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COVBTSSZVa.  C«H"NO,  or  C»«iP'^a«.  (W ertheim,  Wien,Akad,  Ber.  xidi. 
113.) — This  alkaloid,  which  has  the  composition  of  a  hydrate  of  conine  (C*n'»N.H-0), 
exists,  together  with  conine,  in  the  flowers  and  ripe  seeds  of  hemlock  (  Conium  fnaculatum). 
It  is  extracted  by  a  process  which  will  be  described  under  Goninb,  and  purified  from 
adhering  conin'b  by  pressing  the  prodact  after  it  has  been  submitted  to  a  low  tempera- 
ture (by  means  of  a  freezing  mixture),  and  subsequently  by  repeated  reciystallisation 
from  ether.     100  kilogr.  of  fresh  flowers  ^eld  6  grammes  of  pure  crystals. 

Conhydrine  crystallises  in  laminse  having  a  pearly  lustre  and  splendid  iridescence ; 
they  melt  at  a  gentle  heat  and  sublime  below  100°  0.  It  has  a  slight  odour,  which 
increases  when  the  substance  is  Tolatilised,  and  closely  resembles  that  of  conine.  Its 
aqueous  and  alcoholic  solutions  have  a  strong  alkaline  reaction.  Its  physiological  action 
is  narcotic,  but  less  powerful  than  that  of  conine. 

1  pt  of  conhydrine,  heated  to  200°  C.  for  an  hour  and  a  half  with  3  pta.  of  anhy- 
drous phosphoric  acid  in  a  glass  tube,  decomposes  into  conine  and  water. 

Conhydrine  neutralises  acids,  expels  ammonia  from  its  compounds,  but  appears  to  be 
separated  from  its  salts  by  conine.     The  hydrochlorate  is  unciystallisable. 

Chioroplatiyiate,  CH^'NO.HCLPtCP. — An  alcoholic  solution  of  conhydrine  neutra- 
lised with  hydrochloric  acid  is  mixed  with  alcoholic  dichloride  of  platinum,  care  being 
taken  to  avoid  an  excess  of  the  latter,  and  the  whole  is  placed  over  sulphuric  acid  in 
vacuo ;  when  crystals  begin  to  form,  the  solution  is  removed  to  the  air  and  allowed  to 
evaporate,  and  the  crystals  are  washed,  first  with  ether-alcohol,  then  with  ether.  The 
salt  crystallises  in  hyacinth-red  tablets,  from  1  to  4  millim.  in  length,  belon^ng  to 
the  trimetric  system.  It  gave  by  analysis  27*68  per  cent  C,  6-31  H,  4-66  N,  and 
28-04  Pt,  the  formula  requiring  2947  C,  6-16  H,  4*01  N,  and  28'33  Pt 

OOVZCBA&OZXa.  An  arseno-phosphate  of  eopper  and  calcium,  containing  also 
a  small  quantity  of  vanadic  acid,  found  at  Hinajosa  de  Cordova  in  Andalusia.  It 
forms  reniform  masses  of  pistachio-green  colour  inclining  to  emerald  green,  and  yield- 
ing a  streak  of  the  same  colour.  Hardness  —  4*6.  Specific  gravity  —  4*123.  Sub- 
translucent  Brittle.  Fracture  splintery.  It  contains,  according  toiritzsche  (Pogg. 
Ann.  Ixxvii.  139),  30-68  per  cent  As*0*.  881  FH)^,  178  VK)»,  31-76  CuH),  21-96 
CaH>,  and  6*61  water,  whence  it  may  be  regarded  as 

tity  of  the  arsenic  or  phosphoric  acid  being  replaced  by  vanadic  acid.  (Dana,  ii. 
421 ;  Kammelsberg,  p.  376.) 

COWZVa.  QmHne,  Cicuiine,  G*H>*N,  or  0**JEr«M— A  Tolatile  alkaloid  which 
forms  the  poisonous  principle  of  hemlock  {Conium  mcunUatum),  It  was  discovered  in 
1827  by  Oiesecke  (Brandes*  Arch.  Pharm.  zz.  97),  but  was  first  prepaid  in  the 
xmie  state  by  Geiger  in  1831  (Mag.  Pharm.  zzxv.  72,  269 ;  xxxvi.  169).  Ortigoia 
(Ann.  Ch.  Pharm.  xHi.  313)  assigned  to  it  the  formula  C^B}*Ni  Blyth  (Chem.  8oc 
On.  J.  i.  346)  regarded  it  as  O^H"N.  The  formula  C^"N,  according  to  which  conine 
is  isomeric  with  qranide  of  oenanthyl  or  capronitrile,  C'H".CN,  was  proposed  by 
Oerhardt  and  adopted  by  v.  Planta  and  E6kul6  (Ann.  Ch.  Pharm.  Ixzxiz.  129), 
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\rho  hare  sliown  that  coBine  exhibits  tho  characters  of  a   secondMy  mon amine 

Tho  last  formula,  which  wprpsente  mmine  as  conteining  tho  mdicle  btitywsyl  C*H% 
is  rendered  probable  by  tho  frequent  produylion  of  butyric  acid  in  tbe  oxidutloE  of 
Conine. 

Conine  exists  in  combination  vnth.  acids  in  all  parla  of  the  hemlock  pliuitj  but  mof^t 
abnndontiy  in  the  fruit  a  little  before  maturity.  The  leares  contain  u  TOueh  «maller 
quantity,  and  appear  t-o  lose  nearly  tho  whole  of  it  in  dryings  whereas  in  the  fruit  tho 
quantity  ia  little,  if  at  all,  altered  by  desiccation.  It  occurs  abo  in  the  flowers.  Ac- 
cording to  Walz.  conino  i»  probably  also  contained  in  the  ripe  seeds  of  foora  parsley 
{.Eihusa  Ci/namuw).  Aooozding  to  Wagner,  it  appears  to  exist  in  the  root  <h 
ImperatoHa.  In  idl  these  plftots  it  exists  in  oombination  with  acirk,  and  mnst 
tht^rcfore  be  separated  by  the  action  of  a  stronger  base.  It  then  distils  over  paaily 
with  Tapour  of  wat^n 

Preparation. — 1.  The  seeds  erf  hemlock  are  diBtilled  with  carbonat'C  of  potaasium  or 
fllalced  lime,  and  the  yoDowish  dititilltitj?^  upon  which  oily  drops  float,  is  neutralised 
with  anlphorici  acid  and  evaporated :  it  then  bi-ioomes  reid,  violet,  and  lafltly  brown* 
and  deposits  brown  roainons  flakes,  which  are  separatvd  by  filtration.  The  Bltrata 
is  evaporated  to  th©  consistence  of  thick  sjrrup,  and  the  residue  is  treati.^  with  a  miiturt) 
of  three  ports  aljsolute  alcohol  and  one  part  ether,  as  loug  as  it  continues  to  grow 
tarbid.  A  precipitate  of  snlphato  of  ammonia  is  thus  fomiod,  from  which  the  liquid 
is  filtered  and  then  distilled ;  and  the  residue  is  heated  in  a  water-bath  and  I'eptiatodly 
moistened  with  water»  until  no  mor«  alcohobc  Tapours  are  pereeptible.  On  cooling, 
the  mass  is  found  to  contain  a  nrnnber  of  micaceous  lamina*,  which  trannot  Im  separated. 
The  whole  is,  therefore^  distilled  with  potash  in  a  ehloridc-of-cali-ium  bath,  wher«*npoa 
a  detir  yellowiah  oil  first  passes  over,  containing  alcohol  (probably  from  ethybsulphate 
of  potaseium),  and  smelling  strongly  of  oonine.  If  this  product  m  rt?nd<?red  txirbid  by 
mixture  witli  the  foUowinf^  distiilute,  th©  receiver  mnst  be  changed,  and  the  distillation 
continued  till  the  residue  h  almost  dry,  when  it  is  again  to  bo  mixed  with  caustic 
polash  and  water,  and  distilled  as  long  as  conino  continues  to  puss  over.  The  distil- 
late, consisting  of  a  watery  liquid  and  oily  conine,  which  still  contains  water  in  solution 
(Jor  which  ntuon  it  becomes  turbid  whfn  heated),  is  mixed  with  chloride  of  calciuni  as 
long  as  the  latter  continues  to  absorb  water,  and  then  distilled;  ammonia  is  then 
Involved,  and  there  remains  a  brown  resinons  residue.  The  flistillate  ia  again  treated 
with  chloride  of  calcium  and  dtetillod  in  a  sand-bath,  and  the  product,  which  is  ahuost 
colonrlesSy  is  rectified  alone  ;  it  then  lenves  a  small  resinous  residue.  6  Itje.  of  fn^h 
green,  unripe  aeeda,  or  &  lbs.  dry  ripe  ae<?ds»  yield  1  as.  conine*     (Ge  iger.) 

2.  The  npe  seeds  are  ejthaust^  with  alcohol,  the  alcohol  is  distilled  ofiE]  and  the 
residual  syrup  is  mixed  with  an  equal  volume  of  wat^r  and  a  little  hydrate  of  potaa^ 
sinni,  and  distilled  in  a  chloride-of-calcium  bath.     (Chriitison.) 

3.  When  th©  fresh  flowers  (or  seeds)  of  hemlock  are  exhausted  with  hot  wat«r  to 
which  a  little  sulphuric  acid  has  been  added,  and  the  extract  snpersaturatcd  with  lime  or 
hydnttc  of  [KDfassium  and  distilled  as  rapidly  as  possible,  a  strongly  alkaboe  diiiiillsite, 
containing  ammonia,  conine,  and  oonhydrine  passes  over.  The  distillate  is  ncuti  atiscKl 
with  snlphnric  add,  evaporated  on  a  water^bath  to  a  thick  syrupy  consistence,  and  then 
treated  with  absolute  alcohol,  which  precipitates  sulphate  of  ammonia.  The  solution 
is  removed  from  the  deposit  and  placed  on  a  wat«i--batli,  in  order  to  livaporate  off  tho 
alci^hol ;  the  residue  is  allowed  to  coc^l,  then  strongly  Hupcraaturated  with  conct^u* 
t rated  potash  and  mixed  T^ith  ether,  thi?  wholo  being  shaken  for  a  considerable  time 
The  brownish  red  ethcre^d  solution  thus  obtainod  is  separated  from  the  aqueous  solu- 
tion and  evaporated  on  a  wat*ir-bath,  till  the  ether  is  completely  driven  off;  it  is 
finally  heated  to  100^  C,  and  then  distilled  in  a  stream  of  hydrogtn,  at  a  very  slowly 
increasing  temperature,  in  an  oil-bath.  Conine  rendered  impure  by  a  little  water 
and  ether,  first  passes  over,  and  afterwards  colourless  oily  conine,  which  may  easily  b« 
purified  by  neutralising  with  hydrochloric  acid,  pouring  off  tho  mothcr-liquor  from  the 
crystals  oi  hydrochlorate  of  conine,  and  recryst^illising  tlie  salt  from  alcohoL  Conhy- 
drine  remains  in  the  retort,  and,  on  heating,  sublimes  in  the  upper  part  and  net^k  of 
the  retort  in  cryBtalHrie  lamina?;  if  very  slowly  he^ited,  it  sublimes  at  15t}<^  C,  otherwino 
between  l&oo  and  210°.     (Wertbeim.) 

Purijication. — Conine,  obtained  by  Ge  Igor's  process,  may  still  contain  ammonia.  To 
remove  this  impurity,  the  product  is  shaken  in  a  long  gloss  tulxj  with  wat^'r,  and  after 
ft  lew  hours,  the  conine  is  decant-ed  off.  The  wash- water  becomt»s  milky  on  being 
■bakon  up  with  chlorioe-wuter,  but  does  not  evolve  nitrogen  f^a3  if  free  fromi  ammonia 
(Bonteoji'C h ar  lard  and  Hen ry).  The  ammonia  is rt^moved  by  placing  the  c<mine  in 
vaeao  over  enlphuric  acid ;  the  evolution  of  ga^-bubbles  causes  ebtdJition  (Liebig). 
If  the  conine  contains  water^  it  is  mixed  with  insed  hydmte  of  potassium ;  tiie  ooaino 
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then  leptfmtes  out,  aftor  it  time,  in  an  oilj  strattim,  'whkh  m  remoTed  and  rectiflrd  ' 
nlone.     Commercinl  chloride  of  calcium  ciiiinot  bo  used  for  this  purpose,  as  it  geacruUy 
oontaixif  olcuaiiia* 

Proptrttet, — Conine  is  a  limpid  oily  liquid  of  specific  mvitj  0"89  (Geigor).  0*878 
(Blyth).  It  boilii  at  168°— 171*^0.  (Blyth) ;  at  187-5^  a  (Geiger);  189^0.  (Chri»- 
t  iBon);  212^C.  (Ortigocia);  oud  wht-n  carefully  but  rapidly  heated,  Aistiia  almost  with- 
cmt  decomposition  (Geiger).  It  Tolatiiisefi  in  vacuo  ;it  aniiDary  icmp^nLturvs,  and 
distill  wiLoout  residue  (Licbigr,  Ortigosa).  It  may  bo  carried  over  with  iTipour 
of  vnter  at  100°  C,  but  not  without  alight  decomposition.  It  ha*  a  highly  ponetratiug, 
repulsive,  pr»culiarf  and  Buffocating  odour,  like  that  of  tobacco,  and  somewhat  resembling 
that  of  hemlock;  at  a  diffitance,  and  in  amall  quantity,  it  funella  like  mice;  if  doaely 
inhaled,  it  attacks  the  head  and  prorctkea  tears  (Geiger).  Its  taste  is  sharp^  i^pul^ 
tftre,  and  peisiet'ent,  Ule  tbat  of  tobacco*  It  is  a  Tioleot  poison,  amall  q^uantities  of  it 
rapidly  canaing  death,  attended  with  tetanus.  When  outwardly  applied*  it  doe»  nfjt 
dilate  the  pupil,  even  if  introduced  into  the  ey«  itself  (Geig©rJ.  (On  the  action  of 
eonine,  see  Christison,  J,  Pharm.  ixii,  413;  J.  Cliim.  med.  zii.  46L  Kublmann^ 
N,  Br.  Arch.  xxiiL  38.)  It  hiis  a  strong  alkaline  reaction,  but  only  in  the  presence 
of  water  (Geip;er).  The  a]  kaline  reaction  disa^tpeiLra  from  turmeric  pap£X  on  application 
of  heat,  and  slowly  from  Htmua  paper.     (Blyth.) 

The  composition  of  conine  is  as  follows : 

GuImmi        8  atoma 
Hydrogen  Ifi    *, 

Hitrogen      1    „ 


Sw  duration, 
96               76-80 
15               1200 
14               11^20 

74-69 
1205 

7611 

13-oe 

125         ir>u-oo 

is  slightly  soluble  in  water  at  ordinary  tempctcatnres ;  it  Is  also  capable  of 

t  one-third  of  its  weight  of  water,  and  jit  low  temperatures  an  c^^uol  weight ; 

rit  1m  then  heated,  it  becomea  turbid,  from  separation  of  waAer  (Geiger).    It  is  very 

soluble  in  aicokat^  and  when  dissolved  in  4  pb^*  of  alcohol,  may  be  min^d  in  all  projwr- 

*-on«  with  water.     It  is  easily  soluble  in  eihcr^  ia  oiis^  both  fixed  and  volatile,  and  in 

Conine  dissolves  tuJphur  in  large  quantity,  forming  a  dark  oiazig»-coloufod  solution, 

*iich  yields  crystals  of  sulphur  hy  evaporation-     It  is  slightly  somble  in  §uiphid«  of 

rbon^     It  does  not  appear  to  dissolve  phosphorus^ 

I  lhe&nipo&Uion&. — 1.  Conine  ia  very  iuflammnb^  and  bums  with  a  bright  smoky 

'sme,  like  volatilQ  oils,  leaving  only  a  small  residue  of  carbon,     (Geiger.) 

2.  When  kept  &om  tJio  air,  conine  remains  colourless,  but,  on  exposure  to  the  air,  it 

pidiy  turns  yellow^  brown,  and  viscid,  and  becomes  less  soluble  in  water.      The 

\  or  alcoholic  solution  undergoes  the  same  decomposition^  especially  if  the  eoulnf^ 

i*,  both  rapiiily  turn  brown,  while  the  aqueoos  solution  becomes  turbifl,  and 

resinous  Hakes  (Geiger).     In  the  decompoBition  of  conine  by  tlit;  air,  ri'Hin 

ned  and  ammonia  evolved  (Christ ison).     Conine,  placed  in  a  ^ihallow  dish, 

exposed  to  the  action  of  oxygen  for  some  weeks,  turns  dark  red,  ttecrvmes  thicker, 
i  is  finally  converted  into  a  stringy  resinous  mass,  which  smells  strongly  of  coDine, 
I  has  an  alkuline  reaction.  Tliis  ro&in  dissolves  in  strong  hydrochloric  acid,  and  is 
"  litated  by  carbonate  of  potassium.  If  this  operation  be  repeated,  and  the  product 
1  with  water,  a  reain  is  obt^iincil  which  is  free  from  conine,  smeUs  of  but^Tie  acid 
L  burnt  or  exposed  to  moist  air,  and  contains  nitrogen.  (Blyth.) 
k  8.  On  dislilling  conine,  a  portion  is  always  dec^mposod^  anamonia  boing  evolved  and 
III  ifniBied.  The  purer  the  conine,  the  less  decomposition  takes  place*  Heated  for 
t  tjine  to  a  temperature  ne^ir  its  boiling  pOLnt»  it  is  nvach  more  decompoaod  than  when 
{ ia  Ttk^diy  hoaied  to  boiling,  in  which  case  the  greater  part  distils  over  ud changed  ; 
Miia  and  a  nsin  are  formed,  and  perhaps  also  carbomc  and  acetic  acids  (Geiger)* 
t  eoQUiev  em^rated  in  vacuo  over  substances  which  attract  moisture,  leaves  a 
I  pitehy  residue  ( Ch  a rl ar  d  and  Henry,  Ann.  Ch.  Phya.  Ixi.  33 7 ).  Moist  conine 
reain  on  distUlation  ;  the-  dry  subBtAoco  does  not  (Or  tigosa,  Ann.  Ch,  Pharm. 
13).  When  conine  is  heated  atiove  172^  C„  the  boiling  point  rapidly  rises,  de- 
aition  takes  place,  and  white  fumes  aro  evolved.  (Blyth.) 
4.'  In  the  oriduiion  of  conine,  butyric  acid  is  generally  formed,  as  when  conine  is 
Diled  with  nitric  acid  (a  resin  is  formed  at  the  same  time,  which  is  precipitated  from 
lie  solution  by  potash  on  cooling) ;  also  on  eTa[iorating  hydrohromate  of  conine  in  vacuo 
^th  a  slight  excess  of  bromine,  or  by  evaporating  sulphate  of  conine  to  dryness^  and -by 
'm$  conine  with  acid  chromate  of  potassium  and  sulphuric  acid  (Blyth).  An 
|<of  butyric  a<?id  is  perceptible  during  the  evaporation  of  the  platinum-  or  mereury- 
coni'no,  and  of  its  basic  substitution-products  (v.  Plant  a  and  Kekule).  Co- 
I  ledttces  ailver^^alta,    (Ortigosa.) 
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5.  When  conine  is  neufraliiM^  viith  dilui«  mineral  acids,  it  m  not  deomnpoiGd  by 
spontanc^onji  <!va|»oratiaa,  but  if  p\'aj>onited  with  the  aid  of  hpiit,  its  j^lutiovi  beooniM 
*lnrk,  and  s  salt  of  ammonia,  and  a  resin  jiri?  formed,  The  sami"  reai'tion  ifl  produjced, 
avr-ii  in  the  cold,  by  an  excess  of  iicid,  or  by  act  tic  or  tartaric  acid*     (Geiger.) 

6.  Alt-oholic  tinrture  of  todint  acts  Tioli^nVly  upon  moist  contne,  the  solution  becoming 
turbid  and  yellow  for  a  few  momeDt^i,  and  thi*n  colourlc^,  and  ultimately  drying  up  to 
iwi  uncrystiUlisabk  mass  (Geiger,)  A  weak  tincture  of  iwiine  added  drop  by  drop 
tn  aleohoHe  conine,  produces  a  dark  brown  prfoipitate^  which  disaolroB  and  formis  a 
colourless  liquid  When  tincture  of  iodine  is  added  aj  long  as  the  liquid  remaini 
eolourleaa  (if  an  eicess  of  iodine  is  added,  a  different  decomposition  takes  pliwc),  and 
the  solution  eva|x>rated  in  vacuo,  there  retniiint  a  brownish  mother-liquor,  containing 
crystals  of  a  similar  form  to  those  obtained  by  the  action  of  bromine  upon  coaiiie  ;  they 
are  easily  soluble  in  water,  alciohol,  and  ether  (Elyth)u  Anhydrous  conine  b<*- 
comea  heated  in  contact  with  iodine*  and  formfi  thick  white  fumes  and  ^i  readily  fusible 
mass,  which  Li  at  first  blood-red,  mid  Afterw&rds  tuma  olive-green ;  this  l^^dy  diaaolvcB 
in  water,  fommig  a  Bendy  coiouri^aa  Bolution,  and  depositing  a  thick  black  resin. 
(Geiger.) 

7.  When  conine  (distilled  at  169^  C)  is  exposed  to  vapour  of  braminf,  it  immediately 
Bolidifiefi  into  a  muss  of  crj'stalline  needles.     If  too  much  Ijroinine  is  uaed,  the  chief 

ftroduct  itt  a  gummy  mass  ;  if  eonmo  Is  employed  which  distilled  over  below  1GS°,  a  red 
iquid  IB  formed.  The  purer  the  conine^  the  more  abundant  is  the  formation  of  crysta.l». 
Conine  which  haj»  passed  over  between  98^  and  136°  does  not  at  first  form  any  cryetalj* 
with  brf>mine^  and  when  evaporatiHl  in  vacuo,  becomca  dark  red,  or,  if  more  bromine  i^ 
added,  black.  This  jiroduct,  dissolved  in  water,  boiled  with  &nimal  chajrcoal*  then  fil- 
t^^j'ed  and  evaporated  in  racuo  over  enlpburic  acid,  yields  tranapareDt  colourless  needle* 
and  a  brown  mother-liquor.  The  crystali*,  aitier  waahing  with  ether,  contain  48-62  per 
cent.  C,  and  8 '98  H;  they  are  readily  soluble  in  water  and  in  alcohol,  hut  mucli  less  in 
ether ;  when  purified  by  treating  them  with  ether»  and  recrystallised  from  water  or  from 
nlcoholi  they  focm  needles  which  are  permanent  in  the  air  and  melt  into  an  oil  at  alxiut 
100"''  C.„  giving  off  a  little  conine  vapour.  On  cooling,  the  oil  solidifies  into  a  striated 
tnaas.  (Blyth.) 

8.  Anliydrous  eonine,  acted  upon  by  chlorine gos^  gives  off  dense  white  fnmes,  becomes 
hot  and  thick,  and  forms  a  dark  broiAti  muss,  which  has  a  peculiar  odour,  something  like 
thatof  chloriup,  but  not  like  that  of  CMinine,  and  when  suspended  in  water  and  treated  with 
caujstic  BOKhv^  diffuses  an  odour  of  conine  an<l  turpentine.  With  bydrated  conine,  chlorino 
^as  produces  a  whitish  turbidity,  separation  of  oO  drops,  and  a  smell  of  chloride  of 

[  nitrogen;  if  potaah  be  then  added,  an  odour  of  conine  is  evolved  (Geiger),  Moist 
Conine,  free  foim  ammonia,  does  not  evolve  nitrogen  when  shaken  with  ehlorine-water 
(Charlard  and  H c n ry ).  When  chlorine  gas  is  |>:issed  ov er  conuie  wh i ch  h as  dist i  11  cd 
at  130°  C,  the  coniue  becomes  hot,  aussumes  a  djirk  red  colour,  and  emits  heavy  white 
Taf>ours  which  smell  somewhat  like  oil  of  lemon.  If  the  action  of  the  chlorine  be  con- 
tinued and  the  oil  cooled,  it  become^  colourless  again  and  thicker,  ceases  to  evolve  white 
Vrtfiours,  and  Ixecomes  covtred  with  white  crystals,  into  which  it  is  completefly  converted 
aftiir  the  chlorine  ban  been  puKsed  over  it  for  a  long  time.  The  crystala  are  like  those 
formed  b^'  th^  action  of  bromine^  and  ate  very  volatile.  If  stirred  up  with  water,  they 
readily  dissolve ;  they  are  very  soluble  in  alcohol  and  ether,  from  which  they  crystallise, 
0»  Anhyilrous  conine  poured  upon  dry  chromic  acidj  takea  fire  immediately.  (Hof- 
manO;^  Ann,  Ch.  Pharm.  xlvii.  86.) 

10*  Photrph&molffbdic  acid  (obtained  by  precipitating  molybdate  of  ammonium  with 
oommoD  phosphate  of  sodium,  evaporating  the  solution  to  dryness^  igniting  till  the 
amoioiiia  is  driTeu  off,^  and  diasolving  the  residue  in  water  containing  nitric  acid)  forms 
with  eonine  and  its  salts,  a  bright  yeuow  bulky  precipitate.  The  precipitate  is  searceiy 
soluble  at  ordinary  temperatures  in  water,  dilute  acids  (with  the  exception  of  phos- 
phoric acid),  alcohol,  or  ether ;  it  is  however  readily  taken  un  bv  the  carljonates,  borates, 
and  phosphates  of  the  alkalis,  and  decomposed,  though  with  <lifficulty,  with  separation 
of  ooninef  by  the  alkaline  earths  and  their  carlx>nates,  as  weO  as  by  the  oxides  of  lead 
and  silver  and  their  carbonates.     (Sonnenschoin,  Ann,  Vh.  Pharm.  cv.  4f).) 

11,  Conine  is  rapidly  attacked  by  bromide  o/etht/K  and  forms  a  crystalline  product 
(Hofmann,  Ann.  Ch.  Phanii.  Ixaiv.  175  ;  hucbt.  34).  Commercial  conine  mixes  with 
1  iodide  of  ethyl,  and  forms  at  first  a  clear  liquid ;  but  a  reaction  quickly  takes  place, 
whereby  a  brown  oQ  is  formed,  which  sinks  to  the  bcittom  of  the  vessel  If  the  mix- 
1  tufe  is  heated  in  a  sealnl  tube  to  100°  C,  till  the  stratum  of  ether  at  the  bottom  no 
I  longer  decreases,  there^ii  formed,  if  the  con  be  is  pure,  a  viscid  oil  (hydritnlttte  of  ethyl- 
Loonine);  but  if  the  conine  contains  methyl-coninc,  there  is  formed,  besidns  hydriotfbite 
lof  ethyl-oonLno,  the  hydriodate  of  etbybmeihyl-conine,  which  solidifies  in  part  inime- 
'  diately,  and  com pktely  on  cooling,     ( v,  P I  a  n  t  a  and  K  o k  u  I  ^ . ) 

1ft.  innate  r/  ttA^l  dissolveji  conine,  with  evolution  of  heat,  forming  a  compound 
— ,  the  ciystallisation  of  which  causes  the  mixture  to  solidify  on  cooling.     (W  u  rt  e.) 
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SAtTSorOoNiKM. — Conine  u  a  strong  base,  and  D<M](Ttt]i8es  adds  eompktdy  ; 
forming  s&lfs  in  which  1  at.  oonine  ia  united  with  1  at.  of  a  monobiusie  Wi'\(\  2  at.  couitio 
with  1  at  of  A  dibafiic  acid^  &c  These  taJita  may  bo  ob ruined  in  tbe  fuiJid  state  by 
leaving  their  eolutionfi  to  OTaporate  in  vacuo,  but  tJicy  are  difficult  to  rrvBtalUse.  Tbey 
dis^olre  eastljr  hi  water,  in  aloohol,  and  in  a  miituiv  of  alcohol  and  ethor,  but  are  iu- 
solnhle  in  pur©  ether.  Many  of  them  are  deliqacscent.  They  buvo  a  diaagrueable, 
bitt^ff  and  acrid  taatet  like  that  of  tobacco.  In  the  dij  fttate  tbc^y  are  odoarlens,  but 
the  aqneoYu  Bolution*  always  amell  of  coninei     They  are  decomposed  by  beat. 

The  aqneooA  solutions  of  conine-awilts  form,  with  wdiite-soiuikm,  a  saffron-c^oloured 
precipitate,  which  eoon  redisaolTefi.  They  yield  flocciUent  precipitates  with  tinctttre  &f 
gaits  and  dickloride  o/phiinum.  With  af kalis,  they  give  off  the  peculiar  odonr  of 
Conine ;  and  when  shaken  vt\>  with  a  solution  of  suipfutts  of  maffnesiunij  they  form  a 
crystalline  aalt.  The  solutiona,  when  eatj^ioBed  to  the  air,  cradually  chang*?,  from  thi^ 
docompottitiau  of  the  conine,  acfjuiriiig  a  beautiful  red  or  violet  eoloiir,  which  jtftervv'anU 
changes  to  green  or  dark  blue,  and  dif^appcam  a^ain  on  addition  of  iiikalis  ;  if  quitu 
neatrali  tbey  often  become  yellow  or  browniith.  A  much  more  rapid  deeomposition 
tak*ifl  place  when  the  solution  of  a  coninc-aalt  ia  eranorated  by  beat  aud  in  contact 
with  the  air,  the  conine  appearing  to  sujQeir  the  same  alteration  iuf  when  exposed  to  the 
air  in  the  free  state  ;  tbe  solutions  become  brown^  and  deposit  brown  £loeks,  iiud  if  an 
alkali  be  then  added,  ammonia  and  conine  are  set  free,  and  a  dark-brown,  bitter,  m- 
^jnnoos  substance  ia  separnt^^,  which  does  not  exert  any  poisonotis  action. 

AjcOOTdingto  Geigcr,  conine-Mlts  are  less  poisonous  than  the  hxae  itself;  according 
>  Christiaon*a  experimeuta,  on  the  contrary,  the  poisonous  action  of  conine  is  ^reatlj 
ntoosified  by  nentraliAatioti  with  adds.     Five  grains  of  conine,  neutralised  with  hydro- 
pie  acid,  and  introduced  into  the  Tein  of  a  small  dog,  killed  it  in  a  few  seconds. 
Acetate  of  Canine  drien  up^  by  spontaaeoui  evaporation,  to  a  brown  raniish-liko 

,  which  dissolves  in  water. 

Hydroekloraie  n/  Con i n f,  C*H'*N.RC1. — Hydrochloric  iicid  gas  colours  dry 

nine  red  and  then  blue.     When  conine  is  placed  under  the  receiver  of  an  air-pump, 

tide  a  vessel  containing  fimiing  hydrochloric  acid,  crystals  of  the  hydrocblorate  ai'u 

in  both  vessels^  having  the  form  of  beautiful,  colonrlesa,  tranBparent  lamiu;c 

[).     Accordinc;  to  Wertheim  (Ann.  Ch.  Pharm.  c  335),  conine  evajjorated  with 

doric  acid»  yields  rhombic  crystals  from  2  to  4  millimetres  long,  and  having  a 

strong  fatty  liistre ;  they  are  easily  purifiod  by  roiirystaliisatjon  from  alcoboL 

bo  salt  disBolves  easily  in  water,  &nd  becomes  moist  in  contact  with  the  air.    If  the 

llntion  be  left  to  evaporate  in  cohtact  with  the  air,  the  salt  agaijci  crystallises  in  huninse, 

lit  tams  brown  from  decompodtion. 

Ckloroplatinate  of  Conim,  C"H'*N.HCLPtCl^    obtained    by  mixing  an   alcoholic 

llution  of  Conine  with  dichloride  of  platiuum,  and  evaporating  in  vacno  over  oil  of 

riol,  is  an  orangery eUow  cryet-alline  powder^  soluble  in  water  and  in  boiling  alcobolf 

olnble  in  ether-alcohol  (0 r tigos  a)  ;  decomposed  at  IQO'^  G. 

itrait  o/  Conine  ia  obtained,  by  spontaneoiu  evaporatton,  as  a  brown  deliqni'it- 

nt  mass,  having  the  consisteace  of  an  extracti  mixed  with  small  needles  and  cryatalHno 

auies. 

ilpXatB  of  Oonine,  —  Conine,  saturated  with  dilute  sulphuric  acid,  assumes  a 

msh  colour  on  evaporation,  and  leaves  a  thick  gummy  mass*  with  traces  of  crys*^ 

Ation.    According  to  Charlord  and  Henry,  tbe  Halt  ts  crystallisable,  deliquescent^ 

I  duBoLTes  in  all  proportions  in  alcohol.     Potash  separates  the  conine.     If  tlje  eva- 

I  ba  carried  too  far,  decomposition  takes  ^lace,  and  tlie  odour  of  butyric  acid 

Qes  peireeptible.    Sulphate  of  conine  forms  with  sulphaU  of  alumitUuit%j  a  double 

\  whicn  crystallises  in  octahedrons  (conine'aium).' 

Tartrate  of  Coat «<;.  — Tho  golution,  left  to  evaporate  in  the  air,  becomes  turbid^ 
qnib^es  a  green  and  then  a  brown  colour^  and  leaves  an  extraet-Hke  mtisa,  containing 
gnmnlaz  crystals.     On  heating  the  mass  with  water,  a  few  brown  Hakes  remain 
solved. 
Conioe  Conns  crystaUisable  salts  with  iodiC|  ozAlic,  and  phosphdric  acids. 

SubaHtntioii'deTivatives  of  Conine. 

ConiDt  ia  a  seoemdaiy  monaminei  N*H-(CH'*)\  or  K.H.(C*H^)V  containing  onljr  one 

of  replaceable  hydrogeti  r  fur  when  it  is  treated  with  iodide  of  ethyl,  hydnodie 

I  Ikmned,  and  the  ethyl  takes  the  place  of  1  at,  hvdrogen  in  the  base,  the  product 

kydriodate  of  ethyl^comnt  (N.C^ll'.C*H**).HI ;  but  on  treating  ethylconine  with 

I  of  ethyl,  no  further  substitution  takesnlace^  but  the  two  bodies  unite  directly, 

Modetht/fatt  of  fthtflmnine  (N»CHIC*H**}.C*H*I,  or  rather  iodide  qfdiethyi- 
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MsTHTL-coNnf  R.  C"H"N-N.CHVC*H^*.  —  ThiB  baflc  is  oft«n  contained  in  com- 
ni«(reiAl  cooine.  It  ui  also  prcdneod  by  the  action  of  heat  on  ethji-raetiiyl-conine.  It 
ift  ft  coloiirle«H  oil,  Bmelling  like  conii«.%  lighter  than  inT4t**r^  and  ipazinglj  Bolnblc  in 
water,  impurting,  howercTt  a  f5troijg  aUudine  rctaction.  Iodide  of  ethyl  con  verts  it  into 
iodide  of  ethyl- raethyl-coninium. 

Etktl- CONINE.  C'''H"N=N,CvH*.C*EP<.  {t.  Planta  and  Eekul^  Ann.  Ch, 
Pharni.  Isxjcix.  131.) — Tlie  hydriodate  of  tMa  base  is  obtained  hy  henting  coainc  with 
iodide  of  ethyl  in  a  aealtKi  tube  to  100^  C,  for  aboat  half  an  hour;  and  by  diwolving 
the  product  in  water,  remoriog  the  excesa  of  iodide  of  ethyl  by  dtfcantiition^  and  gently 
lieating  the  solution  with  can«tic  potash,  elhyl-conine  eep(i«iteB>  nnd  may  be  recti£e<l 
in  a  cnrrent  of  hydrogen  after  being  dried  over  fi^gmenta  of  chloride  of  calcium  and 
aolid  [Kfttafik 

Ethyl* Conine  ia  a  Tolatile,  almost  colonrleaa,  strongly  reacting  oil,  lighter  than 
water,  smelling  like  coniuo,  partiaUjr  decoraposed  by  diatillation.  Iodide  of  ethyl  con- 
Terta  it  into  iodide  of  di  ethyl- oonininm. 

Ethyl-eonine  ia  sparingly  solnble  in  water,  but  diasolres  readily  in  acidsi,  with  con* 
mdtirabk  ©Tolution  of  heat.     Ita  aalta  do  not  crystalliae  by  evaporation. 

Tlie  h^drobromate  ^nA  hydriodate  aro  un ray stalliBable,  The  hydrockiorate 
in  obtained^  as  a  mass  of  white  deliquescent  cij'stala,  by  leaving  anliydrous  ethyl-conioe 
under  an  exhausted  receiver  beside  a  vessel  containing  fuming  hydrochloric  a^'ld.  The 
chloro'auraieis  precipitated  aa  a  jeUowish  oil  whiek  solidifies  and  ciyatallisea ;  &om  a 
bet  ditute  solution  it  aom  etimes  separates  in  beantilul  yellow  ciy  stala.  The  chioromcr- 
cttraie  is  obtained  by  precipitation,  as  a  white  resinons  sabetance^  which  melts  in  the 
liquid  at  the  boiling  heat»  and  if  dilate  aolntions  kk  used,  s^pcrates  in  rhomboid^] 
tablets.  The  ekUroplatinmit,  C'*H'»N.HCLPtCl',  is  a  yellow  crystalline  powder 
easily  soluble  in  water  and  in  alcohol, 

DiBTHTL-coNixiuM,  C^'^M-'N  =  N.(C=H*)*.C»H'*.  (v.  Planta  and  KokuU,  Ann. 
Ch.  Pharm.  Ljtxxix.  H6.) — Known  onlv  in  combination*  The  iodide,  C'*H*'NI*  is  obJaimtl 
by  the  action  of  iodide  of  ethyl  on  ethyl-conine  in  the  cold.  This  mixture,  leJ^  to  iti^elf 
for  12  hours,  forms  a  crystalline  mass*  and  on  heating  this  product  In  a  sealed  tube  to 
100'^  C,  the  iodide  of  dipthyl-coninium  melts  to  a  liquid  which  floats  on  the  iodide  of 
ethyL  The  crvstals  are  aofler  than  those  of  ethyl-methyl-coninium,  diaaolvo  easily  in 
water  and  alcohol^  less  readily  in  ether. 

The  hydrate  \9  obtain wl  in  solution  by  decomposing  the  ioilid©  with  oxide  of  silver. 
The  HolutioD  LB  inodorous,  bos  a  bitter  taste,^  and  strong  alkaline  reaction. 

The  chloridet  obtained  by  saturating  the  ba«e  with  hydrochloric  acid,  forms,  with 
chloride  of  mercury  t  a  white  tlocculent  precipitate,  which  melts  when  heatetl,  and  «epa- 
i&tssfirom  the  hot  aolution  after  some  time  m  microscopic  crystals;  with  tricMorHU  of 
fold,  a  sulpbur-yfillow  semi-fluid  precipitate  which  dissolves  when  heattd,  and  sieparjitea 
on  cooling  in  oily  drops  wbitih  become  solid  and  crystalline ;  and  with  dkMotidc  of 
ptaiinumj  on  eraporation,  a  cryatidlino  salt  contuiniag  C"H**N,CLPtCl*, 

Ethtl-methtl-cosinium,  C'^H^^N  «  N.CH'.C^nM^ff*.  (t.  Planta  and 
Kekult?',  Ann.  Ch,  Fharm.  Ixxxix.  135.) — This  base  also  is  known  only  in  combina- 
tion. The  iodide  ia  produced  by  the  action  of  iodide  of  ethyl  on  methybconinc. 
When  commercial  conin©,  containiJig  the  lattur  compound  (ii.  h\  is  treated  with 
io«lide  of  ethyl,  it  yields,  besides  the  syrupy  liydriodate  of  ethyl -conine,  cry  stab  of  the 
iodide  of  ethyl-meth^l-coninium.  The  reaction  takes  place  even  in  the  cokl,  sjid  is 
completed  in  a  few  minutes  at  the  heat  of  the  water-bath.  On  dissolving  the  product 
in  water,  removing  tho  ma«a  of  iodide  of  ethyl,  and  adding  caustic  potash,  a  brown 
oil  separates  which  divides  into  two  layers,  the  upper,  whiii^b  consists  of  ethyl-conine, 
rema^ining  liquid,  while  the  lowor^  conaigting  of  iodide  of  t-thybmethyl-coninium,  aepii- 
mtea  in  splendid  needles,  which  may  be  pmrifiod  by  washing  with  ether  containing  a 
little  aloohol. 

Hydrate  of  Ethyl-mtihyl-coninium  h  obtained  in  solution  by  decomposing 
the  iodide  with  recently  precipitated  oxide  of  silver.  Tho  solution  is  colourless, 
inodoroue^  very  bitter,  strongly  alkaline,  and  when  concentrated  acts  on  the  skin  like 
caustic  potash.  It  abaorba  carbonic  iicid  quickly  from  the  air.  It  may  be  boiled 
without^  decomposition,  but  when  concentrated  and  distilled,  it  is  resolved  in  methyl- 
conine,  wateTi  and  ethylene  gas ; 
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Heated  in  a  sealed  tube  with  iodide  of  ethyl,  it  is  converted  into  alcohol  and  io<Iid€  of 
cthybmethyl-coninittm. 
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The  chloride,  suipkate,  nitrate,  carbonate,  oxalate,  and  acetate  of  ethyl- 
methyl-foniniBm  are  cryBtaUisable,  veiy  soluble  in  water,  and,  for  the  most  part, 
deliqueaeent. 

The  iodide,  C"H*^I,  forms  colourless  needles  rery  soluble  in  water  and  in 
aleobol,  insoluble  in  etiier  and  in  alkaline  liquids.  It  may  be  boiled  with  caustic  potash 
without  deeompoflitioa. 

Chloro-auratc,  C«»H«NCLAuCl»— Plredpitated  by  chloride  of  gold  from  a  so- 
hition  of  the  base  in  hydrochloric  acid,  in  yellow  flakes  which  soon  become  ots- 
talline.  I^om  hot  solutions,  the  salt  is  deposited  in  fine  needles  on  cooling.  The 
dxy  salt  melta  below  lOO*^  C.  (Gk)ld,  by  analysis,  38*67  per  cent,  by  calculation  38-86 
pereentk) 

Ckloro^mereurate,  C*H'*NCL6HgCL —White  crystalline  precipitate,  moderately 
■olnble  in  watCT,  alcohol,  and  ether.  Gives  by  analysis,  69*16  per  cent  Hg,  and 
24-63  CI,  the  fbrmuhi  requiring  69-03  Hg,  and  24*46  CL  When  heated  with  water, 
it  melts  and  dissolves,  and  the  solution,  on  standing,  deposits  another  salt  containing 
C»»H»NCa.6HgCL  (Analysis,  1426  per  cent  C,  2*70  H,  and  6678  Hg;  calculation. 
14*98  G,  2*60  H,  and  66*76  Hg.) 

Ckloroplatinate,  C»H«NCLPtCl«.— Precipitated aa  a  yellow  crystalline  powder, 
or  from  dilute  solutions,^  gradually,  in  fine  octahedrons.  It  is  sparingly  soluble  in 
cold  water,  more  soluble  in  boiling  water,  insoluble  in  alcohol  and  ether.  (Mean  of 
analyses,  36*49  per  cent  C,  6*64  H,  and  26*43  Pt;  calcuktion,  36*37  0,  6*86  H,  and 
26*46  Pt) 

COWXBTO Ji XTB.  A  name  given  by  R.  P.  Greg  (Sill  Am.  J.  xvii.  333)  to  a 
hydrated  oxalate  of  calcium  in  crystals  of  the  trimetric  system,  from  Coniston  in 
Cumberland;  afterwards,  however,  found  not  to  be  a  natural  mineral  {ibid,  -g-rii  262). 

COVZTB^  or  Konite,     Compact  dolomite. 

COVZUM  IKACmbATUM.  Hemlock. — This  veiy  poisonous  plant  contains  the 
two  alkaloids,  eonine  and  conhydrine.  It  loses  its  activity  by  drying,  and,  according 
to  MuUer,  by  keeping  for  twelve  months.  The  extract  loses  its  activity  with  equ^ 
facility,  the  alcoholic  sooner  than  the  aqueous  extract  According  to  Landerer,  the 
green  parts  of  the  plant  contain  also  a  small  quantity  of  an  extremdy  intoxicating  oiL 
100  pts.  of  the  dry  leaves  contain,  according  to  Wrightson  (Pharm.  J.  Trans,  v.  40), 
6*8  pts.  nitrogen,  and  12*8  ash,  consisting,  after  deduction  of  carbonic  acid,  sand,  and 
charcoal,  of  21*7  per  cent  potash,  9*6  soda,  14*9  lime,  8*3  magnesia,  2*6  siUca,  6*9  sul> 
phate  of  ralrinm,  16*7  phosphate  of  calcium,  3*6  ferric  phosphate,  and  16*6  chloride  of 
sodium. 


COWTUVATBD  OOMPOUJUJIS.  Copulated  compounds.  Corps  conjuguh  ou 
eopuUs.  Gepaarte  Verhindungen, — ^These  terms,  the  meaning  of  which  has  never  been 
very  clearly  defined,  were  first  introduced  into  organic  chemistry  by  Gerhardt,  in  1839. 
He  had  observed  that  certain  acids,  especially  sulphuric  add,  produce,  by  their  action  on 
orj^nic  bodies,  pecuHar  compounds  in  which  the  characteristic  properties  of  the 
original  substances  are  no  longer  perceptible ;  benzoic  add,  for  example,  is  converted 
bv  sulphuric  add  into  sulpho-benzoic  acid,  a  compound  in  which  the  presence  of  sul- 
phuric add  cannot  be  detected  by  barium-salts.  This  kind  of  union  was  called  by 
Gerhardt  copulation  {aoeouplement) \  the  product,  a  copulated  compound  {ail 
eopkU\  and  the  organic  body  which  United  with  the  sulphuric  add,  was  called  the 
copula  {eomde,  FaarUng), 

To  ezplam  the  formation  and  properties  of  these  substances,  Gerhardt  supposed  that 
the  action  of  snlphiiric  add  and  similar  adds  on  organic  bodies  may  take  place  in  two 
ways.    Either  ^e  acting  add  loses  its  saturating  power,  in  which  case  the  product  is 

formed  by  substitution,  e,g,  sidphobenzide,  oq»  from  benzole,  C"H*,  by  the  substitu- 
tion of  8C^  fat  1  at  H;  or  the  acting  add  retains  its  saturating  capacity,  in  which 
combination  takes  place  by  copulation.  In  many  cases  both  these  actions  were  sup- 
posed to  take  plaee  together ;  thus  the  formation  and  composition  of  sulpho-benzoio 

add  (anhydrous)  were  represented  by  the  formula    ^^0*  +  50". 

Similar  views  regarding  the  constitution  of  such  acids  were  put  forth  about  the  same 
time  by  Dumas  and  Pina,  who  designated  them  as  "  conjugated  acids."  Berzelius 
also  adopted  the  terms  oc^mlated  and  conjugated,  but  a^^licd  them  in  a  different  sense, 
namely,  to  designate  compounds  which  he  could  not  regard  as  formed  by  the  union  of 
elements  or  compound  radicles  in  opposite  electrical  states ;  thus  water,  metallic  oxides, 
and  the  corresponding  oxides  of  orsanic  radides,  were  supposed  to  be  capable  of  uniting 
with  adds,  oar  electzo-negative  bodies,  in  the  ordinary  way ;  but  the  union  of  all  other 
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bodies  wm  called  copulAtion.  Thus  acelic  add,  C*H*€^,  ms  rvgardf^  as  oxftHc  add, 
C*C3^,  copalatc-d  with  metbjl,  C'H*;  trichloracetic  acid,  OCP€^,  aa  oxalic  aeid«  C*0^ 
copuliated  with  Besqaichlonde  of  carbon,  C^CT*.  A  oopdlated  compound  waa  ddlned  as 
a  eompoiuid  of  an  active  subalaDce  {e,  g.  the  oxalic  acid  in  the  oompoimda  just  men- 
tanoe^  with  a  paasiTe  snbatasoa  or  copula.  Sal«titution  (of  O  for  H  for  AKamplc) 
was  supposed  to  take  place  onl j  in  the  latt^Tr.  These  views  of  Beneliiis  hATe  dearly 
no  conuectioD  with  those  previously  mentioned.  G^hardt  in  iu^  protested  against 
this  use  at  terms  which  he  had  intnxiuced  in  a  different  sense^  '^^.  ^  ^^  same  time^ 
defined  coigugated  compounds  as  bodies  produced  by  the  substitutioii  of  "ifsidiiea** 
(or  compound  ndicles)  for  ekmentary  bcxlies,^  this  definition  indnding  the  amides 
compound  etheiB,  nitn>«ubsttttttion  compounds,  as  well  as  the  oompoiuids  Ibniied  by 
the  action  of  sulphorie,  phoephanc^  and  other  polyba^ie  acida  on  hydio-^arboma  and 
ofganic  acids. 

In  a  memoir  on  the  anilides  published  by  I^nrent  and  GerhArdt  in  1848^  the  £>!• 
lowing  definition  is  giTcn:  — **  We  designate  as  coiyngate  compounds*  ail  snch  as  are 
formed  by  the  direct  union  of  two  bodies,  with  elimination  of  water,  and  af«  e^iable 
of  reproducing?  the  original  bodies  by  again  taking  up  the  elements  otw^Xac** 

The  following  are  examples ; 

Ethyl-sulphuric  acid,  formed  £rom  alcohol  and  sulphuric  mad : 
C*H*0  +  H»80*  -  C^H-SO*  +  UK), 

Acetic  ether  from  alcohol  and  acetic  add : 

Kitro-benzoic  acid,  firom  bensoic  and  mtric  adds : 

Cm*0»  +  KSC  -  C'H*(NO«)0»  +  H«0. 
Solpho-benzoie  add,  fifom  benxoic  and  sulphuric  adds : 

(rH*0»  +H»SO*  =  C^fl^SO*  +  H*0. 
Bensamide^  &om  benzoic  add  and  ammonia: 

It  is  cjisy  to  see,  however,  that  on  this  definition  nearly  all  chemical  compounds 
might  be  regarded  as  oo^jogated  :  for  the  mode  of  action  just  illustf&ted  is  precisely 
that  which  taLc^  place  in  the  ibnnatioD  of  the  simplest  salta,  0.  y. : 

Chloride  of  ethyl  .        *         .(?HH>  +  H(a       —    C'H*Cl+  H*0 

Add  sulphate  of  potassinm  .        *  KRO  +  H=SO*  ^  HKSO*  ^  H*0 
Ghloride  of  potassium  ,        .         .  KIIO  +  HCl       ^  KCl        ■«-  H^ 

Horo  recently  (in  his  JVaiti  de  Ckinm  Or^aniaue,  I853-56)  Gerhardt,  while  be 
admits  that  in  a  certain  sense  all  organic  compoonos  ma^  be  regarded  as  conjugated, 
nerertheless  nstricts  the  actual  use  of  the  term  to  certain  ^upe  of  bodies^  without, 
however,  dlstuuctly  stating  what  they  are.  He  no  longie?  a^Jies  it  to  the  etheni,  dther 
add  or  neutral,  or  to  the  amides ;  but  includes  among  coi\]Ugated  compounds  the  amie 
acids,  and  compounds  formed  by  the  Bubstitntion  of  bromine,  chlorine^  or  nitzyl,  fat 
hydrogen.    The  idea  of  a  ooigu^ted  compound  he  explains  as  follows :  — 

**  To  connect  together  two  or  more  systems  of  double  decomposition  of  one  and 
the  same  body,  it  Ls  often  adTsnta^eoos  to  represent  its  composition  by  a  coi^u- 
gated  mdide,  that  is  to  say^  a  zadide  made  up  of  serend  radiclea^  each  of  whit^h 
lents  one  such  system  of  decomposition.  We  must  regud  as  conjugated  the 
i  of  ereiy  body  capable  of  being  transformed,  by  certain  Teiy  simple  reactions, 
into  comoounds  belonging  to  other  radides  {radieaujt  C(mtiitutmtt%  or  in  other  words, 
the  radicle  of  erery  body  resulting  from  the  metunorphosis  of  such  combinAtions. 
Thos  acetyl,  CHK),  may  be  regaided  as  a  conjugated  radide  composed  of  carbonyl,  (X), 
and  methyl,  CH*j  because  acetic  add  and  its  deriTatiTes  are  capable  of  splitting 
up  into  compounds  containing  carbonyl,  and  others  containing  methyl  (i.  17);  imd 
couTencly,  acetio  add  may  be  produced  hir  the  acCaon  of  carbonic  anhydride  on  po^ 
tassium-methyL  Similarly  with  the  radides  of  the  other  fatty  adds;  thus,  formyl 
-  CO^;  propionyi  =  CO.C*H»;  butyryl  ^  CO.C*H^;  amy!  «  CO^CJ'H',  &c.  The 
same  acid  radicles  may  also  bo  regarded  as  alcohol-rudiclce  in  which  H-  is  ropkced  W 
O ;  thus  acetyl,  C?H*0,  may  be  regarded  as  formed  from  ethyl,  CR* ;  pKjpionyt 
C*fl*0,  from  trityl,  C»H' ;  butyij-l,  C^H'O,  from  tetiyl,  C*fl»:  this  mode  of  repre* 
fM*ntation  corresponding  to  the  fact  that  the  alcohols  arc  converted  into  fatty  adds 
by  oxidation.*^ 

In  general,  complex  radides  may  be  regarded  as  conjugated  dther  by  addition  or 
by  substitution ;  is.  g.  tetrethylammonium,  N(C:^')\  is  either  a  compound  of  N  with 
4  at  ethyl;  or  it  is  ammonium,  NH*,  in  which  4  at.  H  are  replaced  by  ethvl.  The  mode 
of  repceaentation  by  substitution  is  especially  apphcable  to  bodies  formed  by  the  action 
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of  chlorine,  bromine,  nitric  acid,  or  sulphuric  acid  on  organic  bodies,  and  to  the  amides, 
amines,  and  ammonium- bases. 

From  these  considerations — for  the  full  development  of  which  we  must  refer 
to  Gerhard^s  TraitS  (iv.  602)— it  will  be  seen  that  Gerhardt  ultimately  gave  up  the 
idea  of  conjugated  compounds  as  distinct  from  others,  and  retained  the  term  merely 
for  the  sake  of  comprehending  certain  substances  in  groups,  and  exhibiting  certain 
analogies  in  a  clearer  light  His  formulae,  in  fact,  represent  decompositions,  the  most 
important  transformations  being  indicated  by  the  radicles  which  appear  in  the  typical 

formula :  thus,  when  acetic  acid  is  written,     ^     1 0,  we  are  reminded  that  1  at  of 

hydrogen  may  be  exchanged  for  a  metal  or  other  basylous  radicle,  and  that  1  at 
O  (outside  the  radicle)  may  be  replaced  by  S,  yielding  thiacetic  acid,  or  by  2  at  CI, 
yielding  chloride  of  acetyl  and  chloride  of  hydrogen.  In  these  transformations  the 
radicle  acetyl  remains  unaltered,  and  may  be  regarded  as  a  simple  substance ;  but  any 
other  transformations  must  affect  the  radicle  itself,  and  to  indicate  these,  the  formula  of 
acetyl  must  be  resolved  into  others,  in  the  manner  above  mentioned,  the  acetyl  then 
appearing  as  a  coi\jugate  instead  of  as  a  simple  radicle.  (See  CLASsmciLTiON,  L  1017.) 
Considered  in  this  light,  conjugate  radicles  are  merely  modes  of  expression  adopted 
for  convenience;  and  it  is  easy  to  show  that  by  the  extensions  of  the  typical  mode  of 
representation  of  chemical  compounds  which  have  come  into  use  since  the  publication 
of  Gerhardt's  work,  the  use  of  conjugate  radicles  may  be  dispensed  with  altogether 
(see  Ttpbs).  For  example,  G^hardt  represents  the  amic  adds  as  containing  radicles 
of  this  class,  and  refers  them  to  the  type  HK) ;  thus  — 

Type.  Carbamic  acid.  Oxamie  add. 

NH.|o  NH'CCOrjo  NH.(CWTjo; 

but  they  may  alio  be  referred  to  the  mixed  type  Qjjtf  •  ^^  ^en  the  coi\jugate  radicles 
may  be  broken  up :  thus  — 

Tjrpe.  Carbamfc  acid.  Oxamic  acid. 

I|n  M[n  IfN 

Hi"  n  J  H   J 

In  like  manner,  many  sulpho-acids,  supposed  by  Gerhardt  to  contain  conjugate 
radicles,  because  they  were  referred  to  the  typo  IPO,  may  be  regarded  as  derived  from 

the  mixed  type  5,    [and  as  containing  simple  radicles,  <•.</. : 

Typca.  Sulphurous  acid.  Methyl-sulphuroui  SulphophenjUc 

acid.  acid. 

g[0  CH'(SO»)jo  C«H"(SO')jo 

H  H  CH'  C«H» 

!|o       T>      ^'^(0       (-^lo 

The  same  mode  of  representation  may  be  applied  to  the  acid  ethers  of  dibasic  iicids. 
If  they  are  referred  to  the  type  H*0,  they  must  be  supposed  to  contain  coryugate 

radicles : 

_  Ethyl-sulphuric  or  Phenjrl-sulphuric  or 

Type.  Sulphotinic  acid.  SulphocarboUc  acid. 

H|q  C«H\SO«)0|o  C-H»(SO«)0)q 

but  by  referring  them  to  the  type  n*0«,  they  appear  as  acid  salts  exactly  analogous  to 
acid  sulphate  of  potassium : 

Typ-.  Sulphuric  acid.  Elhyl-iulphurlc  acid.  Phenyl-sulphuric  acid. 

(SO')" 
H 
These  examples  are  sufficient  to  show  that  the  transformations  of  any  compound  so 
fiir  as  they  are  known,  may  be  represented  by  typical  formula  without  the  assumption 
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C«H' 
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^ 


iwKclflfc  StUI  the  use  of  ihcs^  rudid«  is  dtcn  eonTenienii  iiumniicli  m 
tjrpioAl  formuke  of  CH^mpamtivclj  simple  fltractoMk  and  siicli  as  biixig  prcK 
*         '      &  certain  »et  of  rcuetioDs,  which  nuLj  be  tlie  Mipufial  ol|jcct  of  eovi- 

Bbt  it  applies  eqmUj  veil  to  all  classes  of  oompoundii  eiEeepliiig  of  ooimo 
ana  the  eompoimds  to  which  the  term  coij^^le  hsa  iwea  and  still 


most  frequently  applied^  ax«  not  diatingaaflbed  bj  anj  eaaentaal 
«iiancteri  from  thoae  which  aro  cammonly  assunied  to  be  of  simple  eomtitstioii. 

We  mast  not,  howt^TeTf  omit  to  notice  that  there  are  a  lew  eaamouid%  pradoced  by 
the  action  of  sulphuric  add  on  organic  bodiee, —  the  vezy  Hiw>  mdeed,  to  which  the 
term  conjugate  was  originallj  appH«»d, —  which  are  ttill  rappoaad,  bj  some  ehemiatfl^ 
ti>  powpnat  pecub'ar  properti«fi  ea titling  them  to  the  name. 
One  characteristic  of  a  true  c^oiyugated  add,  ia  aaid  to  be  the  eompanliTaly  giostpp 
mmanrn  of  the  compound  radido  which  it  contatna*  and  tha  power  pooaeeeed  by 
i  ladiele  of  passing  tnim  one  type  to  another  without  deeompoaitioo.  Thua,  solpho- 
f  hwj  lie  aeid  is  transibniied  by  pcntachloride  of  phoqihoraa  into  chlocida  ef  snlpho^ 
flMoyl,  and  this,  by  the  action  of  ammonia,  into  sdfbofhcojiamide : 

BolplMiihenjIle  Chloride  of  ampbnelwyiU 

Mod.  iiilpliopbtiajL  aiM«. 

C-H-CSOpjo  c-mSO'lCl  *^T|k 

Hare  the  radiele  CIP^SO*),  which  ia  found  in  idl  the  three  compounds,  is  aaid 
conjugated*     The  formation  of  the  chle'inde  &om  the  add  may,  howeret;  be  aho" 
take  place  quite  in  the  itHual  wuy^  without  assuming  any  peenhar  fixity  ui  this 
The  action  of  chloride  of  phoephoms  on  adds  and  other  oxides  is  known  to 


the  replacement  of  0,  in  the  type  H*0,  by  Cl'»  the  reemlt  being  the  formation  of  two 
epanite  chlorides,  becuuse  the  bond  which  held  together  the  two  atoms  of  hydrogen, 


or  their  equivalents  in  the  type  H'O,  is  broken  up :  thus. 


H[^   .     Ha 

hJO  givea  g^; 


C*H»0 
H 


i° 


giTea 


HCl     • 


In  like  mimner,  if  we  represent  snlphophenylie  add  by  a  formula  modelled  on  the 
mixed  type  ttj    [,we  find  that 

SulphciphaojUc  Chloride  of 

aclid.  lUlpbopbPDfL 

cm*  c»H* 

The  chloride  belongs  to  the  tainted  typo  5^1 1*  *^^  ^'"^  molecules  H*  and  HCl  being 

held  together  by  the  radide  ^0',  jnst  as  the  two  tnolecnlca  H^  and  H^  were  in  the 
original  add. 

In  fact,  chloride  of  snlphophenyl  is  related  tn  snlphopbenylic  add  in  exactly  the 
same  manner  as  chlorbydroeulphnric  add  (SO^HCI)^  the  compound  formed  by  the 
action  of  pentochlorido  of  phosphorus  on  sulphuric  add*  ia  related  to  that  add : 


Tnw- 


l\o 


ill 


21° 


Sutphurlc 

(SOT 

H  r> 


TjK, 

H 

JH 

ma 


Cblorlifdro- 
ialpbinic 


(SO^ 


? 


^JT^*       pbenyUeacliI, 


n 


(SO*)^ 
H 


!» 


Type* 
K 


Chloride  of 
■alphoplienjrL 

(SO«)'',Gl 


If  snlphopbenylic  odd  is  to  be  regarded  as  conjugated,  on  account  of  tiie  formation 
of  chlondo  of  Bulphophenrli  sulphuric  acid  ought  likewise  to  be  regarded  aa  a  coiyu- 
^Led  add,  on  account  of  the  formation  of  chlorhydrofulpharic  add : 

Sulphurk  acid.  Sulphopbenyllc  meldt 

Odorhydroealphanc  add  would  then  be  regarded  as  the  chlonde  of  the  some  radicle, 
namely,  H(S0^0.C1 ;  in  fact,  when  treated  with  water,  it  reproduct»s  enlphuric  add, 
just  aa  diloride  of  solphophenyl  reproduces  sulphophenjlic  acid.     ( K  e  k  u  1  <&.) 

Another  class  of  adds  to  which  the  term  conjugate  is  stiU  sometimes  applied^  in- 
cludea  those  whidi  resolt  from  a  pecuUjir  action  of  sulphuric  add,  espedally  of  the 
fuming  add,  on  certain  organic  bodieft, — the  change  consisting  in  the  abstracliou  of  an 
iktom  of  hydrogen  from  the  radicle  of  the  oompoondr  which  radide  accordingly  under^ 
goea  an  attemdon  of  atomidty,  becoming,  far  example,  diatomic  instead  of  monatomic 
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II 


Thm  chanf^e  may,  hawover,  be  easily  represonted  by  tneatis  of  mixed  tjpes,  as  in  the 
following  fonuuJiG  cf  sulphacetlc  iluJ  Biilphobeaxoic  acids  : 


HI" 


Acuik"  acid, 
Sulphacotlc  Add. 

(so>)"S 


nenxoUr  acid, 
StilphobcDxolc  acid. 


O 


These  siilpho- acids  are  fonnod  from  acpdc  and  benzoic  acid  in  th<5  eamo  manaer  as 
(Cm*)  »q  C'H*) 

1  acid,   (SO*)"  {     ,  from  alcohol,       „  [  0,.     Now  this  last  acid  may  be  formed 
H*  Jo  ^>     * 

(CTITlo 
the  action  of  boiling  water  on  lulpbate  of  cirbyl,  C*H*SK)^  or   (SO*)"!     ,  which  is 

(80')")  O 
t'lf  a  product  of  the  action  of  snlphtiric  anhydride  npon  ethylene  CH**    In  this  laat 
'n  of  fbirmation  there  in  no  alteration  of  the  radide ;  consoquentlj^  if  sueh  altenitioD 
I  flttpposed  to  necessitate  the  representation  of  the  resulting  compouad  by  a  formula 

atauung  a  conjugate  ladide^  e,  g.  sulpbaeetic  acid,  by  ^     ^i)  0,iuidisethionic 

ad,  by  ^     Tf  [  O,  it  woold  follow  that  th*?  Last-mentioned  acid  might  be  regarded 

I  corrugated  or  noa-co&jugated,  according  as  it  waa  formed  from  alcohol  or  from 
Bttlefiant  giu. 

Fium  all  theee  consideratioDs  it  follows  that  there  is  qo  case  in  which  the  use  of 

on  jugate  radicles  is  a  matter  of  necessity,  the  use  of  a  radicle  or  of  a  type  of  greater 

r  few  oomplexity  being  in  all  cases  a  matter  of  convenience,  and  dfttermiued  by  the 

^particDlar  kind  of  chemical  tnunformation  which  the  formula  is  intended  to  represent. 

It  would  be  well,  therefoire,  if  the  idea  of  cor^j ligation,  as  denoting  any  peculiar  mode 

of  chemieal  oombinationf  were  altogether  banished  from  the    edence  (Kekul^ 

LtMuck  ier  Orffamschen  Cherme^  1859»  i  lfl2).^0n  the  history  of  conjugiite  com* 

,  see  also  Limpricht  and  v.  Ualar,  Ann*  Clu  Pharm,  cii.  139;  Mendias, 

'  89;Kekul6,  ihid.  cij.  129;  cvi,  129 j  Limpricht,  Md.  dv.    177);  also 

I  Cu^ssimckTioN^  Radwulb,  SuBSTrrtrrioN,  and  Ttpes,  in  this  Dictionary. 

TiB&lflS.      BiitdfjfefDfbc,— This  term  is   applied   to  a  tissue 

hemically  allied   to   rartilsjge,  though  of  a  simpler  character,  and  oompriaes,  not 

terely  the  porons  solt  cellular  eubetance,  characterised  by  the  readiness  with  which 

may  be  filled  with  air,  which  eonneets  together  the  Tarions  oi^ns  und  tissues  of 

I  aoimml  organiBm,  and  was  fbrmerly  called  o^tdar  HMue^  btti  also  those  morpho- 

EicaA  elAments  which  constitute  the  solid  basis  of  many  of  the  animal  membranes 

liinenta.     Th^  tissue  which  connects  the  organs  one  with  anoth<»r,  forming  a 

:  of  variously  sized  meshes  composed  of  long  e lender  fibres  (of  0i>003^0*0006"* 

er),  for  the  most  part  united  iu  bundles,  is  ctillpd  am/frphous  (Henle),  or  ioote, 

^  ooimtctive  tissut  (K o  Hike r).     This  tissue  gradually  passes  into  a  more  solid 

r  dbtineiiiBhed  by  t he  e pi thet  formed  (Henle),  or  compact  ( K o  1 1  i k e r] ,  which 

I  the  ba«s  of  the  tendons  and  ligaments,  the  fibrous  membranes  and  muscular 

Bi  the  envelopes  of  many  soft,  ni^ans  (the  dura  mntfr,  nfttroUmma,  &c.),  the  serous 

I  synorial  membranes,  the  coats  of  the  veins,  the  soH?alled  vascular  membranes,  {pia 

atrr,  cAoroHdmt  Stc),  the  interarticular  cartilagea*  &c. 

The  true  connective  tissue  is,  however,  constantly  mixed  with  vcasels,  nerves,  fut-celK 

*  r  fibres,  and  frequently  also  with  unstriped  muflcular  fibres,  which  cannot  be 

lljr  separated  from  it,  so  that  its  chemical  examination  is  a  matter  of  some 

Htj ;  but  &om  the  analysis  of  those  organs,  such  aa  the  tendons,  in  which  it  is 

red  with  the  smallest  amount  of  these  morpbolagical  elements,  it  appears  to  be 

entical  in  eompoeition  with  gelatin. 

Connective  tissue  immersed  in  boiling  itntter  contracts  eoroowhat  at.  fir^,  but  soon 
rella  np  like  a  jelly,  and  dissolves  on  prolonged  boiling,  yielding  a  solution  of  gelatin, 
r  the  water  contains  an  acid  or  alkali  in  solution^  the  trans formallon  is  eflFected  mudi 
ore  quickly. 

The  change  which  here  takes  place  is  rather  physical  than  ehemical  r  for  the  con- 
nective,^ And  indeed  all  the  gt  lutinising  tissues,  appear  to  htiVQ  essentially  the  same 
litioa  aa  gelatin  itstdf,  as  may  be  seen  from  the  following  analyses  by  Scheie r 
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CON NELLITE.— CONTACT  ACTION, 


Scberffr. 

Mulder. 

IfinilKM. 

Tendrai, 

Si:lerotica. 

StAg'*  ht>rD>  tiiD^taci 

50567 

50774      49-563 

50'996 

6006       60-76 

6  903 

7 '152         7-148 

7075 

6-64         6-64 

18790 

18  230       18-470 

18-723 

18-39       18-31 

23-570 

23754       24-81  & 

23-207 

24-92       24-29 

(Ann,  Ch,  Phann.  bt.  46-49)  and  MuMer  ( Vers,  einer  (dlgem.  phi/mol.  Chem.  Sraun- 
stvbweig,  1844—61,  p.  333.) 


Carbon  .  , 

Hydrogen  » 

NitnigeD  . 

Oitjgcn .  * 

In  concentrated  aeetic  acid  connective  tissme  swells  op  and  becomia  transparent,  bnt 
doos  not  dissolve  till  WAter  is  udded  and  heat  upplied.  The  ac<?tic  solution  is  not  pr«- 
cipitated  either  by  red  or  by  yellow  pmssinte.  In  dilute  acetic  acid»  the  fibres  of 
connective  tisano  likewise  swell  up,  becoming  trunsparenfc  and  inTiaible,  but  do  uot 
dissolve,  evfu  after  several  hours'  boiling  ;  for  on  washing  with  pure  water,  or  neuttid- 
itttBg  the  acid  with  ammonia,  thoj  reappear  in  their  original  fonn.  As  most  of  tho 
other  textnral  elements  which  are  intermixed  with  the  connective  tiKsue  are  not 
rendered  invisible  by  acetic  acid,  they  are  brought  more  distinctly  into  view  by  its 
application  :  hunce  this  acid  affords  valuable  iiid  in  the  histcdo^eal  study  of  tho  tii^aiiea. 
In  alkalis  the  tlbroa  also  swell  up  in  the  gehitinoua  form,  hut  if  the  action  of  the  aOciili 
has  been  continued  for  some  time,  they  do  not  reappear  on  addition  of  water^  but  are 
thnrrby  dissolved. 

EmbrjonicconnectivG  tissue  (Virchow's  inucom  tisau4>)  does  not  yield  Rclatiii 
when  boiled  with  water,  (Seherer);  it  ei>nsii^t5,  in  addition  to  fiisiform  cells,  of  a 
peculiar  intereelluhir  substance,  which,  when  digested  with  water,  yiehis  albumin 
together  with  a  gelatinous  ormacotis  fiubfitonce.  {Lehmann's  Ph^tioioffical  Chemistry^ 
iii.  46  ;  Gnhttm*^  HandbucK  viiL  [2]  457). 

COnVEUUnib  A  Cornish  mineral,  coniiatiiig  of  coprio  ehloridep  «nlphato,  and 
water,  foraiing  small  fibrous  ctyet^,  belonging  to  the  hexagonal  systeia,  translucent, 
of  blue  colour  and  ghissy  lustre,  insoluble  in  wat«ipj  easily  solnblo  in  hydrocldoric  and 
nitrio  acid«.     (Ooiinell,  J*  pn  Chem.  xliL  453.) 

COWT&CT  AITTZOW.  Catah/tii.^  action,  Catali/sis.  These  terms  are  applied  to 
a  numerous  class  of  chemical  actions,  in  which  the  combination  of  two  Ijodies,  or  the 
«lecom[Kjsitiou  of  a  compound^  is  brought  about  by  tho  intervention  of  a  fiubstance 
which  shows  no  tendency  to  unile  with  either  of  the  bodies  concerned,  and  renudna 
unaffected  by  the  ehiinges  which  take  phice.  Bcrzelius,  who  flj^t  drew  attention  lo 
this  class  of  actions,  supposed  that  Bub«t!iQCPS  acting  in  this  manner  possessed  a  pocu- 
bar  power  which  he  called  '* catalytic  force  "  (from  KaraXmuf^  to  reaolve);  ho 
regarded  this  power  as  a  manifeBtatiou  of  electric  force^  diflferent,  however,  from  the 
ordinary  action  of  electricity.  Mitscherlich  designates  subBtances  thus  acting  **con* 
tact  Bub stances,"  and  the  mode  of  action,  as  chemical  action  or  combination  by 
contact. 

Examples  of  these  contact  actions  are  found  both  in  inoiganic  and  in  organic 
chemistry;  e.  t/,  the  action  of  platinum  and  other  metsils  in  inducing  the  combination 
of  oxygen  and  hydrogen ;  the  rapid  decomposition  of  peroxide  of  hydrogen  by  the 
presence  of  platinum,  silver,  fibrin,  &e. ;  the  conversion  of  starch  into  dextrin  and 
sugar  by  boiling  with  acidulated  water;  the  conversion  of  cane-sugar  into  gnipe-sugar 
by  contact  with  acids  ;  and  the  numerous  and  varied  phenomena  of  fermentation  sjid 
putrefaction, 

Tho  eooiiection  between  these  somewhat  obsenro  phenomena  and  those  of  ordinary 
chemical  action,  is  perhaps  to  be  found  in  the  idea  suggested  hy  Benselius,  that  they 
axe  due  to  »ome  modification  of  the  eJectric  state  of  tho  bodies,  or,  to  spenk  more 
generally,  to  a  pohmftatiorf  of  the  combining  or  separating  atoms  induced  by  the  pr*'- 
sencii  of  the  apparently  inactive  body.  Take,  for  eitimple,  the  action  of  platinum  in 
inducing  the  combination  of  oxygen  and  hydrogen.  Wo  know  from  the  effi^ets  of 
Grove's  Ka^-battery  (aeo  ELEGTmcnr),  that  when  two  glass  tubes  containing  oxygen 
and  hydrc^cn  re^pc-ctively  are  inverted  over  witter,  and  platinum  plates  immersed  in 
them,  partly  io  the  gas  and  partly  in  the  water,  tho  plates  being  also  connected  by  a 
wire  outside  the  tubes^  the  gases  gradually  disappear,  and  a  voltaic  circuit  is  formed, 
in  which  the  platinum  immersed  in  the  hydrogen  eorresponda  to  the  positive  or  zinc 
tolate  of  the  ordinary  batter)^  This  effect  indicates  a  nolarisation  of  the  molecules  of 
hydrogen,  oxygen,  and  platinum,  such  as  is  represented  in  the  following  diagram  ; 

R  H        0  Ft 

-  +  -    + 

Now  it  is  highly  probable  that  a  similar  polarisation  and  consequent  combination  of 
the  ox^en  ana  hydrogen  takes  place  when  a  clean  platinum  plate  or  wire,  or  finely 
dividod  phitinnm,  is  introduced  into  a  mixture  of  those  g&ses,  the  eflfect  of  the  metal 
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being  due  to  the  fucilitf  witli  whieh  its  contiguous  particles  plaeo  tliempelrra  in  oppo- 
site electrical  or  polar  stut^is.  Tho  peculiar  efficacy  of  platinum  in  bringing  about  such 
rombiiiationa,  appears  to  be  related  to  its  medimn  position  in  the  plfictrical  or  chemical 
Belies !  w«  know,  indeed,  from  the  purt^ly  dieinioal  relations  of  platinum,  that  it  i« 
almost  eqoallj  disposed  to  play  tho  part  either  of  a  chlorous  or  iicid,  or  of  a  po«itiTO 
or  httsylous  element.  The  more  eseigetic  action  of  the  finely-divided  metal  \b  of  course 
flue  to  it«  larger  surface,  &nd  to  the  power  which  such  bodies  post^ess  of  coodeusing 
giifips  within  their  poresL  The  deoompontioii  of  peroxide  of  hydrogen^  by  contact  with 
platinum  and  other  metal^  may  be  supposed  to  t4ike  place  in  a  ^milar  manner. 

The  polarised  state  to  which  we  hare  attributed  the  action  of  platinum  in  thesfl 
coses  is  by  no  means  an  isolated  con^lition,  but  one  which  perradea  the  whole  range  of 
chemical  phenomeina.  That  the  whole  of  the  molecules  comixising  a  Toltaic  circuit 
may  be  regaided  as  polarised,  was  pointed  out  many  years  ago  by  Grab  am  {EUmmfs 
^J  Chemigtry^  Ist  ed^  1841) ;  ana  that  a  similar  pohm&ed  state  comes  into  play 
In  ordinary  cases  of  chemical  action,  and  may  serre  to  ac'count  for  many  phenomena 
Usually  regarded  as  pomewhat  obscure, —  Buch  iia  the  peculiar  energy  of  tM>dies  in  the 
fio-calicd  nascent  Btat<*, —  the  decomposition  of  peroxide  of  hydrogen  by  certain  metalH<i 
oxides,  which  are  themselTCs  at  the  same  time  reduced  to  a  lower  bIoXq  of  oxidation —  the 

+  —  +  —  -^  ^  —  ♦ 
reaction  between  hydrochloric  acid  and  hydride  of  copper  (Cu'H  +  HCl  =  Cu*Cl  +  HH) — 
the  mutual  decompoaition  of  hydriodic  and  iodic  acids^ — and  many  similar  phenomena, 
^-  was  shown  by  Brodie  in  bis  paper  *^  On  the  condition  of  certain  elements  at  the 
moment  of  chemical  charge  "  (Phil.  Trans.  1850,  p.  759) ;  see  also  Chkkicai*  ArrmiTY 
(}.  858).  When,  therefore,  we  refer  the  action  of  platinuin  and  other  metals  to  chemical 
or  electrical  polarity,  we  merely  point  out  that  these  phenomena  may  be  regarded  ai* 
particular  cases  of  a  recognised  mode  of  action.  Whether  the  so-called  contact  actions 
which  are  so  freqnently  observed  in  organic  chemistry,  such  as  the  action  of  ferments, 
and  the  conTcrsion  ot  starch  into  sugar  by  the  action  of  acids,  can  be  explaiuc<l  iu  a 
similar  mannerf  is  a  question  which  does  not  at  present  admit  of  a  decided  answer. 
(See  a  paper  by  Dr.  T.  L.  Phipson :  La  Force  catal^ftique  ou  Uudcs  aur  ks  Phhio- 
Mhtu  de  CmiacC     Haarlem,  18S8.) 

It  not  uiifreqoicntly  happens  that  reactions  uro  effi^ted  with  case  by  using  a  con- 
tidRmble  excess  of  one  of  the  reagents,  which  can  be  brought  about  only  -ft^ith  difficulty, 
or  not  at  alL  by  using  only  as  much  of  the  reagent  in  question  as  actually  takes  part 
in  the  chemical  change.  These  reactions  may  reasonably  be  regarded  as  a  special 
rl»»s  of  contact  actionis  tho  excess  of  the  reagent  facilitating  tho  action  of  that  portion 
which  takes  part  in  the  reaction^  in  much  the  same  way  ss  in  other  cases,  the  •*  conUu^U 
auhnimtc*''*  promotes  the  action  of  a  body  cbemicAUy  different  from  itself.  Thti  most 
probable  explanation  that  has  hitherto  been  sji^ipeHted  of  this  action  of  (hf  ma«4  of 
m  reagent,  and  of  catalytic  actions  in  general,  is  that  the  eontaet-suljst^mce  ai<sists  the 
reaction,  by  exerting  its  affinity  in  the  same  direction  as  the  bodies  stnTing  to  rewet 
mptm  another,  but  under  such  conditions  that  it  cannot  itself  undergo  alteration.  This 
1  mode  of  action  will  bo  made  more  easiJy  intelligible  by  an  example :  if  oxalic 
[  is  heated  with  nitric  acid  until  it  begins  to  he  oxidised,  and  water  is  then  added 
V  Bubctnre  until  the  action  ceases,  the  oxidation  immediately  begins  again  on  thu 
I  of  a  small  quantify  of  a  protosalt  of  mojijianese  (]il  ercer).  In  this  int*tiTince, 
f  tiha  tetkdencj  of  the  manganous  salt  to  become  a  manganic  salt,  acts  in  the  same  direction 
^  as  the  attraction  of  tho  elements  of  the  oxalic  acid  for  the  oxygen  of  tlie  nitric  acid, 
rhich  is  thna  decomposed  under  the  influence  of  both  substances  acting  together,  under 
I  eircumatatieea  in  which  it  would  not  have  been  decom]x>i!ied  by  either  alone ;  a  scaquj- 
salt  <Kf  mttlig^eae  being,  however,  incapable  of  existing  in  an  acid  stjlution  containing 
^  He  arid,  the  protopalt  of  manganese  remains  unchanged,  although  aiding  by  ita 
nee  to  bring  about  the  reaction.  This  mode  of  explaining  many  cases  of  tto-called 
l.Qifx!QntacV  was  Hret  suggested  by  Mercer  (Brit.  Assoc.  Rep.  1842,  Vi^h  ix.  Notices 
Picts,  p.  32);  it  was  further  devi  loped  by  PI  ay  fair  (Mem.  and  Proc.  Chem. 
Jf)  iii  348),  and  is  applied  by  K  e  k ii  U  (Lehrb,  d.  Org.  Chcm.  i.  142.  note)  to 
ation  not  only  of  such  phenotnena,  but,  in  the  way  indicated  aboTc,  to 
only  referred  to  the  action  ef  mats. 

XTiftW^W''**"'-    A  substance  produced  by  the  action  of  acids  and 
{ilkalis  on  convalianiarin.     It  separates  from  the  liquid  iu  dTStaMine  ^langlea,  calcM 
her  intn  n  resinous  mass  ^n  Ixjiling,  molts  when  heated  olone^  and  decomposes  by 
'  distilktion.     (Wala.) 

O^yyv/ML^AfltAHi^^*-     A  bitter  substauce  contained,  t4>gethcr  with  conTallarin, 

:  in   i\>nvaUi\rUi  ihnj^tH.-i  (Solomon's  s^alK     It  is  obtainiHl  by  diluting  and  filtering  thtj 

Tni»tlief-liquor  fn>m  which  the  convalhirin  hoi*  sojiarutcil,  tlien  (hgc^ting  with   *"»i"^^ 

rliareoal,  precipitating  with  tannic  odd,  and  separating  the  tannic  acid  withojtidoof  lead 
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ConvaHnmarin  «  &  white  powder,  bsving  a  bitter  taate,  with  peculiar  swcetisti  i 

Bie,  eaiiilx  soluble  in  wat«!r  and  alcohol,  neiirlj  insoluble  in  etlier.    Bjr  hetttang  tJi* ' 

ftqaeons  ttolutioti  with  dOate  sulphuric  acid^  the  conTallamarin  is  resolTed  into  fugar; 

water,  and  convallamaretin*    Nitric  acid  colours  con  vail  amariQ  ydlow ;  strong  Bulphorie 

ucid  colouTB  it  Tiolet,  but  the  colour  disiMiean  on  dilution.    Alkalis  decompoeet  it, 

with  aepuration  of  coQTuUatnaretin.     (Wafs.) 

OO WA.ZiXiASXTXV«     6ce  OoNYAUASrif* 


C  Oinr/i  TiTi  ft  "PT  A  ■  Tbo  flowers  of  Cfmvaliaria  fnqfalu  (Solomon's  seal)  jityld, 
by  dbtiMiitioo  with  water,  a  small  quantity  of  a  rolatile,  cryataUiae,  stroog-emelling 
ttunphoroidul  substance,  and  a  bitter  principle  (Herberger).  Wala  (N.  JohrU 
PhiLnzi.  18d8f  X.  14o)  hoa  obtained  from  thu  plant  two  compounda,  naoHsd  cou- 
vallarin  and  convallaniarin. 

In  the  herb  and  stalks  of  lily  of  the  vall<^y,  CanvaUaria  muUifiorfL,  Wa]«  fitubt 
aiptLni|;in,  starcli^  sugar,  citric  acid,  malic  acid|  and  a  cryfltaliisable  aubslanco  which 
produces  a  Keratdiing  si^Dsation  in  the  tbroat, 

frftlfV  A  JmTi  ft  BTTT  ■  A  substanco  contaiQCMl  in  Convallaria  mtffatis,  Th^  plant, 
collected  during  op  after  the  flowering  time,  is  dried,  piilvcriaed,  and  exhausted  with 
alcohol  of  0-84 ;  tlw  tincture  is  precipitated  with  subacetatc  of  lead;  the  k^nd  removed 
from  the  filtrate  by  sulphuretted  hydrogen;  and  the  cryatala  of  convallarin,  which 
scpjirnto  on  evaporationn  are  purified  by  washing  with  ether. 

ConTidJarui  is  composed,  according  to  Walz,  of  C**H^O^^;  it  crystalliseB  in  right 
rectangular  prisma,  is  sparingly  soluble  in  water,  to  whit^h  it  imparts  an  irritating 
taste,  mid  the  property  of  fejthing  when  agitated.  By  prolonged  boiling  with  ueidw,  it 
is  said  to  yield  BUgar  andconvallaretin,  C^H*  0",  a  y  ello  wish  -white  ciy  stalline  ma8% 
soluble  in  ethcTi  and  haring  a  sligbt  ri^inous  taste. 

GOWOK17UKIC  A^CIII.  An  acid  formed  from  conTolTulin,  uiid«^r  ih^  inAuenca 
of  bnscft,  by  nddition  of  tJio  clementa  of  water.  It  was  first  obtained  by  Kaiser  (Ann. 
CIl  Pharnu  li.  30),  who  culled  ithydro-rhodcoretin,  and  assigned  to  it  the  formula 
C^'IP'O^^  afterwards  more  fully  examined  by  Mayer  {ibid,  Lxixiii  126  :  xcv.  162X  who 
gave  it  the  name  rhodeo relic  acid^  and  regarded  it  as  a  dibasic  acid,  C**H**0'MI\ 
or  €^1^*0^*2110 ;  subsequently,  however^  he  has  considered  it  as  a  tri basic  acid^ 
with  the  formula  C*H^O^.^Hd  (or  sexbasic,  according  to  the  formula  C*^H"»0**.H*> 

ConTohidic  acid  is  prepared  by  boiling  100  grammes  of  convolvulin  in  500  gmie,  of 
liaryta-wftter  with  frequent  agitation ;  precipitating  the  bajyta,  i^ftejr  cotdinp,  with  a 
fili^iit  excess  of  sulphuric  acid;  then  remoring  the  excess  of  sulphuric  acid  by  ogitation 
with  carb3uate  of  lead ;  precipitating  the  dissolved  lead  by  snlphuretted  hydrogen, 
and  evapomting  the  filtrate  on  the  water-bath. 

Convolvulic  acid  is  a  white,  Tcry  hygrometric  substanccv  pesemhliog  conrolrulin  in 
appearance,  soluble  in  all  proportions  in  water  and  in  alcohol^  insoluble  in  ether,  The 
aciucouH  solution  has  a  strong  acid  reaction,  nnd  a  very  faint  odour  like  that  of  quinces. 
It  sofl^na  at  a  few  degrees  above  100^  C,  melts  between  100°  nnd  120^,  and  dfioompoaaa 
at  higher  tempt£rat4irti». 

It  contains^  aooprditig  to  tba  mean  of  Mayei^B  analyaw,  52*60  per  cent,  carbon  and 
7  81  hyflrogen,  wbenco  Mayer  deduces  the  formula  (?'B**0^  (5 2' 8  per  cent*  G,  and  7*6  O), 
representing  the  acid  as  couTolvulin,  pfus  8  at.  water.  This  formula  is,  howcTer,  im- 
probable, on  aeccmut  of  the  uneven  numbers  of  atoms  of  liydrogen  and  oxygen. 

OjijvoIvuIjc  acid  reacts  like  convolndin  with  acetic,  nitric,  and  strong  sulphuric  acid. 
By  Ijtiiling  with  dilute  sulphuric  or  hydrochloric  ucid,  it  in  resolved  into  convolvnlinoUc 
acid  and  glucose ;  the  same  effect  is  produced  by  cinulain : 

ConTolvuVic  acid  expels  carbonic  acid  from  olkulinc  and  earthy  capbonnfes,  cjipedally 
with  the  aid  of  htaX.  The  aqueoiufi  solution  of  the  acid,  eitbeir  frta  or  after  neutralis- 
ation with  ammonin,  does  not  precipitate  the  solution  of  any  neutral  metallic  «alt ;  but 
with  basic  acetate  of  lead*  it  yields  whit«  balky  flakes. 

The  acid,  boiled  with  excess  of  haryta-watfr,  yielda  a  no-called  neutral  salt, 
O^Ii^^Ba^V^i?},  while  if  the  add  in  in  excess^  an  acid  salt,  O^ff^BaCP^  (?),  is  obtained. 
Botli  salts  arc  amorphous,  diaphanous,  brittle,  bittej,  with  an  odonr  of  quinces,  Tery 
soluble  in  water  and  aleohot  melt  between  100^^  and  110^  C.  A  caieimn-MUt 
C^H^^C€^(^  i?\  obtained  by  boiling  the  acid  with  milk  of  lime,  is  amorphoua; 
elightly  yellowish  :  its  aqueous  solution  has  a  faint  odour  of  quinces. 

An  ttad  jtotagjsivm-salt,  containing  5  05  percent,  pcvtash,  is  obtjuned  by  saturating  the 
acid  with  |.KiLaith,  evaporating  to  drync*H  and  rcdisiwDlving  in  alcohol.  It  i»amorphouA, 
Tery  soluble  in  water,  sparingly  in  alcoliol.  The aqueoua  aolution  i,H  bitter,  and  has  the 
odour  of  quinces.     Thici  salt  mel  is  between  1 OQ^  and  110^  C.    (M  ay  er. ) 
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OOWOlWXXir.  A  reain  contained  in  the  tubeitwe  or  officinal  jalap-root  (the 
ilbome  of  Cont*ohntlu^  Suhndunu^,  Z  ticc).  According  to  Maj  cr'  s  luMt  inrcstigiitioiia 
kAnn.  Ck  Phunn,  xcj.  161),  it  contiiins  C""H*"0'*  or  CB^O»»,  md  is  homologoua 
ith  jalapin,  th«  resin  of  fusiform  jaJap  {Cf/nwtvidus  oH^abenms^  Pell)*  [It  may 
» inferred  from  Mayer's  eiperimenta,  tliough  the  fact  is  not  distinctly  atated,  that  oon- 
Dimiiji  and  jalapin  exist  togttber  in  both  kinds  of  jalap-root,  the  convolnilin  being 
ore  abimdant  in  the  tuberoae,  the  latter  in  the  fnaiform  Bpecics.]  Mayer  formerly 
aed  it  as  C^B^O**  +  BO;  Kayaer  (Zo<f.  dt)  as  C**B^O^;  Latirent  as  C^B'^CP*, 

ConyolToHii  ii  prepared  from  the  root  of  Contjoltntiut  ScAiedan tu  by  eixbaiiating  the 
ot  with  boiling  water ;  drying,  and  coarsw'ly  pulverising  it ;  then  treating?  it  three 
^witb  twice  ita  weight  of  aJcobol  of  9U  per  cent. ;  mixing  the  alcoholic  extniet 
'  tin  it  hegJM  to  show  turbidity ;  then  treating  the  liquid  tv^iee  with  animal 
distilling  the  alcohol  from  the  filtrate ;  repeatedly  treating  the  rmdual  pul- 
sein  (amonntingto  between  ID  and  15  per  cent  of  the  root)  with  ether;  dia- 
J  the  residue  in  the  smallest  potiHible  quotitity  of  absolute  alcohol ;  preeipitating 
ith  ether;  and  repeating  the  solution  and  precipitation  till  the  precipitate  w  qiute 
\  from  the  portion  of  £e  crude  resin  whicE  is  soluble  in  ether.  The  residue  ulti- 
tely  obtained  is  pore  eoiiTolrulirL 
ConTolmlin  is  a  coloorless  transparent  reain,  wbicb,  when  pulTerised,  yields  a  white 
'  like  gum  arabie.  It  is  tasteless  and  inodorona,  nearly  ini»uluble  in  water, 
soluble  in  alcohol,  but  indoluble  in  ether*  whereby  it  is  diatinguished  from 

rtn;   the  alcoholic  solution  bas  a  slight  acid  reaction*     The  resin  melts  below 
C.  when  moist ;  but  in  the  dry  state  it  softens  only  at  14  P,  and  tmylts  at  150° 
a  light  yellow  transparent  liquid;   aboTC  165"^    it  begins  to  decompose.     When 
ed  in  the  air  on  platinum  foil,  it  bums  with  a.  smoky  flame,  diflusiug  un  odour  like 
i  of  carameL 
CbsTolrulin,  dried  at  ISO^  C,  contaiiLa»  acoording  to  Mayer's  analysis,  fVom  fil'21  to 
pfi'Ol  per  cent  carbon,   and  7 '89  to  8*07  hydrogen ;  the  formda,  C«H*«0",  requires 
^  1*97  C  and  7  37  H. 
Finely  divided  conTolvuKn  dissolves  in  aqneous  alkalis  even  in  the  cold,  more 
laily  when  heated,  and  is  converted  into  convolvulie  acid     It  dissolves  also  in  aeetic 
cid.     Very  dilute  nitric  acid  dissolvea  it  slowly  in  the  cold,  more  rciidily  when  healed, 
at  with  decomposition.    Stronger  nitric  acid  decomposes  it  immediately*  with  evolution 
r  nitrous  acid  and  formation  of  oxalic  acid  and  ipomeeic  acid,  an  isomer  of  sebacio 

(C"H"0*). 
Coovolvuiin  dissolved  in  alcohol  is  resolved  by  hydrachloiic  acid  into  oonTolTulinoHc 

2C?«'H«0'*  +  11H*0  =  C"H*«0^  +  6C«H«0*, 
CoovoJruUn.  Gootolrulln(»lic       Gtacoio. 

acid. 

DTolTniin  is  not  affected  by  cold  ddnte  sulphuric  acid ;  bnt,  when  triturated  with 
ong  sulphuric  acid,  it  diBsolTee  with  fine  caimine-red  colour^  changing  after  a  while  to 
the  soltition  after  standing  for  a  longt^r  time  deposits  a  brown-black  subatanee. 
I  this  reaction  also,  oonTolvylin  is  resolved  into  convolvulinol  and  gLucose.    It  is 
beie^Kre  a  gldcoeide. 

Gonvolvtinn  is  the  active  principle  of  jalap-reain ;  it  exerts  a  rery  strong  piirgft- 
ive  action,  even  in  doses  of  a  few  grains. 

COWO&Vin«070&XC  ACZD.  Convoiimlmoij  Bhodeoretinof.  (Kaiser,  loc, 
i7. — Mayer,  he.  cit.) — This  compound  is  produced,  together  with  glucc^c,  by  th»j 
Paictioo  of  dihiito  adds,  or  of  emulsin,  on  convolviilic  add.  To  prepare  it,  30  f^rms.  of 
{eonvolvulie  acid  are  dissolved  in  300  grms.  of  water^  the  solatiou  is  heated  to  the 
I  boiling  paint,  and  20  grms.  of  strong  ^phuric  acid  diluted  with  200  grms,  of  water 
fiftre  added  to  it,  the  boiling  being  continued  for  some  time,  Convolvulinolic  acid  then 
ipartly  sepaiutes  as  an  oil,  partly  remains  dissolved  in  the  water,  and  separates  in 
lo>1oiuicas  microscopic  needles  on  cooling.  It  is  inodorous,  but  has  a  harsh,  slightly 
I  tiitter  taste.  It  dissolves  but  verj-  sparingly  in  pure  water,  more  freely  in  acidulated 
very  easily  in  alcohol,  less  easily  in  ether ;  it  does  not  crystalliso  either  fnini 
bol  or  from  ether.  It  feels  grt»asy  and  softens  between  the  lingers,  melts  at  38  fi® 
^  C.  to  a  yellow  oily  liquid,  and  solidities  ag;dn  nt  ^i\^.  The  melted  acid,  difihsed 
I  water,  imparta  to  it  a  peculiar  oiioiir  like  that  of  the  earob  bean. 

[Xvd  on  platinum  foil  in  contact  with  the  air,  it  appears  to  volatilise  for  the  most 
^thoal  decompc^ition,  the  vafX>ur8  having  a  strong  eougli-exciting  odour  like 
!  aelitiicic  acid.  Strong  sulphuric  acid  ccdours  convolvulinol,  tirit  yellowish,  then 
nth-red,  like  eon  vol  vulin.  Strong  nitricacid  oxidises  it  to  oxalic  and  ipomteie  acids, 
DTolvtdinolic  add,  prepared  as  above,  contains,  according  to  the  mean  of  Mayer's 
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anuIyBOS,  65  47  per  cent  carbon  mid  10*71  hydrogen,  wLcnco  he  deduces  the  improbiil>le 
foramlii  C^M^O^  (66  8  per  cent,  C,  and  H)'5  HJ.  Wlien  st'panited  from  itssultj!,  how- 
GTcr,  it  ha#,  iiccording  \o  Mayer,  tlio  compoeition  C^lP^if'.  A  product  LaTiny;  tliis 
oomposition  is  iikewLw  obtainod  by  heuting  convolruHn  or  coiivolvulie  ucid  with  hydrati' 
of  sodium  and  a  little  wntcr,  as  long  aa  hydrogen  continues  to  escape^  dceompogiiig  tJie 
aqueous  solution  of  the  product  with  aulphurie  acid,  and  purifying  by  solution  in  al- 
cohol^ and  treatment  with  animal  chiirooaL  It  resembles  the  pi^ceding  in  all  its  pro- 
porties,  excepting  that  it  melts  at  a  somewhat  iiigher  temp^^raturc  (40'^-— 45*^  C),  and 
haa  a  etronger  acid  reaction, 

Mayer  applies  the  term  convolTulinol  to  the  product  of  the  action  of  acids  on 
conTolTuHe  acid^  and  designates  as  coutoItu  lino  lie  acid  the  compound  aepftpated 
frorai  the  conTolrulinolatpfi,  or  obtained  by  the  process  lust  d^cribed;  but  it  is  moflt 
probable  that  the  two  suhstoneea  ane  merely  the  same  acid  in  different  atati»  of  bjrdn* 
tion.     All  theie  products  require  re-eiamination. 

Tho  convolTulinolatea  are  composed,  according  to  Mayer,  of  C^H^^MO^^  or 
MO.C^IP^O*.  Tihose  of  the  iilkali'metak  are  easily  soluble  in  water  and  in  alcobol, 
and  are  obtained  by  treating  the  alcoholic  eolution  of  tho  acid  with  caustic  alknlift. 
Thoae  of  the  aUialine-earth  metala  are  sparingly  soluble,  and  are  obtained  in  like 
manner.  Tho«e  of  most  of  tho  boaTy  metalji  are  mioluble  and  are  obtoioed  by  preci- 
pitation.   Tho  lead-salt  is  said  to  contain  C^Ii'^PbO^.     (Mayer.) 

COIfVO^'VTT^A.CKS.  An  order  of  plants  yielding  many  useful  products*  The 
roots  of  sevt^ral  Hpecies  of  Omvolmdus  and  Ipotntea  yield  purgative  renins,  or  gnm-reaius. 
ConvohvdtfS  scamnumiumy  L.,  yields  scammony  (g.  ».),  (Z  Schiedanits  and  C.  onsn- 
bcmis,  or  Ijfoma^a  oruahnmi^  yield  jsilap,  C.turpethum^  or  L  turpeihitm,  also  yields 
a  purgatiTtt  resiiL  C  baiutas^  or  Batdlas  tduHi^  the  Spanish  potato,  yields  edible 
ttibflire,  w»embliag  the  common  potato,  but  of  sweeter  t^sl^  {i.  620),  C  tcoporius^  L., 
and  C, ^ridus,  L*,  ^'ield  one  of  the  woods  called  rose-wood, 

OOVTSSXWS.     See  Coxutdrcnb  (p.  1). 

^^^  «  «^^*  «.«*«  C      Sec  Copaiba  Oii^ 

C03PAH1JVI0  or  CQPAZVlC  A.t3l]|i     See  Copaiba  Restns. 

COPiLZBA  BAliSABC.    See  Bai^ams  (L  492). 

caPAZSa^  <lZXh  Essence  de  Cmmhu.  (Bonastro  [1&25],  J.  Pharm.  xi.  629. — 
Adi>r,  J*  Pharm.  xv.  &5. — Gerbert  Br.  Arch.  xxs.  l67.^Blanchet,  Ann.  Ch,  PhamL 
Tii.  166,^8oubeiraa  and  Capitatm?,  J.  Phiinn.  xxvi  7<X— Gni.  xiv.  2H6,)— The 
volatde  oil  contained  id  balsam  of  copaiba.  It  belongs  to  the  catnphenes,  C'**H",  nr 
C^W*.  Copaiba  balsam  is  &  mixture  of  this  oil  with  resins,  the  proportion  of  the  oil 
Tarying  from  30  to  60  per  cent,  in  balsams  from  diSerent  localitiea. 

The  oil  is  obtained  by  distilling  the  balsam  with  water,  and  may  b«  purified  by 
drying  over  chloride  of  calcium  and  rectifying.  To  obtain  the  whole  of  the  oil,  the 
diatillatiou  with  water  must  be  repeated  six  or  eight  times  (i;?onbeinin  and 
Capitaine).  According  to  Ader,  th<3  oil  may  be  separated  b^^  agitjiting  \m  pt».  nf 
tho  balsam  with  an  equal  qmmtity  of  alcohol  of  specilic  gravity  0  836,  then  adding 
37  J  pts.  of  soda-ley  of  ap<»ctfic  gravity  133,  and  diluting  tiie  whole  with  150  pt«.  of 
water.     The  oQ  then  gradually  risea  to  the  surface. 

Pure  oil  of  copaibti  is  tmnsparent,  colourless^  or  yellowish-green,  mobile,  and  has  an 
aromatic  odour  like  that  of  the  balsam  ;  that  obtained  by  Ader*fl  mHhod  is  tut  id  to 
have  a  more  disagreeable  odotir ;  the  tjiste  is  sharp  and  persistently  bktcr.  8pecific 
pravity  0"8B1 — 0  91,  increasing  to  096  on  exposure  to  iho^  air,  Boiliug-|X'tiit  245*^ — 
2G0°  C.  Optical  rotatory  power  =  34"  18^  to  the  lelL  Expansion  from  0^  to  lOO**  C, 
=  0083132;  from  100^  to  200^  =  0104034  (Aubergier,  J.  Pharm.  xvii,  278). 
The  oil  is  nvutral.  It  solidifies,  partly  crystalline,  at  —  26°  C.  Oil  of  copaiba  cli?*sf>lvi'M 
in  2-|  ptfl.  of  absolute  ako/toi,  and  in  26— SO  pta.  of  alcohol  of  specific  gra^-ity  0'8o, 
(Aceortling  to  Stoltze,  it  dissolves  in  all  ^iropcjrtiona  in  alcohol  of  this  strength.)  With 
ifu/phtdr  of  carbon  and  anhydrous  ithir,  it  mixf's  in  all  pro[X)rt^ous,  but  not  with  more 
thaii  half  its  weight  of  common  ether.  It  dissolvea  sulphur  and  p/t(fsphorua  with  aid 
of  heat  It  likemiiie  dissolves  glacial  acetic  acid  and  h^dtDci/anic  acid,  and  mixes  with 
alcoholic  succinic  and  bentoic  acids ;  also  with  solution  of  oxalic  acid,  but  not  with 
ciirtc  acid-     It  absorbs  ammonia^  becoming  milk-white  amf  liscid.     (Gerber.) 

Copaiba  oil  becomes  brown  and  viscid  by  continued  boiling.  Chhrint  in  ancshine 
makes  it  hot,  colours  it  yellowish  blue^  and  then  grt^  n,  and  »enarates  white  crystal  line 
masses  (Blanche t).  lodinf,  slowly  added  to  the  oil,  distiofrri*  without  detonation 
(B 1  ft  n  ch  c  t).  funning  a  red  difih-yellow»  or  brown-black  liquid ;  if  it  be  added  morequickly, 
heating  and  frothing  take  place,  and  a  brown  muss  is  formed  (Gerber).  It  detonatt^ 
with/wwii«^  nitric  acid^  leaving  a  brown  r©«n.    With  nitric  acid  of  specific  gravity 
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1-32,  it  resinises  only  when  heatol  (Blsnchet).  Ac(?ording  to  Boniwtw.  it  aBanmea 
ii  violet  tint  at  the  beginuing  of  the  action.  Weaker  nitric  aeid  fonna  with  the 
oil  ^smsU  quiuititj  of  yellow  resin,  precipitable  hy  water  (Gerber).  Oil  of  titrud 
nuikeB  il  hot  ami  ttmiB  it  red- brown  (Stoltsse).  ^Ith  a  few  dru|w  of  oil  of  Titriol 
it  becomes  hot  and  bkcker ;  but  whon  droppwl  into  a  Inrger  quantity  of  oil  of  vitriol, 
it  forms  a  red-brown  Boiiition  of  iulphoterebic  acid-  (Oorhardt,  Compt  rend  xrii, 
31i.) 

With  htfdrochiiiric  acid,  {M^poiba  oil  fbnna  a  «olid  and  a  liquid  comjjound.  The  oil, 
fihaJce»  up  with  aqutous  potash  or  Ktda^  hecomcM  heated,  acquires  u  brown  colour,  jind 
yiolda  to  water  a  small  quantity  of  r<?mn»  which  does  not  pre-exist  in  the  oil,  but  is 
produced  ftom  it  by  the  uetiou  of  the  alkali  (Oerber).  Dktilled  with  24  pts,  water 
nod  8  pta.  chloride  of  lime,  it  gives  off  carbonic  acid  and  forms  chlomforni.  Dis- 
tilled with  k^fpobromite  of  potassium^  it  forms  bromofonn.  (Cbautard,  Compt  rend. 
xxxiT.  48 j.) 

s.  Rydrochloratf  of  Copahene  or  Copaivtne,  Htfdrockhraie  of  Copaiba  oil, 
Camphn  de  Copahu,  C'*H".2HCb— This  la  the  solid  hy<lrochlonitc ;  it  i«  prepared 
by  passing  dry  hydrochloric  acid  gaa  tln^ugb  dehydrated  oil  of  copaiba,  aepaniting 
the  crystalline  muss,  which  ia  dejjosif^d  therefrom  on  eooliujf,  from  the  brown  oil, 
pre«aitig  it  between  filtering  paper»  mixing  it«  aolwtion  in  ether  with  alcohol  of  »[»cvific 
gravity  0*6o,  and  washing  with  alcohol  the  ciyi^lalliue  nmoa  which  fieparutcs. 
(Blanchet.) 

Hydrochlorate  of  copahene  fbrma  short,  transparent^  right  rectangular  prisms  {re- 
sembling chlorate  of  potassium,  according  to  Bhmchet),  which  molt  at  77^ C,  (Sou bet  ■ 
raDaadCapitaine).  They  are  inodorous  (Blanch  et,  Soubei rati  and  Cupitaine); 
hare  a  fkiot  cam phorous  odour,  and  an  aromatic  bitter  taste.     (Gerber.) 

The  hydrochlorate,  heated  to  140°— 160<>C.,  ^ven  off  a  large  quantify  of  hjdrochlonc 
acid  gas  (Souheiran  and  Capitaine).  When  set  on  fire,  it  bums  with  a  bright 
llame  (Gerber).  NUric  aeid,  heated  with  it^  is  said  to  give  off  nitrogen  giut  (B  lan- 
ehet).  Oil  of  miriol,  with  aid  of  heat,  dissolves  if,  and  deposits  it  again  in  the  crys- 
talline  fonh  on  cooling ;  at  a  stronger  heat,  the  solution  gives  off  hydmchJoric  acid  gas. 
Heateii  with  suJphidc  of  kad^  it  yields  an  oil  baring  an  aUiaoeoua  wlour.  Its  alcoholic 
solution  is  precipitated  by  nitrate  of  aiiver  or  m$rc«r(m»  nitratf.     (Blanchet.) 

It  is  iosolublo  in  water  and  in  cold  alixthol,  sparingly  soluble  in  hot  alcohol,  ea&ily 
aolable  in  other  (Blanchet),  The  alcoholic  iolatioa  leaves  when  evaporatcti  a  thick 
^it  «Kt^h  «mells  like  balsam  of  copaiba,  and  appears  to  hold  in  lolution  undccomposcd 
d  rate  of  copaiba  oil     (Sou  b  ei  ra  n  and  Ca  pi  tain  e,) 

yfate  of  Copahilc^if.^-^Tlkh  is  the  liquid  portion  of  the  product  obtained  bv 
Itfatiug  copaiba  oil  with  hydrochloric  acid.  It  always  coutaiiis  in  solution  a  jjortion 
of  the  solid  compound^  which  cannot  be  separated  from  it  (SiUibeirrin  and  Capi- 
taine).  It  is  a  black,  viscid  oil,  smelling  like  castorpum*  and  without  action  on 
polansed  Hffht  (Sonbeiran  and  Caniiaine),  When  diBtilknl,  it  gives  off  hydro* 
ehloric  add  gas,  and  yields  a  colourless  oil,  whidi  is  a  mlution  of  hydrochlorate  of 
eapahene  (Soubeiran  and  Gapi taine).  It  bums  with  a  faint  odour  of  hydr^v 
ehlorie  acid.  It  give*  np  a  portion  of  its  hydrochloric  acid  when  shaken  up  with  water. 
It  ia  soluble  in  alcohol  and  ether.     (Gerber.) 

Para-copaiba  Oil  (Soubeiran  and  Capitaine  [1840].  J.Pharm.  xxvi.TO. — 
Post  el  t,  Ann.  Pharm,  btix,  67,)^Thia  oU  occurs  in  a  variety  of  copaiba  bolimTO  from 
Brazil.  It  is  sepanitetl  by  distilling  with  water,  aiid  the  oil  is  dehydrate  with  chlorido 
ot  calcium  (Po§solt).  It  is  a  transparent^,  colourless,  viscid  oil,  of  specific  gravity 
O'^l  (OB98  according  to  Soubeimn  and  Capitaine),  boiling  at  250^  C.  It  amells  like 
the  balsam,  sad  has  a  sharp  burning  taste  (Fob sell).  Rotatory  power  28*553°  to 
th^  leit  (Sonbeiran  and  Capitane).  It  dij^solves  in  all  proportions  in  fth^r^lemk 
easily  in  abiolute  alcofwi^  still  less  in  eommt^n  ofeohd. 

The  oil  becomes  yelloTvish  when  boiled,  afterwards  brown,  tbickt  tenacious,  and 
charred  (Posse It).  Chl&ririe  converts  it^  with  evolution  of  hydrochloric  acid,  into  a 
^-'low  sticky  mass.    The  oil  dissf>Ives  iodinf  without  detonation.    With/wmrw-gf  nitric 

d,  it  detoaatee  even  in  the  cold ;  but  nitric  acid  of  specific  gravity  1-32  resiuiflesa  it 
Only  wifli  aid  of  heat.  Dilute  nitric  acid,  heated  with  the  oil,  dissolvea  it  completely 
after  a  f*^w  duyi,  giving  off  nitroua  acid,  carl>onic  acitl,  and  other  volatile  acids.  From 
the  solution  of  the  oil  in  nitric  acid,  water  throws  down,  after  evaporatiou.  a  reddiMh- 
yellow  acid  resin,  sparingly  soluble  in  hot  water,  eaailT  soluble  in  alcohol  and  ether, 
vhiltfl  a  peculiar  add  remains  dissolved,  which,  when  the  solution  ia  coticentrated  by 
CfTa|iotation,  crystallises  in  elender,  colourless,  transparent  laminae^,  easily  soluble  in 
fPXttfV  alcohol,  ether,  and  rock-oU,  inodorous,  having  a  bitter  taste,  and  a  slight  acid 
reaction  (Posselt).  The  oil  absorbs  hydrochloric  acid  tjas  with  avidity,  turning 
bn^wn-red  and  fuming  in  the  air,  but  not  depositing  any  crystals  on  cooling. 


I       char 
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COPAIBA-RESINS. 


rs.  (Sohweizor,  Po^.  Ann.  xrn.  784;  xxi.  172,— Rose^ 
thid.  miiL  83. — Hess,  Ann.  CL  Pharm,  xxii.  140 — Fehling,  ihid,  xl.  110. — 
Posaelt,  ilnd,  liii.  67.) — Copaiba  bakam  cooUins  B4?Tcral  rvaim  which  remain  be- 
hind akiter  the  distillatioD  of  the  Yoktila  ail ;  certain  samples  of  thia  bakam  haTO  been 
£>mid  to  contain  pecoiiar  resina. 

The  reains  obtained  £rom  ordinary  copaiba  balsam  maj  be  separated  into  a  cmtal- 
lisable  resin  called  copairic  acid  (the  a-fesin  of  Berzelivui),  and  aa  uncr^fitolliaabk 
fi-remD,  The  latter,  which  fonna  but  a  small  proportion  of  iJie  whol%  remains  behind, 
when  tho  entire  mass  of  resin  is  treated  with  cold  lock-oil,  aa  a  brown  nnctnons  maaii, 
aaaOj  eoliihle  in  alcohol  or  ether. 

CoFaiTiC  Acid.  Q^hu i*ic add.  a-resin  of  Berreltm.  C^H*0*,  or  C^B** O*,  — 
Thia  ayatallisable  resin  exists  in  copailm  balsam  to  an  amount  Tmymg  from  20  to  66 
pes  cent.  It  is  the  constituent  which  determines  the  himlcning  of  the  balsam 
trjT  magnesia,  an  effect  which,  howerer,  does  not  take  place  if  the  proportion  of 
eopaiTic  acid  ia  below  50  per  cent  (Frocter),  According  to  Schwcizer,  the  acid  maj 
be  pr^ared  by  disBolTiDg  the  entire  mass  of  resins  obtained  from  copaiba  balAam  in 
aqoeona  ftfwmftiiin^  and  leaving  the  solution  to  evaporate  in  u  cool  plHce.  Crystals 
then  nepaiate  which  may  be  obtained  pure  by  washiikg  with  ether  and  recTystaliisation 
fyam  alcohol.  Or  the  leainovta  man  is  heated  with  cold  rock-oil,  the  solution  left  to 
craporate,  the  rttidue  disBolTcd  in  alcohol,  and  the  copaivic  acid  left  to  dystaUise  by 
spootaneoits  evaporation*  Or  the  entire  mass  is  diflsolred  in  alcohol,  and  the  solution 
left  to  eraponitc. 

Copaivic  acid  forms  colourless  rhombic  crystals,  soluble  in  strong  alcohol ;  the  solu- 
tion »addens  litmus.  It  dissolves  easily  in  ether,  ia  oils  both  fixed  and  volatile,  and  in 
SD^hido  of  carbon.     It  is  decomposed  by  heating. 

The  acid  dissolves  in  aqneons  fixed  aJkalis  and  in  ammonia*  The  alcoholic  solution 
mixea  without  decomposition  with  alcoholic  potash  or  with  strong  aqtteoos  potash ; 
but,  on  *jit^ir>g  a  larger  quantity  of  water,  a  precipitate  is  formed 

CopaiTic  add  appears  to  be  monobasic.  The  caicium*salt,  C'*H**CaO',  is  a  white 
precipitate,  which  separates  on  mixing  an  alcoholic  solution  of  the  resin  containing 
a  little  ammonia  with  alcoholic  chloride  of  calcium,  and  then  adding  water.  Co- 
paivate  o/tead^  C"H*PbO',  is  obtained  h^  mlmng  the  alcoholic  solutions  of  the  resin 
and  acetate  of  lead,  as  a  white,  fusible,  sbghtly  crystalliae  precipitate.  Copaimte  of 
«f7ver,  CP'H'AgO',  separates,  on  mixing  the  solution  of  the  resin  with  an  alcoholic 
solution  of  nitrate  of  silver  mixed  with  a  little  ammonia,  as  a  white  ciystalline  preet- 
eipitate,  sparingly  soltibte  in  alcohol,  easily  soluble  m  ammonia,  easily  fumble,  and 
taming  brown  on  exposure  to  light. 

OxTCopAtvic  Acid.  C»H»0*,  or  J?O.C»*if"0»,— This  acid  resin  was  found  by 
FehUng  in  a  sediment  deposited  frt>m  a  turbid  copaiba  balsam  from  Para.  By  solu- 
tion in  alcohol  and  slow  evaporation,  it  is  obfained  in  colourless  regular  crystals,  whose 
primary  form  is  a  rhombic  prism  having  the  acate  summits  truncated.  It  becomes 
strongly  electric  by  friction ;  dissolves  readily  in  ether,  less  readily  in  alcohol ;  melts 
at  about  120°  C.  When  the  solution  of  the  resin  in  ether  and  alcohol  is  quicklTr  eva- 
porated in  aflat  dish,  and  stirred  at  the  sametime^  a  hydra  ted  resin,  U^R^QKHK}, 
or  C*//^C*. 2^0,  sometimes  separates  as  an  amorphous  powder;  it  has  the  same  com- 
position as  the  oxysilvie  add  described  by  Hess,  but  differs  from  it  in  propertii^. 
This  hydrat.ed  resin  softens  in  boiling  water ;  it  forms  with  bases  the  same  salts  aB  the 
anhydrous  resin. 

Oxyoopaivic  add,  heated  with  nitric  amd^  ^^^  off  carbonic  and  nitrous  adds,  and 
yields  two  products,  a  resin  and  a  new  add.  The  resin,  said  to  be  C"//*0".  is  light 
yellow,  has  a  strong  and  disagreeably  bitter  taste^  and  unites  with  bases.  The  acid 
ifl  firee  fhmi  nitrogen,  of  brownish  colour,  deliquescent,  very  soluble  in  water  and-  in 
alcohol^  easily  decomposes!  carbonates,  forms  soluble  salts  with  the  alkalis^  a  sparingly 
soluble  salt  with  baryta,  insolable  salts  with  lead,  mercury,  and  silver ;  the  lead-salt 
has  the  compositiou  2Pb^.C»*H"0^  or  AFbO.C^W^O^*  (?  X 

When  oiycopai  vie  acid  is  evaporated  to  dryness  with  ni^c  acid,  there  remains  a 
pitchy  mass,  part  of  which  dissolves  in  alcohol,  leaving  a  humoi'dal  substance  having 
the  composition  C*H*0". 

Oxycopaivates, -^xy copwvic  acid  dissolved  in  alcohol  exhibits  an  acid  reaction. 
The  oxycopaivates  of  the  hlkali-metals  are  solnhle  in  water  \  the  ammoniacal  solution 
gives  off  all  its  ammonia  by  evaporatioD.  The  ieed-mli,  C*H"PbO\  or  PbO.C^H^^O^, 
is  obtained  at  a  white  precipitate  on  mixing  the  alcoholic  solution  of  the  resin  con- 
taining a  little  ammonia  with  an  alcoholic  solution  of  acetate  of  lead  The  ttihtrmtt^ 
C"H^AgO',  or  AgO.C^B^^O^^  separates  as  a  white  amor|*hous  precipitate  on  mixing  a 
solution  of  the  acid  m  aqueous  ammonia  with  excess  of  nitrafe  of  silver. 

Acid  Cofaiba-besin.— This  lesiit was  found  by  Martin  and  Viguo  (J.  Pharm. 
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1842,  p.  52X  in  a  oystalline  deposit  of  copaiba  balsam,  which  diasolred  in  hot  alcohol, 
bat  separated  oat  again  for  the  most  part  as  the  solution  cooled.  As  it  has  not  been 
further  investigated,  its  identify  or  non-identity  with  one  of  the  resins  prerioosly  de- 
scribed, mast  for  the  present  remain  undecided. 

From  clear  copaiba  balsam,  Martin  and  Yigne  prepared  a  resin  different  fiwm  the 
crystalline  substance. 

Indiffbjbsnt  Copaiba-bbsins.— Whether  the /S-resin  (p.  18)  belongs  to  this 
group  is  doubtful,  inasmuch  as  it  is  said  to  dissolve  in  alkalis. 

In  a  veiy  fluid  copaiba  balsam  of  peculiar  constitution,  Posselt  found,  besides  para- 
copaiba  oil,  two  indifferent  amorphous  resins,  the  first  of  which  (containing  60*3  per  cent, 
carbon,  8*3  hydrogen,  and  31*4  oxygen)  was  soluble  in  weak  boiling  alcohol;  the  second 
(conta^iing  82*0  carbon,  10*5  hydrogen,  and  7*5  oxygen^  diasolred  sparingly  in  boiling 
absolute  akohol,  separated  out  for  the  most  part  on  cooling,  and  was  insoluble  in  dilute 
alcohoL    Neither  of  these  resins  combines  with  alkalis.    (Handw.  d.  Chem.  ii  [8]  799.) 

COPAZVXwa.  The  camphene  contained  in  the  crystallised  hydrochlorate  of 
copaiba  oil ;  it  has  not  yet  been  isolated  (p.  16). 

COPAXVIO  AC9IB.    See  Copaiba  Bbsdts. 

COPAZVZUnra  or  COV AZVT&i.    Syn.  with  CoPAima. 

COPJk&»  A  valuable  resin  of  which  the  best  ooach-vamish  is  made.  It  exudes 
spontaneously  from  several  trees,  namely,  the  Bhu8  copaUina,  a  terebinthaceous  tree, 
native  of  North  America,  the  Elaocarpua  eopali/er,  which  grows  in  the  East  Indies, 
And  the  Ifymenaa  verrucosOy  which  grows  chiefly  in  Madagascar.  French  writers 
likewise  give  the  name  copal  to  the  resin  of  the  Hymerufa  Courbaril,  growing  in  Brazil 
and  the  West  Indies ;  but  in  England  and  Q«rmany  this  resin  is  called  animi  (see 
voL  i  p.  296).  There  is  altogether  a  considerable  amount  of  discrepancy  in  the  state- 
ments respecting  the  trees  wmch  furnish  copal. 

Copal  generalfy  occurs  in  flat  pieces,  rough  on  the  outside,  and  of  various  shapes  and 
sizes.  Its  physical  properties  vary  to  a  certain  extent  according  to  its  origin ;  but  the 
lumps  are,  for  the  most  part,  opaque  on  the  outside,  transparent  intemaDy,  of  yellowish 
to  yellowish-brown  colour,  sometimes  nearly  colourless ;  turbid  and  translucent  lumps 
also  occur;  insects  and  parts  of  plants  are  not  unfrequently  enclosed  within  the  resin. 
Copal  is  hard ;  it  has  a  very  lustrous  couehoidal  fracture,  is  easily  pulverised,  does 
not  cake  together  even  when  chewed,  but  becomes  rather  soft  at  60°  C.  The  specific 
gravity  of  copal  varies  from  1*045  to  1*139  according  to  its  origin,  and  perhaps  also 
according  to  its  age. 

The  solubility  of  copal  in  different  liquids  varies  also  with  its  origin,  American 
copal  being  much  less  soluble  in  alcohol^  oil  of  turpentine,  and  oil  of  rosemary,  than 
East  Indian  or  African  copaL  By  exposure  to  the  air,  especially  when  pulverised  and 
placed  in  a  hot  air-chamber,  it  absorbs  oxygen,  and  then  becomes  more  soluble  in 
alcohol  and  in  oil  of  turpentine.  The  solubility  is  also  increased  by  melting  the  copal 
at  the  lowest  possible  temperature ;  but  Amencan  copal  is  moro  difiicult  to  fuse  than 
the  other  varieties,  and  sometimes  remains  so  insoluble  as  to  be  quite  useless  for 
making  varnishes.  Anhydrous  copal  in  the  natural  state  is  but  very  sparingly  soluble^ 
but  swells  up  to  a  tough  elastic  substance  when  boiled.  In  pure  ether,  copal  swells 
up  to  a  transparent  jefly,  and  afterwards  changes  to  a  syrupy  mass.  If  this  mass  be 
heated  to  commencmg  ebullition,  and  alcohol  of  specific  gravity  0*82  be  added  in 
Bucoessive  small  quantities,  a  clear  solution  is  obtained ;  but  if  the  alcohol  be  added 
cold  or  all  at  once,  the  mass  coagulates  and  docs  not  dissolve.  Copal  is  but  partially 
soluble  in  aulvkide  of  carbon,  but  oil  of  caoutchouc  diBaolTeB  it  easily,  even  in  the  cold. 

Copal  dissolves  in  strong  sulphuric  and  nitric  acids,  but  is  decomposed  by  those  adds 
if  only  slightly  heated. 

The  statements  respecting  the  solubility  of  copal  in  caustic  alkalis  TKry  considerably, 
doubtless  because  the  experiments  have  been  made  upon  different  varieties.  Accord- 
ing to  Filhol,  neither  ammonia  nor  potash  dissolves  it  in  the  cold ;  but  if  the  liquid  is 
heated  to  the  boilins  point,  the  resin  coagulates  and  floats  on  the  surface  in  the  form 
of  a  spongy  mass,  w!^ch  does  not  dissolve,  even  after  several  hours'  boiling, — because 
the  compound  of  the  resin  with  the  alkali,  though  soluble  in  pure  water,  is  quite 
insoluble  in  water  containing  e:tcess  of  alkali 
The  following  analyses  of  various  kinds  of  copal  have  been  made  by  Filhol : 

ri!i5!ll»?*ii!?         Copal  from  CalcutU,  In      Copal  firom        Copal  from 
Calcutta  Td7  white,  flat  lumpa.         Bombay.        Madagawsar 

^ * . 

Carbon   .        .        •           80*66            80*34            80*29  79*70 

Hydrogen        .        .             8*77            10*32            10*52  10*40 

Oxygen  .         .         .           1057              9-14              9*14  9*90 

100-00  10000  100-00         100*00  100*00 

I        '  0  2 
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COPAL  VARNISH. 


Filbol  ha«  obtained  from  Ea«t  Indinn  copal,  fire  distincfc  reiiiiiB,  same  of  which 
however  pass  into  others  by  oxidation,  so  that  thi?y  may  bo  regarded  as  different 
oxides  of  the  same  radicle ;  Tiz. : 

a^resin:  Soft,  fusible  at  the  heat  of  the  water  bath;  solwbk  in  alcohol  of  72  per 
cent,,  aI»o  in  ether,  and  in  oE  of  turpentine;  forms,  with  bases,  reflinatea  aoluble  in 
ether,  bait  (excepting  the  potass  in  in -aalt)  insoluble  in  alcohoL 

^re*in:  Soil,  fiiiible  below  100^  C. ;  Bolnble  in  all  proportiottfl  in  alcohol,  ether 
and  oil  of  turpentine ;  forma  reainates  solnblo  in  ether,  insoluble  in  absolute  alcoboL 

y'Teain:  Whit«,  soluble  in  ab&olute  alcohol  and  in  ether;  less  fusible  than  the 
preceding ;  forms  resinates  insoluble  in  aleohol  and  ether. 

B^esin:  White,  insoluble  in  alcohol  and  ether,  soluble  in  alcoholic  potash;  very 
difficult  to  fuse^ 

t-retin:  Gelatinous;  insoluble  in  ^  menstruAi 
These  resins  yielded  by  analysis : 

Cirbon. 
ii-reflin  .  .  ,  77  76  to  76*94 
^resin  ,  .  .  7604 —  76-85 
7-r«sia  .  .  .  80*63  —  8070 
f-reuD  .  .  -  81-16  — 8168 
The  kad-salta  formed  feom  tbe  first  two  yielded : 


Qaddeoflead 


26-17  to  26*32 


1012  to  10*24 
1008  — 10-86 
10.43  — 10-66 
10  54—10*43 

26  to  28 

Th<«a  analyses  were  perhaps  not  made  with  definite  substances.  The  quantities  of 
lead'oxide  found  in  the  riMJinatea  are  nearly  the  same  na  in  the  lead-salta  obtained  ftom 
the  turpc'D tine-resins  (»ee  Titbpkntike)  ;  hence  it  is  probable  that  the  reainous  con* 
atituentfl  of  copid  tire  similar  in  composition  to  the  reaius  of  turpentine.  (Gerh.  iii. 
069 ;  Hiindw.  d.  Chem.  ii.  [3]  202.) 

GOViL^  VAJUnsSp  Copal  may  be  dissolTed  by  digestion  in  linseed  oil,  ren> 
deted  drying  by  qtiickiime,  with  a  heat  very  little  leas  than  suMcient  to  boil  or  decom- 
posa  the  oiL  This  solution,  diluted  with  oil  of  turpentine,  forms  a  bt^autiful  trans- 
part'nt  Farnish,  which,  when  properly  applied,  and  elowly  dried,  is  Tory  hard  and 
durable.  This  Tarni«h  is  appbed  to  snuff-boxes,  tea-Ttoards,  and  other  utensils.  It 
preserves  and  gives  lustre  to  paintiiiga,  and  greatly  re» tores  the  decayed  colours  of 
old  pietureii,  by  filling  up  the  cnicks,  and  rendering  the  surfacea  capabJa  of  refiecCing 
li^ht  more  uniformly. 

Mr.  Sheldrake  has  found,  that  camphor  has  a  powerful  action  on  copal;  for  if  pow' 
dered  copal  be  triturated  with  a  littk?  camphor,  it  softens,  and  becomes  a  eoherent 
maiNB ;  and  camphor,  added  either  to  alcohol  or  oU  of  turpentine,  renders  it  a  solrent 
of  copal.  Half  an  ounce  of  camphor  ie  stifficient  for  a  quart  of  oil  of  turpentine,  which 
should  be  of  the  best  quality ;  anil  the  copal,  about  the  quantity  of  a  large  walnut,  should 
bo  broken  into  veiy  small  pieces,  but  not  reduced  to  a  fine  powder.  The  mixture  should 
be  fiflt  on  a  fire  so  brisk  as  to  make  t  he  inixturo  boil  almost  immediately :  and  the  Teasel 
should  1h*  of  tin  or  other  metid,  strong,  shaped  like  a  wine-bottle  with  a  long  neck, 
and  eafwiljle  of  holding  two  quart*.  The  mouth  is  stopped  with  a  cork,  in  which  a 
notch  is  cut  to  prevent  the  vessel  from  bursting.  It  is  probably  owing  to  the  quan- 
tity of  camphor  it  contains,  that  oil  of  lavender  is  a  solvent  of  cojial  Camphor  and 
alcohol  dissolve  copal  still  more  readily  than  camphor  and  oil  of  turpentine. 

In  the  5l8t  volumo  of  Tilloch**  Magazine,  Mr.  Comclina  Varley  states,  that  a  good 
varnish  may  be  made  by  pouring  upon  tho  purest  lumps  of  copal,  reduced  to  a  j^ne 
mass  in  a  mortar,  colourless  spirits  of  turpentine,  to  about  one-third  hiplier  than  the 
eopal,  and  trituratinej  the  mixt  ure  occasionally  in  the  course  of  the  day.  Next  morning 
it  ximy  be  poured  off  into  a  bottle  for  use.  Suceeaaive  portions  of  oil  of  turpentine 
may  thus  be  worked  with  the  same  copal  mass.  Camphorated  oil  of  turpentine,  and 
oil  of  spike-hiTendcr,  are  also  recomni*indcd  as  separate  solvent^  without  trituration. 
The  latter,  however,  though  very  good  for  drtiwirtga  or  prints,  will  not  do  for  varnish' 


ing  pictures,  as  it  dissolves  the  paint  underneath,  and  runs  down  while  drving. 
Fat  vamuh. — Take  copal  16  parts,  linseed  or  poppy  oil  made  drying  with  Y  ' 
oil  of  turpentine  16.    Melt  the  copal  in  a  matrasJt,  by  exposing  it  to  a  moderate  beat; 


pour  then  upon  it  the  boiling- hot  oil ;  stir  the  mixture,  and  wben  the  temperature 
has  fallen  to  about  200°  F.  add  the  oil  of  turpentine  heated.  Strain  tho  whole 
immt^liately  through  linen  cloth,  and  keep  tho  varnish  in  a  wide-moutlied  bottl^^. 
It  becomes  yary  clear  in  a  little  while,  and  ia  almost  colourless  when  well  made. 
This  varnish  h  applied  on  coaches,  also  generally  on  polished  iron,  broaa,  cojiper,  and 
wood.— tJ. 
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eOPA&ZV*  FogfU  comff  Highqat^  resin. — A  fossil  reain  found  in  roundish 
lumps  in  the  blue  clay  of  Highgate  Hill»  It  resembles  copal  resin  in  hiuxlneas,  colouTp 
lustre,  and  trauaporency,  and  is  llkowise  but  sparingly  soluble  in  ak-ohoL  Sp.  gr. 
1010  (Johnatou)y  1*05  (Bastick),  It  emit^  a  rcsinouja  odour  when  broken,  Tolati* 
lis€s  in  the  Air  at  a  gentle  beat^  and  barns  easily  nitli  yellow  flame  and  much  amuke. 
Sulphuric  acid  diasolwa  it  with  purple-brown  colour.  Hitrw  acid  converts  it  into  an 
add  resin,  which  is  preeipitatinl  by  wat<?r  aa  a  yellow  powdert  fonna  soluble  salts  with 
the  iilkali-metaJa,  insoluble  with  all  the  rest  Accorfling  ta  Johnston's  analysis 
(PhiL  Mag.  [3]  jdr.  87),  it  contains  85*4  per  ceut^  ciu-lmn,  and  11-8  hydiog^-n,  27 
oxygf»ii,  «Dd  0*13  aah,  whence  may  be  deduced  the  formiila  C^Il^^O  or  C^H^^CP. 
(lohuBtOO,  from  the  old  atomie  weight  of  carbon,  C«  612,  calculated  the  fomiida 

Kenngott  obtained  from  India  a  resin  whi<?h  agreed  with  the  Highgate  rpsin  iu 
properties,  and  had  a  specific  gravity  of  1053 ;  it  contained  fragments  of  Alpine  plants 
and  insects.  An  antdysis  by  Dufloa  showed  it  to  contain  8573  per  cent  carbon,  11  60 
hydrogen,  and  277  oxygen. 

Another  renn,  reeembling  the  preceding  in  external  appearance,  occurs  in  tlie  form 
of  flattened  dfooi  or  ooatings  on  calcsparp  on  the  walls  of  a  dyke  of  trap  at  ilw  lAA 
lead  mine  in  iHorthnmberlaDd  called  aettUng  Stonts,  It  has  a  pale  jetlow  to  deep 
red  colour,  with  pale  gfften  opaleseenee.  Sp.  gr.  116  — ^164  ;  hard,  but  brittle ;  does 
not  melt  at  40(F  F.,  but  bums  in  the  flame  of  a  candle  with  empyrfcumatic  odour.  It 
is  insoluble  in  wat-er,  and  nearly  insoluble  in  alcohol  It  contains  86  13  per  cent. 
cfurhoDf  10  85  hydrogen,  and  3  26  ash  =  99'2ir  numbcri  agreeing  nearly  with  the 
formula  Cm     (Dana,  ii.  267.) 


Yell&tc  Copperag.—A  hydratcd  basic  ferric  sulphate,  2Ff'O',550* 

-♦-  3^0,  occurring  in  the  district  of  Copiapo  in  the  province  of  Cofjuiinl>o,  in  northern 

OuU,  in  six*siided  tables  and  grains^  which  cleave  readily  pariillel  to  the  base.     Also 

i'Jftkotis   and  incrwtting.     It  is  translucent,  with  yellow  colour  and   vitreous  lustre* 

>  Bef«ral  other  basic  ferric  8ulphat<?s  are  also  found  native,  vis,  St^pticitf  and  Fihra- 

Jtrriit  from  Chili,  Pitticite  from  Fahluo  in  Sweden,  and  MUy  found  near  Gcaler  in 

the  Harz ;  they  are  formed  by  the  weathering  of  iron  pyrites^  and  are  probably  not 

definite  compounds.     (See  Sclfhatbs.) 

COFVn-    Bynonymes  r  Kupfer^  Cuivrf^  Ct^rumy  VenuB,    Symbols  and  At4>niic 
weights:  Cu  =  316  {cupncum);  Ccu  —  73-2  {cup'^atum,) 

Copper  has  been  known  from  the  earliest  times,  and  appears  to  have  been  used  for 

weapons,  tools,  and  agricultural  implements  much  earlier  than  iron.     It  was  indeed 

mtich  more  likdy  to  attract  the  att^ntiott  of  primitive  nations  than  iron,  as  it  is  found 

liatnrally  in  the  metallic  state,  is  malleablo  and  ductilu  immediately  sift-er  fusion,  ami 

acquires  considerable  hardnfiss  when  mired  with  other  metals,     Isidoms,  who  wroto 

at  the  beginning  of  the  seventh  century,  says :  "  Apud  antiquos  priore  aris  quam  ferri 

[  ^O^nitm  iwns,  mn  qnip^  pdmi  proscindebant  terram^  sere  certamina  belli  gercbant.** 

I  The  Bomansi  who  oVtained  it  from  the  island  of  Cjrprus,  called  it  iBs  cyprium^  a  term 

afterwards  shortened  into  cyprium,  which  ultimately  became  cuprum.     Tlio  Gr&eka 

called  it  x^*^^%  ^^Tii  Chdcis  in  Eubcsa,  another  locality  whence  it  was  obt^tined. 

Both  tho  Greek  x*^*^^^  '^^^  ^^^  Koman  «j  appear,  however,  to  have  been  used  indif- 

;  ferently  for  copper,  bronze,  and  brass.     Pliny  uses  the  word  as  in  both  senses,  as 

appears  from  the  following  passages:  *^ Mb  fit  a  lapide  feroso  quem  vooant  cadmiam," 

wliich  probably  refers  to  brass  ;  and  again,  *'  Fit  et  ex  alio  lapide  quera  cbalcitem  vocant 

in  Cypro,  nbi  prima  fnit  ajris  inventio,"  where  a6  appears  to  Biyuiiy  copper. 

Ooeurrtnee. — Copper  occurs  very  abundantly  and  in  a  great  Tariety  of  forms.     It  is 
^mnd  in  the  metallic  state ;  also  as  oxide,  cbJoride,  carbonate,  phosphate,  sulphate, 
silicate  arsenate^  and  vanadate;  as  sulphide,  sometimes  alone,  hut  more  frequently  in 
combination  with  the  snlphides  of  other  metals,  as  in  copper-pyrites,  purple  copper, 
\  ftnd  tlis  several  varieties  of  fahl-ore.     It  is  found  to  the  amount  of  0*1  to  0*2  per  cent. 
iln  aui^  ipectmens  of  meteoric  iron.    According  to  Walchner  (Compt  rend,  xxiii, 
1 12),  coppor  is  as  widely  distributed  in  nature  as  imn,  though  lees  abundantly,  small 
qnaotlQei  of  it  being  invariably  found  in  iron-ores,  in  soils,  and  in  femiginous  mineral 
watem     It  has  also  been  found  in  sea-weed  (Malagnti,  Durocher  and  8arzean, 
Ann  Ch.  Phys^  [3]  xxriii  129),  a  fact  which  proves  its  existence  in  sea-water, — in  Oie 
Vlood  of  various  Ascidia  and  Cepkaltypoda  (Harless,  Chem.  Oaa.  1848,  p.  214),  in  the 
Iblos  Uood  t!>t  lAmndm  Cyd&pi  (Genth,  Pogg.  Ann.  xcr*  60>|  and  in  very  minute 
I  qnantttj  iu  th©  bodies  of  animals  of  higher  orf^anisation  (Jahresb,  d.  Cbt-m.  1847-8, 
i  pp.  871,  874 :  184D,  p.  630).    According  to  Od ling  and  iJupre  (Guy's  Hospital  Re- 
ports, Oct,  1868),  small  quantities  of  eoTOer  are  constantly  found  in  floor,  straw,  haj*, 
Bleat,  egg;^  i^^^t-'^t^f  ^«i  other  articles  of  food ;'  in  the  animal  organism,  it  exists  in 


pro|H)rtioQ&Ily  large  qtiflntitj  in  khe  Hver  itnd  the  Iddnrpit  whilt>  the  blood  oontainf 
only  tTii(Jc«  of  it. 

Of  %h^  Tariotis  copper  mtnerak  above  cnnroerated,  a  few  onljT  can  be  rega^led  aa 
ores  of  copper,  tUftt  is  to  say,  m  minomb  from  which  the  metal  can  bo  profitably 
extracted. 

1.  Native  copper.— Metalb*<s  coppe?  in  not  nnfrequently  found  in  copper  ores^oe- 
during  in  isokt«d  particlee,  thin  laminip,  dendritic  pieoea,  and  Bometim  w  in  Bolid  blocbi. 
Pieces  of  ore  are  sometimes  found  consisting  of  a  nuclcos  of  met^dlio  copper  oo&t4Ml 
HncccasiTely  with  rod  oxide  and  with  carbonate  of  copper.  Large  mMoefi  of  natire 
copper  have  been  found  on  the  coast  of  Lake  Superior  near  Kewenaw  Point,  in  veins 
that  inteTBect  the  trap  &nd  sandstone.  Dr.  Fwej  states,  on  the  attthoritj  of  Professor 
Brosti  of  Yiilo  College  (U.S.),  that  in  ISflft,  6000  tons  of  copp<?r  were  proenred  froni 
these  deposit^};  one  mass  found  at  Minnesota,  weighed  SOU  tons.  Another  mass 
thrown  down  in  1853  at  the  North  American  mine^  was  40  fi^^t  long,  and  wuighed  200 
tons.  Native  copper  is  found  also  in  Siberia ;  in  the  island  of  Naboe,  one  of  the  Faroe 
groun ;  in  many  of  the  Cornish  mines;  near  Harlech,  North  Wales ;  and  in  Brazil,  Chili, 
and  Fern,  The  North  American  native  eopper  contains  about  ^  per  cent,  of  ailver,  for 
the  most  part  intimately  mixed  with  it,  but  sometimes  in  Tiiible  gnuuft,  Inmpe,  or 
threads.  The  ChiE  copper  alao  contains  silrer,  sometimea  to  the  amount  of  7  or  8  per 
cent 

2.  Osidea. — The  r^d  oxide,  Cu*0,  or  Ca«0,  is  found  in  Comiph,  South  American, 
and  especially  in  Australian  ores,  A  lai^  vein  of  it  was  worked  at  Chesey  in  France^ 
but  it  Uf  now  nearly  exhaiusted.    When  pure  it  contains  88'78  per  cent  of  copper. 

The  htack  oxide,  Cu'O,  or  CuO,  occurs  at  Kewenaw  Point,  lAko  Superior,  forming  a 
vein  in  conglomeratCt  fipom  which  about  40,000  lbs*  of  ore  have  been  extructed ;  but  it 
is  now  exhausted.    The  pure  oxide  contains  79*82  per  cent  copper. 

3.  Cardan  a  l«**-*-The  ^rten  carbonate  or  Tmthchite,  Cu'CO*  +  H*0,  or  CuO.CO' 
+  CuOMO,  occurs  abundantly  in  many  localities,  especially  in  Siberia  and  in  Sonth 
Australia:  the  pure  mineral  contains  07  33  per  cent,  of  copper.  The  blm  caHtonaU  or 
dMfmUt  CxL^RCQ*,  ^T  2{€uO.Cif^)  +  CuO.HO.in  found  in  considemble  quantity  afc 
Chessy,  near  Lyons,  and  has  been  imported  from  South  AuBtralia  in  admixture  with 
the  groen  carbonate.     When  pure  it  contains  dd'16  per  cent,  of  copper. 

4.  Sulphide*, —  Vitreom  or  ^rey  SuJpkidc  of  Oopp^r^  Cu*S,  or  {7m*5,  occut«  frf?- 
quently  in  ComwalL  It  contains  79'79  per  cent*  copper,  but  is  generally  aasociated 
with  iron  to  the  amount  of  0 '5  to  3*33  por  cent. 

Purple  capper,  — This  term  is  applied  to  several  minerals  consisting  of  cnpnms  and 
ferric  sulphides,  combined  or  mixed  in  various  proportions*  Eammebberg  divides 
them  into  three  classes,  the  first  comprising  ores  containing  S6  to  Sfl  per  cent,  of  cop- 
per, the  second  60  to  64  per  cent.,  and  the  third  70  per  cent.  They  form  valuable 
ores,  and  are  abundant  in  Cornwall,  Sweden,  and  many  parts  of  North  America.  The 
mineral  3Cu*S.Fe^S\  or  3Cu*S.Ft^^^  occurs  disseminated  in  the  cupriferons  shale  of 
the  Mansfeld  district  of  Pnissian  Saxony,  and  in  Pennsylvania. 

Copper  pyriUs  or  YeU<^  capper  ore,  CuFeS,  or  Cu' 5.  i^'f'S*.— Copper  34'S  per  cenK 
This  is  the  most  abundant  ore  of  copper,  and  is  found  in  large  quantities  in  Cornwall 
and  Devonshire,  at  Tallinn  and  Atvidaberg  in  Swrcden,  in  fiiba.  South  America,  and 
many  parts  of  the  United  States.  The  Coraish  mines  yield  annually  from  150,000  to 
160,000  tons  of  tbia  ore,  fiwa  which  10,000  to  12,000  tons  of  pure  copper  are  smelted: 
the  Cornish  ore  is  imbedded  in  quarti ;  that  of  Sweden  in  gneiss. 

FaM-ore,  or  True  Grtp  copper  art. — ^This  terra  includes  a  considerable  number  of 
minerals  consisting  of  pmtofiufphtde  of  copper  combined  with  the  sulphides  of  anti- 
mony and  arsenic,  tlio  Clipper  be  ing  more  or  less  replaced  by  iron,  rinc,  sdver,  and  mer- 
cury. The  copper  varies  from  30  to  48  per  cent,  according  to  the  foreign  metals 
present ;  the  mercury  varies  from  2  to  16  per  cent  Fahl-ores  not  containmg  silver 
are  the  richest  in  copper,  containing  48  per  cent ;  in  the  most  highly  argentifeioaa 
ores,  on  the  other  luud,  some  of  which  contain  31  per  cent  sibreE,  the  proportion  of 
copper  may  l>e  as  low  as  16  per  cent — Bournonite  is  a  sulphantimoDite  of  copper  and 
lead,  containm^  417  peroeat  Pb,  and  12'7  per  cent.  Cu,  sometimes  with  a  smafi  quan- 
tity of  iron.     These  ores  occur  in  nnmcron*)  localities,  and  often  very  abundantly. 

Alaeamte,  the  natire  oxy chloride  of  <ropper  irom  Pern  and  Chili,  and  ckryaocolUit 
the  nativo  silicate  found  associated  with  other  copp^  ores  in  various  localitica,  bn 
likewise  n»ed  for  the  extractkin  of  the  metal. 

The  sulphuretted  ores  of  copper  are  found  in  veins  traversing  the  ancient  roeka. 
Near  these  primitive  veins  are  often  found  beds  of  copper  ores^  evidently  arising  from 
decomposition  of  the  mineral  in  the  vein  by  the  action  of  water.  The  first  change 
consists  in  the  conversion  of  the  sulphide  of  copper  into  sulphate  by  the  oxickting  action 
of  the  air  contained  in  the  water ;  the  sulphut^*  then  diiwlves,  and  is  carried  away  by 
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the  water;  and  when  tbia  cnpreoiis  BolutioQ  filters  tkrotieh  beds  of  caxbonato  of  ealcium, 
or  remainB  in  the  cavities  of  suck  caicareouB  bedE^^  double  docompofiition  takes  place, 
resoltiiig  in  Ibe  formation  of  Eulplmte  of  calcium,  which  is  carried  away  by  tlm? 
water»  and  earbonate  of  copper^  which  is  deposited.  If  thia  reaction  tiikea  place  at 
a  high  temperature,  oxide  of  copper  is  deposited,  instead  of  carbonate ;  and,  if  or- 
ganic KubstanceB  are  present,  the  copper  majr  be  reduced  to  milphide  or  red  oxide,  or 
ereii  to  the  metallic  stat«.  Thia  reaction  mar  e!jtpjain  the  occurrence  of  beds  of  ear* 
bonate  aikd  oodde  of  copper  bo  frequentlj  found  in  the  neighbourhood  of  reina  of 
(N>ppc!r  pjntea,  and  of  the  anmll  cxyBtala  of  sulphide  of  copper,  which  are  found  dia* 
seminated  through  certain  bitmmnouB  schista^  aa  in  the  Hanefeld  district  of  Prussian 
SaxoDj* 

Preparation  of  Metatlie  Copper, 

The  processea  of  copper-smelting  Tory  greatly  according  to  the  nature  of  the  ore^ 
The  treatment  of  the  oxidfs  and  carbonates  of  copper  m  comparativelj  simple,  the 
reduction  being  effected  by  meltinp  the  ore  in   contact  with  cnarcoal,  or  other  car- 
rbonaoeooB  matter,  and  a  siiccoua  flux.     The  oxide  of  copper  haa,  howcTer,  a  strong 
itendeiicj  to  unite  with  the  silica,  forming  a  highly  cupiiferoua  elag.     To  prcTcnt  the 
Umb  ih^oe  ariaing,  it  ia  necessary  either  to  add  a  strong  base,  with  which  the  silica 
i]BiBj  unite  in  preference  to  the  oxide  of  copper,  or  else  a  quantity  of  copper  pyritea, 
I  Iron  pyrites,  or  other  milphuretbed  ore,  the  sulphur  in  which  may  combine  with  the 
I  <^76^  •'i^i  reduce  the  copper  to  the  metallic  state,  thereby  preTcnting  it  from  form- 
I  ing  a  silicate.    The  first  method  is  adopted  at  €hee^,  where  copper  ores,  consisting 
cf  malachite,  aznrite,  and  red  oxide,  mixed  with  daVr  hydrated  oxiae  of  iron,  and  cala- 
mine, lu-e  smelted  with  coke  and  lime.    The  second  method  ia  practised  at  the  copper 
works  in  the  Ural,  where  a  mixture  of  copper  ores,  consisting  of  natiTe  copper  im- 
bedded in  quartz  and  magnetic  iron  ore,  malachite,  red  and  black  oxide  of  copper,  &&, 
L  and  copper  pyrites,  is  smelted  in  blast  fumacea  fed  with  wood.    The  metal  obtained 
[  hf  these  operations  ia  an  impure  copper,  called  bluek  copper  {8ckfttarekt^/er,  mdvrs 
Imoir),  whicn  is  purified  or  refined  by  processes  to  be  hereafter  described. 
I       S^iipk^tiretUd  copper  ores  require  a  much  mors  complicated  treatment^  depeuding 
[  mainly  on  the  fact  that  copper  has  a  greater  affinity  for  sulphur,  and  a  less  affinity  for 
[  oxygen,  than  iron  and  the  other  ractaJa  with  which  it  is  associated.     They  are  first 
[roasted,  to  conrert  a  considerable  portion  of  the  sulphides  into  oxides ;  then  the 
lOftst^  ore  ia  melted,  either  in  rererbcratoiT  or  in  blast  furnaces,  with  addition  of 
[  alag  and  other  fluxes,  if  the  ore  doea  not  already  contain  a  sufficient  proportion  of 
I  flOicatca.    During  thia  o^>eration,  the  oxide  of  copper  formed  in  the  roasting  is  rccon- 
Ivated  Into  enlphidei  while  the  iron  which  remained  in  the  rooated  ore  as  sulphide, 
taeee  to  the  state  epoxide.     A  slag  is  then  formed,  containing  the  greater  part  of  the 
on  in  the  ore,  and  a  sulphide  of  iron  and  copjp^r  (coarse  mttal^  Eokstein,  matte 
I  cmvrrueey,  containing  the  greater  part  of  the  sulphide  of  copper  in  the  ore,  and  a  much 
■nudler  proportion  of  sulphide  of  iron.     The  coarse  metal,  which  may  be  deacribed  as 
ft  concentrated  copper  ore,  is  now  again  roasted  or  calcined,  and  the  roasted  pro- 
diict  ia  Igain  fuaed  with  the  slags  of  other  operationa,  frequently  also  with  addition  of 
oiidiaed  copper  ores,  when  such  are  available.     This  operation  yields  a  second  slug, 
containing  a  laigar proportion  of  iron,  and  a  Be<x)ijd  regnlus  containing  a  still  krger 
proportion  of  smplude  of  copper  than  the  flrst :  and  by  repeating  these  calciuiiig  and 
melting  operations,  a  certain  number  of  timeSf  Tarying  according  to  the  nature  of  the 
ore  ana  the  construction  of  the  furnacea,  a  regnlus  ia  at  lengtli  obtained,  consisting 
ftlmost  whoUy  of  sulphide  of  copper.    Now  wncn  this  compound  is  roasted,  with  free 
aoeeas  of  air,  the  first  result  is  to  oxidise  both  the  sulphur  and  the  copper,  the  eulphur 
mainly  going  off  as  sulphurous  acid,  so  that  alter  a  while  there  remains  a  mixture  of 
sulphide  and  osdde  of  copper,  which  compounds,  at  a  certain  temperature,  decompose 
^aai  other  in  such  a  manner  as  to  yield  sulphurous  acid  and  metallic  eopp^  {^'j?* 
2Cn^  +  Cn'O  =  SO*  4-  Cu»).     The  product  of  the  operation  is  a  regnlus  of  metallic 
copper,  Tanring  considerably  in  purity  according  to  the  particular  series  of  operations  to 
vnich  it  has  been  subjected,  and  known  as  coarse  topper^  blister  copper,  Schwarikupfer, 
cmvre  noiTf  &c     This  impure  metal  is  lastly  suljeeted  to  the  rtjinmg  process,  which 
ia  more  or  less  complicati^,  according  to  the  de^eo  of  purity  of  the  coarse  copper. 

The  HTeral  operations  of  caleiniiig  and  melting  are  perfonned  either  in  reTerbem- 

tory  ftimaoeei  or  in  blast  fiiniaoea  similar  to  those  u«ed  in  the  smelting  of  iron,  only 

'  sot  ao  huge.    The  choice  of  one  or  the  other  form  of  luraace,  is  deteimined  by  the 

»  ctrcnmstanees  of  the  locality.    Where  there  ia  abundance  of  coal,  and  of  good  fire-clay 

[  far  the  construction  of  the  furnace,  m  in  the  neighbourhood  of  Swansea  in  South 

Wales,  r«T*Tbcratory  furnacea  are  used  ;  hut  where  these  conditiona  are  not  fulfilled, 

as  in  most  of  the  continental  localities  where  copper  is  smelted,  the  preference  is  given 

to  Uast  furnaces,  partly  bccaose  they  are  lefis  quickly  corroded  by  the  action  of  the 
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melted  elag,  |iartlj  becaoso  thoy  ensure  a  more  economical  consumption  of  tbe  fupl, 
and'lctti  loBS  of  copper  m  the  elugs. 

CappeT'SmdHn^  in  Eewrhtratory  Furnaces  .*  Welsh  Process, 
Ooppcg-BDadting  has  been  carried  on  in  the  British  Isles  from  reiy  c^arlj  times.    Thero 


of  eoppar-worki  in  Northumberlautl,  Cumberland,  and  Yorktfbire  in  the 
zeign  of  Edward  III, ;  and  smelting  works  were  subseqiifntly  estjiblbhed  in  Lnncajihlre, 
Blaffbrdshirft,  Gloucestcrsliirc,  Cornwall,  and  the  neighbourhood  of  Brifitol,  in  most 
I  in  the  neighbourhood  of  copper  mines.     At  all  these  old  works,  blai^t-fumacea 


appear  to  haye  been  u^ed^  In  the  *ievent«>nth  centnrj',  copper^smelting  was  ejct^n- 
mvdy  carried  on  at  Neath  in  South  Wales  ;  but  at  present  the  lai^ei^t  c«pper-worka  in 
Great  Britain  are  at  Swansea,  a  locality  eminently  adapted  for  the  purpo«e,  not  onjy 
by  the  preat  abundance  of  coal  in  its  ncinity,  but  also  by  its  poyition  on  the  coaet^  at 
a  short  distance  trom  Cornwall  and  Devonshire,  the  counties  ^m  whitrh  the  largvvt 
quantities  of  copper  ore  are  obtained,  and  easily  accessible  to  venselfl  conveying  ore 
from  Spain,  South  America,  Aastralia,  and  other  i>arts  of  the  world* 
The  ores  smelted  at  Swmiuea  may  be  divided  into  lave  classed! : 
L  Sulphides  of  copper,  mixed  with  a  large  proportion  of  sulphide  of  iron,  and  only 
a  Tery  small  quantity  of  oxidised  eopper-compounds.  The  gangne  is  formed  of  quartz 
and  earthy  matters.    Proportion  of  copper  from  3  to  16  per  cent. 

2.  Cupriferoiis  pyrites,  similar  in  composition  to  tho  preceding,  but  containing  a 
lar^ger  proportion  of  copper,  viz.  16  to  25  per  cent, 

3.  Cupriferous  pyrites  containing  very  little  iron  pyrites,  or  any  other  subst^ince 
hurtful  to  tlie  qm^ty  of  tha  copper,  but  a  laiger  proportion  of  oxidised  oopper^om- 
pounds. 

4»  Open  consisting  chiefly  of  oxidis<?d  coppcr-compoTind^t,  mixed  with  copper  pyrite« 
and  purple  copper.     &angue  quartzose.     Proportion  of  copper  25  to  45  per  cent. 

6.  Very  rich  oxidised  copper  ores,  free  from  sulphides  and  injurious  substances  ;  they 
contain  frL>m  60  to  80  per  cent,  of  copper,  in  the  metallic  state,  and  as  oxide  and  car* 
bonate.     These  choice  ores  como  principally  from  Chili. 

The  facility  with  which  the  reduction  is  effected,  as  well  aa  the  qutility  of  the  metal 
produced,  depends  in  great  measure  on  the  iiidicioufi  admixture  of  these  several  varie* 
tie*  of  ore.  When  a  plentiful  supply  <jf  oiidee  or  carbonates  can  be  obtained  to  mix 
with  the  sulphides  at  a  certain  fetage,  the  number  of  operations  from  the  first  calcina- 
tion to  the  refining  muy  he  rednced  to  six;  hut  when  only  snlphurons  ores  are  at  hand, 
eight,  or  even  ton  or  twelve  opemtionB  may  be  rt^quired.  The  following  is  an  outline 
of  tlie  process,  as  carried  on  under  the  mo#t  farounible  circumstancea. 

I.  Ctilmiatian, — The  process  is  commenced  with  ores  of  the  first-clasa,  consisting  es- 
sentially of  the  sulphidei  of  copper  and  iron.  They  are  calcined  in  a  largo  reverbcratory 
furnace^  called  the  calciner,  of  which  j^.  132  represents  a  horizontal  section,  and 
^.  131a  Tertiral  section  through  the  line  X  Y  of  the  plan.  The  hearth  of  the  fiirniiee 
is  formed  of  fire-brick,  and  i«  either  sqnnre,  as  represented  in  the  fipure,  or  more  fre- 
quently oblong,  about  20  feet  by  12  feet  beiug  usual  dimensions.  The  vault  desci>nds 
ropitlly  from  the  end  above  the  flro-placo  IV  to  the  opposite  end  R,  where  the  goaes 
enter  the  tall  chimney.  The  furnace  is  charged  with  firom  3  to  3^  tons  of  ore,  by  the 
cast-iron  hoppers  T,  the  charge  being  nnifomtlv  spread  over  the  hearth  bv  means  of 
long  iron  tools  called  stirrinff  rafMrg,  introduced  by  the  side  doors  />,  which  are  four 
or  ftix  in  number,  according  to  the  length  of  the  furnace  The  projections  between 
these  doors  serve  to  prevent  the  chnrge  fnjm  getting  heaped  np  in  the  intervening 
space,  a  position  from  which  it  coul  J  only  lio  removed  by  stirring  from  the  opposite 
side.  The  fuel  used  is  anthracite  mixed  with  J  of  its  weight  of  bituminous  coal,  to 
make  it  cake  together  and  form  a  moss  of  a  due  degree  of  porosity.  The  air  passing 
upwards  through  this  heatcHl  mass  of  carbon,  its  oxygen  is  completely  conTerted  into 
car  Iconic  oxide,  which,  together  with  the  nitrogen,  passes  on  through  the  body  of  the 
furnace,  and  burns  at  the  expense  of  the  air,  which  enteifl  by  the  aperture  a  {fiff,  132), 
situated  near  the  fire-bridge,  and  by  smallor  ai>erturca  in  the  side  doors  ;  the  vault  of 
the  ftumioe  thus  becomes  Med  with  a  long  flame  of  carbonic  oxide,  burning  in  contact 
with  the  stratum  of  air  containing  excess  of  oxygen,  which  enters  by  the  apertures 
above-mentioned,  and  spreads  itself  over  the  hearth.  The  ore  on  the  hearth  is  thias 
constantly  immersed  in  a  stratum  of  oxidising  gas,  kept  at  a  high  temj^varature  by  the 
combustion  of  the  carbonic  oxide  just  above  it.  A  considerable  portion  of  the  sul- 
phur in  the  ore  is  thus  converted  into  anlpharous  acid,  which  escapes  by  the  chimney, 
the  copper  and  the  iron  being  at  the  aarae  time  partially  convert45d  into  oxides.  The 
calcination  Lists  from  12  t<»  24  hours,  the  charge  being  stiireil  from  time  to  time  to 
expose  a  fresh  surface  to  the  oxidising  atmosphere,  and  the  heat  regulated  so  as  not  to 
permit  the  particles  to  clot  or  sinter  together,  the  tendency  to  which  diminishes,  how- 
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«Ter»  as  tho  calcioatioji  procredfi.  Wfai*ri  the  calcination  is  completed,  the  ore  ih  rak^ 
ioto  the  holes,  r  r,  on  the  sides  of  the  hQurth,  tLrongh  which  it  falls  mto  the  vault  U 
bdoWf  where  wat^er  is  thrown  upon  it. 

Fiff.  131, 


Fiq.  132, 


An  idea  of  the  cliAaffe  which  t-tikos  j  I 


inlng  proicpi*f(,  may  he  gatheretl 


from  the  foUowing  anilvaes  of  sampler  ft  r.nv  anl  'uli  med  on\  hy  Le  Play.  {Descrip- 
i  turn  deaprocidis  mikdlurpque$ emjdoyis  dans  leFays  de  GailcsjMur  kt  fabrication  du 
\  Cmvrt,    Paris,  1848.) 


Bate  ore* 

Ouproiw  oxide,  Ca*0 

0-4 

Copper  pyrites 

.     227 

Iron  pyrites,  FeS     . 

22*4 

Various  BidphidcB    . 

10 

Sesqaioxidti  of  iron  . 

0'6 

Varioas  oxidi» 

0-3 

Silica       ,         .         .         . 

3f3 

E;irthy  ashes  - 

20 

Water  and  carbonic   acid    ii 

I 

oombinatioD 

05 

Calcined  ore. 


Scsqnisulphide  of  iron  (Fe*S") 


Sulphuric  acid  combined 


6-4 
11*2 
11-2 

0-6 
IM 

0*6 
34*3 

2-0 


filtaiaipliene  oxygen  eon^imod  hy)  ,^.q 
tlui  mtKnint  of  ore  in  the  ctdcinatioD  \ 


&42  78'1 

j  ETolTcd  J  Water  and  earbouie  add  0*6 
I  as  gas.  (Sulphurous  acid.        .    21*4 
100^  lOUO 


The  loss  of  weight  which  ownured  during  ealciDatioD,  was  found  to  be  7 '2  per  cent 
ftlid  tlic  loss  of  smphur  ol  &  per  cent,  of  the  total  in  the  ore. 

2.  Mdtinq  of  thit  calcined  orf.  —  This  process  is  performed    in  a  reYcrheratory 
,  fbrnaoe,  called  tho  ore-furnace,  represented  in  figures  133,  134. 

I  H»\  is  a  mixture  of  2  pts.  iinthmcite  and  1  pt,  bituminoua  coaL     The  teuipcratunj 
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it  xaiMd  higlier  th&n  in  the  calcining  furnace,  by  increasing  the  draught  The 
tieartli  is  fbrnied  of  slag,  and  ha»  a.  doprvasod  basin  at  B,  into  whick  the  melted  metal 
sinks.  The  charge  consists  of  the  c-aiciucd  product  of  the  preceding  opemtion  mixed 
with  meial  alag^  a  produet  obtjiined  in  opcnition  No.  4^  and  sotnetiniea  with  uuroa^ted 
ore  of  the  thira  class  (p.  24),  and  u  ce^rtidn  qnaiititj  of  fluor  spar  to  render  the  slag 
more  fluid.  The  oxidea  and  Bulpbidea  decompose  one  another,the  products  being 
diieflj  fiilpbide  of  copper,  oxide  of  iron,  which  passes  into  the  ^lag  oa  ailicati^  and 
BalpJiimnig  add,  which  escapes^  the  oxidation  of  the  eulphnr  b&ing  alao  jpartljr  dne,  aa 
ill  the  pireoeding  oporAtion,  to  the  action  of  the  air  in  the  furnace.  The  proceaa  ii 
eomplc^  in  ftrar  or  five  hours.  Tho  products  consist  of  a  regulus,  called  amrBe  metal, 
eootdnin^  the  greater  part  of  the  copper  as  adphide  and  a  certain  quantity  of  sul- 
phide of  iron,  and  a  slag  neh  in  iron  and  containing  numerous  siliceous  fragments 
diMeminated  thioogh  it^  which  girc  it  ii  muddy  consistence.  Thia  slag  is  raked  out 
of  the  furnace  by  a  rabble  introduced  through  the  doorp,  and  fails  into  a  seriea  of 


Fiff.  133, 


134. 


rectangular  caTities  U,  formed  in  a  bed  of  siind.  At  the  same  time,  the  melted  i 
met4il  collected  in  tho  baain  B,  is  nm  out  by  a  tap-hole  at  the  bottom  into  a  3 
Toir  R,  containinff  watw,  whereby  it  is  gmnukted. 

The  coarsr  m^ 6r;  containa  about  33  per  cent  of  copper.  It  is  brittle,  and  easily 
pttlvensed:  its  fntcturcd  amfeice  is  non-crj-atalline,  uneven,  more  or  less  gninuJjir, 
generally  vcHicubr,  and  of  a  bromo  colour.  The  following  analyaea  have  been  made 
of  it  by  Leplay  and  by  Napier. 
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Comfoiiiim  of  Coarse  MeUtL 


(mean). 

33-7 

33-6 

10 

07 
03 


Copper 
Iron 


Kipter. 

211— 39-5 
33-2— 36-4 


'  Klekel,  cobalt,  mangiineiid 

Tin 

I  Anomc    .        «        *        . 

I  Bolphttr    .        .         -         .        .29-2        Sulphiif  .         .         ,        ,     45*fi — ^25*0 

Slag  medittQically  mixed  .         .       1*1 

The  ftkgf  called  ore-furnace  slttg,  gonorallj  consists  of  a  Tiard,  brittle,  black  mfttrix, 
in  which  are  imbedded  ghaqj  angular  piec^e*  of  white  quartz.  It  frequcxitly  con- 
tttini  Bmjdl  shots  of  coarse  mettd.  If  tbe«e  are  numtfmns,  the  &lag  must  bo  n>melted 
is  mibaequeiit  opemtions.  Its  avenige  oompoaition,  m  detenuini^  bj  Loplaj,  is  qjs 
follows:  — 

CompoaiUon  of  Ore-fumaet  Sl^. 

Qunrtz  in  admixture 30*5 

Silica  in  combiDatioa .300 


Alumina 

Pixjloxide  of  iroo 

Lime  .        .        , 

Magnesia 

Various  oxides  (of  tin,  mangauese,  nickel,  and  cobalt) . 

Flnorine I'O 

Calcium 
Copper 
Iron    . 
Sulphur 


1"0] 
0"6) 

0-c) 


2*9 
285 
20 
06 
I'i 

21 


2-0 


lOO'O 


I  This  elag  has  nearlf  tlie  comnomtion  of  a  forrous  mctasiHcate,  Fe'SiO*  or  IFeO.^iO', 
It  appears,  then,  that  in  tne  melting  process  in  thi^  ore-fumace,  a  counidemble 
rtioD  of  the  iron  of  the  calcined  ore  is^  removed  in  the  elag,  and  the  whole  of  the 
Sfsopper^  excepting  the  aouill  portion  which  pasaefl  into  the  akg,  ia  coooentrated  in  a  re- 
alm oantaining,  on  the  aTera^e,  as  mnch  copper  as  pure  copper  pfrites  (p.  22).  The  re- 
QctioD  of  the  aeeonioxide  of  iron  in  the  ciilcined  ore  to  protoxide  is  due  to  the  action 
of  the  solphur,  which  is  oxidised  to  sulphurous  acid  at  the  expense  of  the  ferric  oxide. 
Any  copper  that  may  exist  tn  the  state  of  silicate  in  the  mrtai  jslfiff,  forming  part  of  the 
chiu^  of  the  ore-furnace^  is  converted  into  cuprous  sulphide  by  mutaitl  decomposition 
with  the  sulphide  of  iron,  which  is  alwaja  present  in  this  furnace,  and  passen  into  the 
cowemetaL 

&.  Calcination  of  the  granidaied  coarn  meUd^ — This  operation  is  performed  in  a 
ealeiiuxr,  with  &ee  access  of  air,  the  charge  bein|^  f^qentlj  stirred  and  turned  orer. 
The  calcination  ia  complete  in  about  24  hours,  the  heat  being  gmdually  ruined 
towaids  the  end  of  the  process.  No  eatisfact/ory  analysis  of  the  calcined  product  has 
jet  been  made.  Leplny,  howcTcr,  found  that,  in  a  sample  of  coarse  metal  coutainitig 
33*7  per  cent,  copper,  34*2  iron,  V5  of  Tarious  other  metala,  29  6  sulphur,  and  M  »lttg» 
the  proportion  of  sulphur  was  reduced  by  calcination  to  16*4  per  cent  The  sulphur  is 
erolfea  aa  anlphurous  and  sulphuric  acids, 
'  4.  MiUimi^  of  the  cafdrnd  coarsr  inttu!, — ^The  calcined  product.  No.  3  is  melted  with 

addttioil  of  matters  rich  in  oxide  of  copper,  namely,  roaster  and  rejinery  slags,  and  a 
qautity  of  ores  of  the  fourth  class  (p.  24),  consisting  of  oxides  and  carbonatee  of 
eoppcr.  The  furnace  is  similar  to  the  ore-furnace  {Ji^.  133),  excepting  that  the  hearth 
luui  BO  baain.  The  process  is  conducted  in  a  «imilaj  manner,  excepting  that  it  ie  con- 
tinued two  houn  lon^,  and  the  heat  is  nuaed  higher.  The  reaction  consists  mainly 
in  a  double  decomposition  between  the  sulphide  of  iron  and  oxide  of  copper,  whereby 
oxide  of  iron  is  formed,  which  paasea  into  the  sla^  as  silicate^  Aud  sulphide  of  copper, 
which  forms  the  regulue ;  Tery  little  milphnrons  acid  ia  eTolTcd.  The  slag  is 
skimmed  off,  and  drawn  omt  of  the  fiirnace  through  the  end  opening  below,  where 
sand-bMs  are  placed  to  receivp  it  The  regnlus  is  tapped  off  into  sand-moidds  imme- 
diately in  front  of  and  below  the  tap-hole  of,  the  furnace. 
The  oompoflition  of  the  regulus  produced  in  thiti  operaJtion,  Tanee  with  the  proportion 
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of  oside  of  copper  mixed  with  the  calcined  coarse  metoL  When  a  Bufilcient  quantity 
erf  oxide  and  carbonate  can  be  added  to  decompose  the  whole  of  the  sulphide  of  iron 
present  tlie  regidos  haa  Tery  nearly  the  compoeition  of  cuproua  enlphide,  Cu^S,  the  d»* 
compoaitioa  taMng  place  aa  represented  by  the  equation  — 

Ca'O  4-  Fe^  +  ^SiO«  =  Cu*S  +  Fe*0.*SLO*. 

The  regnliti  ftxnned  under  these  circnmstancea  ia  called  white  mrial.  It  has  a  dark 
bluish  grey  coIouFi  Mid  faint  metallic  lustre,  ia  compact  and  bnttlo,  with  iineTren,  gra- 
nular, and  mope  or  leca  crystaUino  fractnrc.  It  contains  on  the  aTcrage  73*2  per  cent 
copper.  A  sample  analyaed  by  Leplay,  of  specific  graTity  6-70,  contained  77  4  per  cent 
copper,  0'7  iron,  with  traces  of  nickel  and  cobalt  01  tin  and  arseuic,  21-0  Bulphur,  and 
0*3  alag and  aand.     Pure  cuprous  sulphide  contains  80  per  cent  copper,     (See  SiiLPHroKS 

OF  CoPFBtt  AXD  1bO»,  11.  77). 

The  alag»  called  fneia^-alag,  is  brittle^  compact,  and  occasionally  Teiy  crystalline,  of 
blufr-grey  to  bronze  yellow  colour,  and  in  dining  ti  metallic  lustre.  An  analysis  by 
Leplay  gaTo : 


Silica »3*8 

Alumina  *  -  •  •  •  ^'^ 
Prt>toJcide  of  iron  .  .  .  6fi*0 
Cuprous  oxide  ,        *        ,0-9 

Yarioua  oxidca  *  .  ,21 
TJma         •  .         •         «  •        1'4 


Magnesia  »         *         .        .        .     0-3 


1000 


If  the  proportion  of  oxidised  copper-compounds  in  the  chaigie  ia  less  than  what  is 
requtrrd  for  producing  white-metal  of  the  composition  abore  giTen,  the  rwgulus  will 
contain  a  considerable  quantity  of  iron,  constituting,  &om  its  colour,  what  is  called 
hlu£  mttat;  white-metal  indeed  passes  insensibly  into  blue  metal  as  the  proportion  of 
iron  increuet. 

Mine  metal  always  contains  metallic  copper  diffused  through  it  in  very  minute 
particles,  and  protruding  into  the  int-erior  of  cavities  in  the  mass,  in  delicate  bair-like 
maments.  The  manner  in  which  this  metallic  copper  is  formed  is  not  very  clearly 
underetood ;  but  the  reduction  appears  to  take  place  during  cooling,  and  to  depend 
upon  a  reaction  between  the  sulphide  of  copper  m  the  regmus  and  the  oxides  in  the 
ilag.  When  the  oxidised  copper-compountk  in  the  charge  arc  in  excess,  some  of  the 
copper  is  likewise  reduced,  and  a  reg^ulus  is  formed  similar  for  tht*  most  part.,  in  cora- 
poBitiOQ,  colour,  and  properties,  to  whito  metal,  but  exhibiting  on  its  upper  atirface 
namGfous  pirn  pie -like  excreaceRcea^  whence  it  is  called  pimnk^mtial. 

5.  Roajttntg  of  the  White  or  Sim  metal.  —  In  this  operation,  the  sulphur,  which  hod 
hitherto  been  retained  in  union  with  the  copper  as  an  age  at  of  concentration,  is 
finally  expelled  in  the  form  of  sulphnioua  acid,  and  at  the  same  time  certain  foreign 
metais,  namely,  arsenic,  antimony,  iron,  cobalt  nickel,  tin,  &c.,  are  removed,  by  con- 
version either  into  volatile  oxides,  or  into  silicates,  which  pass  into  the  slag.  The 
proiH^s  consists  of  two  successive  reactions,  which  take  place  in  the  same  fiimace : 
1.  The  direct  action  of  the  air  on  the  metal  kept  at  a  tempemture  near  its  melting 
point ;  2.  The  reaction  of  the  oxide  of  copper  thus  formed  on  tho  sulphides  not  de- 
compoaed  hy  the  roasting,  whereby  sulphurous  acid  is  evolved,  and  copper  reduced  to 
tlio  metallic  state.  The  metidlic  copper  thus  obtained  ia  called  biiattr  ctyppv,  from  the 
appdirance  of  its  surface.  There  is  also  formed  a  slag  very  rich  in  copper,  called 
roasitr-^g^  which  is  added  to  the  fumace-chax^  in  the  smelting  of  the  odeined 
grantiiiied  coarae  metal  (No.  4). 

The  operation  is  performed  in  a  reverberatory  furnace  simile  to  the  melting 
furnace  ( J%f.  133),  hut  having  a  side  door  by  which  the  pigs  of  regulus  are  introduced : 
and  lateral  openings  near  the  fire-bridge  for  the  admisaion  of  air.  The  rich  oxidised 
ores  of  cla8S  6  (ii-  24)  arc  added  to  the  chai^.  In  half  an  hour,  the  pigs  begin  to 
melt  ^^^  the  temperature  is  eo  regulated  that  the  fusion  may  be  complete  in  six  or 
eight  hours.  The  surface  of  the  melted  mass  appears  to  hoil,  owing  to  the  escape  of 
eulphuroiii*  acid,  produced  by  th©  mutual  decomposition  of  the  oxides  jind  tiulphides. 
The  ahig  which  forms  on  the  snx&oe  of  the  melted  regulna,  is  skimmed  off  twice  during 
the  operation,  once  immediately  alter  ftiffion,  and  a  second  time  just  before  tapping. 
After  a  while,  the  temperature  of  the  furnace  is  lowered  sufficiently  to  allow  the 
Mgulufl  to  solidify.  When  it  has  become  pasty,  its  surf  see  ia  thrown  up  into 
crfttars^  in  consequence  of  the  continued  erolutiou  of  gsa,  whereby  the  extent  of 
surface  exposed  to  the  air  is  greatly  increased  and  the  oxidation  assisted.  Finally, 
the  rogulus  is  again  melted  into  sand-moulds,  where  it  solidifies  in  the  form  of  biUtlr 
copper. 

The  following  are  analyses  of  blister  copper  and  vonster  alag» 
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Sliaer  copper,  L*pl»jr. 

Cespper 98*4 

Iron  ,  •  ,  .  ,  07 
Niekel^  colialt^  maiigaiieso  *  0-2 
Tin  ttiid  un«iLie  .  ♦  .0*4 
Sulpbur 0  2 

lUU'O 


Xirpler. 


97-5 
07 
It) 
0-2 

100*0 


98-0 
0*5 
0*7 
0"3 

oa 

lOO'O 


98a 
0-8 
00 
0-1 

^0 
lOO'O' 


Hoattfrtlag.  L«plAf. 

Silica .  47'6 

Atrnninn 3'0 

GnpKNia  cmde       .        .        • 16-9 

Perronii  oztde 280 

Oxidea  of  nickel^  cobalt,  nmnganeao        .        ,         .        .09 

Stannoiis  oxido 0*3 

Lune  and  magnesia       .......  traces 

Metallic  copper      .,....•,  2*0 

986 

Aceotding  to  Xepky,  roaster-itlag  coat&iiifl  on  an  average  20  per  i^eut.  of  copper, 
indiudTe  of  that  present  in  the  metallic  state.  It  is  TedmLir,  more  or  less  scoriaeeous, 
of  daxk  reddiah-bpown  colour,  vimed  hew  and  them  with  greyish  hJack,  and  without 
metallic  lustre. 

fi.  Billing. — This  \a  the  last  operation,  and  Ha  object  ij  to  remove  the  foreign 
naetala  and  tho  remainder  of  the  Bnlphiir.  The  rcagenta  bj  which  tlmi  change  is 
efiectod  are,  the  oxygen  of  tho  air,  and  the  siliceous  matters  of  the  hearth  and  walla 
of  tho  fonuu^e,  together  with  those  which  are  ftirniahed  by  the  sand  adhering  to  tho 
pigB  of  blistered  copper.  The  refinery  furnace  is  simihir  in  **on»tructiuii  to  a  melting 
fanaoe,  excepting  th tit  the  bottom  inclines  gnidnally  from  all  sides  towariJs  the  dcepwit 
part,  which  is  near  the  end  door*  and  there  i«  u  large  door  on  one  sidcp  but  neither  a 
tkolis  in  tho  loof  nor  a  side  tap-hole.  Tho  furnace  m  ehai^d  with  &  or  S  ton^  of 
pigs  of  bliBt«red  copper,  which  are  melted  and  exposed  for  about  15  hours,  to  the 
oxidising  action  of  the  air  which  enters  the  furoace.  The  oxide  of  copper  formed, 
acts  either  immediately,  or  after  combining  with  aitica,  on  the  sulphur  and  metab  mere 
oxidable  than  the  copper^  thereby  oxidi^iing  and  cansing  them  to  pass  into  the  alag, 
together  with  the  excels  of  oxide  of  copper.  The  slag  m  skimmed  off  through  the  end 
opening. 

The  copper,  tbm  freed  from  foreign  metals  and  Bulphur,  is,  howercr,  in  a  peculiar 
state,  being  intimately  mixed  with  a  conidderable  quantity  of  red  oxide,  which  destroys 
it0  inaUeability ;  in  thi£»  state  it  is  called  dr^  copper.  To  deoxidise  and  t&mhen  it^  a 
quantity  of  anthracite,  or  free-burning  coal — charcoal  was  formerly  used — is  thrown  on 
the  BuHaoe,  and  after  a  short  time,  a  large  pole  of  oak  or  birch,  the  greener  the  better, 
i«  thrust  into  it,  and  kept  down  by  fixing  a  prop  under  the  end  which  pro  trades  from 
the  fomaoe.  Under  tho  influence  of  the  high  temperature,  tho  wood  gires  off  a  large 
quantity  of  rednciDg  gases,  which  cause  the  metal  Co  boil  yiolrntly,  carrying  the 
particles  of  carbon  below  its  sm^aoo,  and  greatly  accelerating  the  reducing  action. 
After  twenty  minutes  of  this  treatment^  which  is  callod  polinff,  the  refiner  takes  out  a 
sample  of  the  melted  metal  in  a  small  ingot -mould,  and  when  the  ingot  is  cold,  places 
it  on  an  anril,  and  tests  its  quality  by  hammering.  As  soon  as  it  is  found  to  posseaa 
ibm  characters  of  good  metal  {toti^h  pitch),  the  surface  is  again  skimmed  as  &st  as 
possibls,  and  tho  metal  ladled  out  into  moulds.  Should  the  metal,  daring  the  process 
of  iMillwig,  become  more  or  less  dr^  by  oxidation,  it  is  again  poled  for  a  short  time, 
Ji;  on  tlie  eontrarf,  the  poling  has  been  continued  too  bng;  the  copper  again  becomes 
brittli^jprobably  because  the  oxides  of  certain  other  metals,  lead,  antmiony,  &c.  present 
in  smul  quantity,  are  reduced  by  the  poling,  and  the  copper  consequently  becomes 
aUogred  with  these  metals ;  in  this  state  it  is  said  to  be  otrrpoled.  To  remedy  this 
defoefet  the  surface  is  uncovered,  and  exposed  for  a  short  time  to  oxidstion.  When 
tbs  oopper  is  intended  for  roUing,  a  certain  quantity  of  lead  may  be  advantageously 
added  to  it  just  be&re  ladling.  Tho  proportloD  used  is  rery  variahle,  sometimes  as 
mnch  as  80  Ibai  of  load  to  6  tons  of  copper,  sometimes  not  more  than  from  14  to  30  IIm. 

The  rtfimry'da^  is  Yvrj  rich  in  copper,    A  specimen  analysed  by  Leplay  contained : 


Bilica 47-4 

Alumina  .....  2'0 

CTv^irons  oxide  ....  36'2 

Faiooi  oxide  ....  3*1 

Oiidfla  of  nickel,  miinganefle,&c.  0*4 


Stannous  oxide 

Lime       . 

Magnesia 

Shots  of  metallic  copper 


0-2 
10 

0*2 
9-0 

00-6 
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A  specimen  examined  by  Dr*  Percy  contained  579  per  cent,  copper  existing  as 
cuproaa  oxide,  and  2'05  met-alHc  copper ;  mukmg  a  total  of  00*65  per  e«iit*  ooppen 

It  htm  already  befn  obsfrred,  that  when  a  plentiful  supply  of  rich  oxidiaed  ores 
cannot  be  obtained,  the  calcinationB  and  fusions  hava  to  be  repe^ited  a  greater  Dumber 
of  times:  thus^  instead  af  Jtt  once  subjecting  th©  white  or  blue  metal  resulting  from 
the  melting  of  tho  calciiHKl  coarse  metal  to  the  process  of  rtfOsthifflBa  aboTe  described), 
it  IB  ueoeefiiLiy,  under  such  circumstances,  to  calcine  it  again,  and  subject  the  calcined 
product  to  an  additional  melting  before  commencing  the  roasting. 

The  meitd-'skig  (No.  4),  and  likewise  the  ore'/umace  slag  when  it  contains  namerons 
shots  of  regulufl,  are  some  times  remelted  in  order  to  concentrate  the  regulus  which 
they  contain. 

Lastly^  we  must  notice  the  process  of  making  what  is  called  **  best  selected  copper/' 
which  is  merely  a  Tcry  pure  metal  used  for  tine  purposes^  especialty  far  making  the 
beet  brass.  The  process  consists  in  melting  one  of  the  numerous  yaneties  of  blue  mftal, 
and  lapping  it  into  a  series  of  moulds  or  sand-beds.  The  pigs  nesxest  to  the  furnace 
then  contain  the  greater  portion  of  the  metallic  impurities,  while  those  more  remote 
contain  a  pM^r  regulus,  which  is  then  roasted  and  refined.  Another  method  is  to 
ro&at  the  blue  metal,  or  pimpk  metxti^  till  about  half  the  copper  is  n-dooed.  Th« 
residual  metal,  called  rrguiCt  ie*^  result ^  or  s^ngt/  rcguk^  10  Efterworda  roiibted  mxA 
refined  by  itself. 

Copper  Sfneiting  in  Blast  Furnaces, 

This  is  the  method  chieiy  adopted  on  the  continent  of  Europe,  as  in  Sweden  and 
in  Germany. 

Swfdish  process, — Tb<^  Swedish  copper  ores^  the  principal  mines  of  which  are  at 
Fahlun,  in  Dalecarlia,  and  Atvidaberg^  in  Obtrogothiaj^  consist  of  copper  pyrites  mixed 
with  A  lajge  amount  of  iron  pyrites  and  siliceous  minerals. 

L  Roasting  or  C'o/^rinfl/ibfi.^The  ore  is  iirst  rmuted  either  in  kilns  formed  by  walls 

built  in  the  manner  shown  in  fy.  135, 
Ftg.  136.  ^j,  in  ^^^^  m'niimdal  heaps,  most  fre» 

quently  the  fatten  In  either  ease,  a  bed 
of  wood  about  12  inelioa  high  is  formtni 
on  the  ground,  and  on  this  the  oro 
\s  piled  in  alternate  layers  with  small 
charcoal,  to  the  height  of  2  or  3  feet  in 
the  kibs^  and  10  or  12  feet  in  the  heaps. 
By  this  means,  a  large  portion  of  tho 
salplmr  is  burnt  away,  while  the  iron 
is  chiefly  oxidised,  as  in  the  Wi4sh 
process  of  calciuaUoii.  The  roasted  ore  should  retain  sufficif^nt  sulphur  to  fumisli, 
when  smelted^  a  regulus  yielding  fk^m  20  t^o  30  per  rent,  of  copper. 

2.  Fugitm  of  the  rouMtd  orc^Tbe  roasted  ore  is  next  mixed  with  Uack  copper  sJag 
li  product  obtained  in  the  fourth  operation,  and  containing  a  laige  amount  of  irc»D. 
The  ^portions  should  be  so  adjusted  as  to  vieid,  when  smelted,  a  wpruliis  containing 
from  2 (J  to  30  per  cent,  of  copper,  and  a  slag  naving  nearly  the  composition  Fe*8iO'.  or 
3FeO»2@tO',  which  is  found  to  possess  the  proper  degree  of  liquitlity.  The  mixfiire 
of  ore  and  black  copper  slag  is  smelted  with  coke,  or  a  mixture  of  coke  and  charroal 
in  a  eafjola  {S(^hachtoftn\  called  the  ore-funiace,  ahont  18  feet  high^  the  fire  being 
urged  by  a  blast.  The  regulus  obtained  is  a  mixture  or  compound  of  the  subsulphidest 
of  copper  and  iron. 

3.  RoaMing  of  the  regvlits^—The  regulus  is  next  roasted  in  a  range  of  kilns  con- 
structed on  each  side  of  a  medium  wall  in  the  manner  r©pi«»ented  in  Jig.  IZ5.  The 
roasting  is  repe4ited  four,  five,  or  even  six  times.  When  the  first  firing  is  finished,  the 
rcguln»  is  transferred  to  the  next  kiln,  then  to  the  next,  and  so  on  till  it  is  roasted 
*'  dead  "  or  *'  sweeL'*  No  charcoid  is  addod  in  the  first  firing,  but  in  the  second  1^ 
measure  of  charcoal  is  spread  upon  the  wood,  and  the  quantity  is  incresiaed  in  each 
successive  firing,  till,  in  the  sixth,  12  meJL-^urea  of  charcoal  are-  added,  forming  thre« 
layers,  indnding  that  on  the  wood.  The  entire  roasting  generally  last'^  from  seven  to 
eight  weeks.  Daring  the  roasting,  oxide  of  zinc  is  formed  from  sulphido  contained  in 
the  regulus. 

Fusion  ffvr  Mack  oopper.— -The  roasted  regulus  from  the  last  opcmtion  is  next 
Bmclted  in  the  Uack  capptr  fimiace,  which  is  ^\m  a  cupola,  but  of  smaller  dimensions 
than  the  ore-funmce,  iu  admixture  with  a  roasted  regulus  {thin  n^gidns)  obtained  in 
preeetling  operations,  also  with  f^iwry  *?<^*,  fomace-residues  contJiining  copper,  and 
ort'furmtct  shga,  sometimes  also  with  addition  of  quarta.  The  products  are  thu^k 
e<fpper  {SchwarUkup/cr\  an  impure  metallic  copper^  80-ffl*lled  from  ita  superfickl  crust 
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of  black  oxide;  thin  rtguJm,  containing  from  65  to  72  per  cent,  of  copper  j  and  hlnck 
\  topper  slag^  chiollj  consisting  of  silicate  of  iroD,  but  contstinlng  about  1  per  cent  of 
I  copper.     This  elag  is  added  to  the  charge  of  tho  ore-furnace  in  a  8uba«quent  operation, 
and  the  thin  regulna  ia  remelted  in  a  sabseqiaent  fusion  for  black  copper. 

The  bUck  copper  haa  lastly  to  be  refiwdt  to  free  it  from  sulphur  and  foreign,  metala. 
This  ia  effected,  aa  in  the  Welsh  proceBS^  by  melting  it  under  a  layer  of  charcoal,  and 
\  pubjeetiiig  it  at  the  same  time  to  the  action  of  a  current  of  air.     The  arrangements  are 
I  similar  to  those  oaed  in  Qermany,  which  will  be  present! j  deaciibed. 

Th*  following  are  analyeea  of  the  bl{u:k  and  refined  copptr  of  Atridaberg,  made  at 
the  atnitig  school  of  Fabian :  — ' 

Bltck  eopp«r*       Refined  copper. 

Copper .         .     94*39  99-460 

Iron 204  0111 

Zinc 1-65  — 

Cobalt  and  nickel 0-63  0-110 

Tin  ,         , 0*07         scarcely  a  trace 

Lead O'lB  ditto. 

Silver Oil  0^065 

Gold         .......       not  looked  for  0-00] 5 

Sulphur 0-80  0*017 

AzBoaio traco 


09-78 


99*7645 


]  The  greater  part  of  the  oobdt  ia  separated  in  the  refining  and  becomes  concentrated 
fin  the  ala^L, 

Mansftld  proeesM, — The  copper  ore  of  the  Manafeld  district  in  Prussian  Saxony 
'  I  of  aigillaceons  schista  {Kupfrr-schiefer),  largely  impregnated  with  bitumen,  and 
I  copper  pyrites  diaseminated  in  small  crystals.    The  schist  is  first  roaeted  in 


%,  136. 


^.  1*7. 

mmn  hi.h  ii.i,,ii».iiii.i|[iii,nif|t)^^ 


IfyTunidat  heaps  on  bo^ls  of  wood.    Yery 

rSttZe  fiid  is  required,  the  fire  being  kept  up 

r^  the  combustion  of  the  bitumen  contained 

lia  the  9chijit«     The  roasted  ore  ia  then 

I  mixed  with  from  6  to  8  per  cent,  of  fluor 

I  ipar,  eopriferoiis  alagfhjin  mibsoquent  stages 

Icn  preceding  operatioua,  and  often  with  small 

Vqnantitiee  of  cupriferous  schists  containing 

f  carixmate  of  lime.    This  mixture  is  smel  ted 

:  in  enpolaa  firom  15  to  20  feet  high,  heated 

I  witfi  coke.  Fig.  136  is  a  vertical  section 
of  the  furnace,  passing  through  one  of  the  biyrrrn.  Fig.  137  is  a  frtmt  new,  with  » 
iectiou  of  the  Iowct  part  of  the  shaft  This  lower  part  of  thi-  crucible  is  formed  of  sdi- 
«eo«  grit,  the  npper  part  of  brick.    The  fUmiice  (tho  orc-furuuce)  has  two  tuiftrt*  1 1, 


32 


COPPER, 


ploeed  «itlu»r  on  the  eamo  side  of  the  sbftft  (as  in  the  figure),  or  on  op^»ostte  sides.  At 
the  bottom  ot  the  crucible  Am  two  apertun-s,  oo\  which  upo  opened  alternately  to  allow 
the  Ibsed  products  to  ruo  into  the  baHi'iia  C  C.  The  funuice  is  filled  with  ore  tmd  fiutt 
ID  altenukte  la^yen.  The  regulus  and  slag  ore  constantly  numin^  from  the  furnace  into 
one  or  other  of  the  basins  C  C.  The  slag  is  moulded  into  krge  bridts,  which  B«rve 
for  baHding.  The  regolos  (Eohsl^in)^  v^hich  doefl  not  amount  to  more  than  3^  ot 
the  weight  of  the  roiiited  ore,  i^  composed  of  cuprous  sulphide,  Cu*S,  and  ferrous 
sulphide,  F^S,  and  eontains  from  20  to  60  per  cent,  of  copper,  aceerding  to  the  niituiv 
of  the  ore.  The  poorer  kinds  of  regains  contaiuiiig  from  20  to  30  per  cent,  of  copper 
are  roasted  three  times  on  beds  of  wood^  and  again  smelted  with  ala^  from  preceding 
operationA,  thoao  being  selected  which  lay  immediately  above  the  regains  in  the 
basins  Q  &.  A  new  regnlus  (Spur»iein)Aa  tbua  obtained,  containing  as  largo  m  propor^ 
tion  of  copper  as  tbo  first  regidtia  of  the  richer  ores. 

The  richer  reguli  (Spuratein  and  Biinrntdn)  ore  roasted  six  times  in  succession  ou 
beds  of  wood  in  kilns, —  brick-walled  kilnn  like  those  represented  in  %.  136  (p.  3l>]. 
Dtiring  the  roaating  a  oonaiderable  quantity  of  sulphate  of  copper  is  formed,  which  is 
removed  by  liriviation  and  crystallised. 

The  roasted  and  lixiviated  re^na  (  Gaarrott)  is  now  smelted  with  a  due  proportion 
of  sUg  in  a  blast  furnace,  similar  to  that  represented  in  Ji^,  1 36,  but  smaller.  The  pro- 
ducts are  Uack  (dipper,  a  rich  regulus  {Dunnstein),  which  is  added  to  the  second  Tegulns 
obtained  in  the  preceding  operation,  and  slag.  The  black  copper  is  removed  in  the 
form  of  discs,  by  throwing  water  on  the  surface  so  as  to  form  a  solid  crust.  It  eontalDS 
about  ^6  percent,  of  copper,  3  or  4  per  cent  of  iron,  and  small  quantities  of  silver  and 
antimony. 

The  quantity  of  silver  in  the  block  copper  is  generally  si^cient  to  render  its  extrac- 
tion ppofitahla  This  is  effected  by  a  prtwcss  cxilk^  eii^taiion^  depending  on  the  fact 
that  load  forms  with  silver  a  more  fusiblo  allny  than  witb  copper.  The  urgent  if eroua 
cop|>?r  is  melted  with  h  iid  (argentiferous  lead,  if  it  can  bo  had),  and  the  mt^ted  alloy 
is  either  suffered  to  eot>I  very  wbwly,  in  which  c^ise  the  copper  soiidifiea  first  in  com- 
bination with  a  portion  of  the  lea^l,  while  ilw  reatof  tholead»  in  combination  ^nth  nearly 
the  whole  of  the  silver,  remains  liquid,  or  the  whole  of  the  fmfed  mass  is  c-ast  into  discs', 
which  are  then  ■nbji'cted  to  a  gradually  increasing  beat,  the  effect  of  which  is  to  melt 
out  the  silTer  in  combination  with  part  of  tbo  lead*  while  an  aUoy  of  lead  and  cop[>er 
remaitui  in  tbesol  id  state.  The  argentiferous  le-ad  is  then  cupelled  to  separate  the 
BtlTflr.    (See  SavBu,) 

The  alloy  of  lead  and  copper  thus  obtained*  still,  however,  retains  a  small  portion 
of  silver,  which  is  sometimes  separated  from  it  by  subjecting  it  to  a  higher  tempesrature 

in  contact  with  acunvnt 


Fig.  138» 


of  air,  whereby  a  fresh 
portion  of  lead  contain- 
ing silver  is  separated, 
not,  however,  in  the  me- 
t^illic  state,  but  in  the 
form  of  Htharge, 

Et^nivg,  —  The  black 
copper  thus  de^ilverised 
is  reflnod  in  a  reverhera- 
tory  fbrnace  constructed 
like  a  cupelling  furnace* 
The  metal  is  fused  on 
the  hearth  a.  Jig.  138,  and 
fiubjeeted  to  the  oxidising 
action  of  a  blast  of  air 
fn:»m  the  tuyeres  n,  juj. 
139.  A  red  slag  is  then 
formed  containing  the 
foreign  metals,  iron,  lead, 
^c,  and  a  considerable 
quantity  of  cuprous  o%- 
ide  ;  it  is  removed  from 
hrne  to  time  by  the  door 
p.  The  refiner  juflgcs 
of  the  progress  of  the 
operation  b^y  taking  out  from  time  to  time,  a  anioH  quantity  of  tho>  melted  metal, 
and  examining  it  in  the  manner  to  bo  presently  descriheil.  Wlien  fho  proc<?«s  is 
flniiihed,  the  melted  copper  is  mn  off  into  the  bitsins  h  h,  nnd  a  little  water  is  poured 
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upon  h  to  fbnn  a  mat  on  the  rarfiioe,  which  is  then  lAken  off  in  the  form  of  a  dise 
called  a  rosette. 
When  the  black  copper  does  not  contain  silver,  it  is  not  sabjeeted  to  the  eliquation  pzo- 

Fiff,  139. 


cess,  bnt  is  inunediatelj  refined,  in  a  small  ftimace,  called  a  r^ning  hearth,  of  which 
fig,  140  is  a  yertical  section  and>^.  141  is  a  perspective  view. 

It  consists  of  a  hemispherical  crucible  C,  about  2  or  2J  feet  in  diameter,and  15  to  18 
inches  deep,  and  made  of  English  fire-clay  mixed  with  sand,  and  well  beaten  down.  It  is 
soironnded  bja  raised  platform,  having  an  opening  A,  which  can  be  dosed  by  a  door. 


Fig.UO. 


FigAAl. 


The  cmcible  having  been  dried  by  filling  it  with  lighted  charcoal,  fresh  charcoal  is 
added,  the  pigs  or  discs  of  blade  copper  are  pUiced  on  the  charcoal  opposite  to  the 
tuyere  T,  and  the  blast  is  turned  on.  As  soon  as  this  portion  of  copper  is  melted, 
more  is  added,  care  being  also  taken  to  keep  the  crucible  full  of  charcoal  A  channel 
t  f,  allows  the  slag  produced  during  the  refining  process  to  run  off.  As  the  oxidation 
proceeds,  sulphurous  acid  is  given  o£^  sometimes  accompanied  by  white  vapours  of 
oxide  of  antimony.  The  first  portions  of  slag  which  run  off  are  of  a  greenish  colour, 
and  contain  much  oxide  of  iron ;  the  subsequent  portions  are  of  a  dark  red  colour,  and 
are  rich  in  copper.  To  judge  of  the  progress  of  ttie  operation,  the  refiner  from  time  to 
time  dips  a  cylindrical  iron  rod  into  the  melted  copper,  then  quickly  withdraws  it, 
cools  it  by  immersion  in  cold  water,  knocks  off  the  hollow  cylinder  of  copper  adhering  to 
the  end,  and  examines  it  If  it  is  thick,  smooth  on  the.outer  surface,  and  yellowish-red 
inside,  the  copper  is  **  too  ^oung,"  and  must  be  further  exposed  to  the  action  of  the 
blast.  When  it  becomes  thin,  brownish-red,  and  crinkled  on  the  outer  suiface,  of  a  pnro 
copper-red  in  the  interior,  with  metallic  lustre,  and  may  bo  bent  several  times  without 
bi^aking,  the  copper  may  be  regarded  as  refined,  or  nearly  so.  When  it  becomes  so 
thin  as  no  longer  to  form  a  continuous  coating,  but  merely  to  surround  the  iron  in 
)  places  like  network,  and  in  others  to  present  the  appearance  of  small  pointed  or 
Vou  XL  D 
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Vearded  ezensceneefl,  the  blast  should  be  immediatelj  ttopped,  as  the  copper  is  orer- 
refioed  or  *'  ubergaar." 

When  the  refining  is  judged  to  be  complete,  the  cof^Mr  is  taken  out  in  rosettes  in 
the  manner  above  descnbea 

Toughenina  {Hammer^aarmachcn), — Rosette  copper,  though  tolerably  pure,  is  not 
▼erj  malleable,  because  it  contains  a  considerable  quantity  of  red  oxide ;  in  fact,  it  is 
in  the  state  called  "  dry "  by  English  smelters.  It  is  sold  for  the  manufacture  of 
brass,  and  other  purposes  in  which  it  requires  to  be  melted  up  again.  To  convert  it 
into  malleable  copper,  it  is  again  melted  on  a  refining  hearth,  under  charcoal,  but  with 
the  tuyere  less  inclined  then  in  the  preceding  process,  so  that  the  oxidising  action  of 
the  blast  may  not  be  so  strong.  There  is  nottung  peculiar  in  the  process,  excepting 
that  it  must  be  done  with  great  care,  so  as  just  to  reduce  the  oxide  by  the  action 
of  the  red-hot  charcoal,  without  bringing  it  into  the  over'tefintd  state,  lixe  the  over- 
pol<Kl  copper  of  the  English  works  (p.  29).  The  refiner  takes  out  a  sample  now  and 
then,  ana  tests  its  (]^ualities  by  hammering.  Altogether  the  refining  and  toughening 
of  the  black  copper  is  a  more  tedious  process  than  that  of  the  English  blister  copper 
(p.  29.)   because  the  black  copper  is  less  pure  than  the  latter. 

The  following  analytical  data  in  elucidation  of  the  Mansfeld  process  are  taken  from 
Perfi^s  Metallurgy :  — 


Analyses  of  the  Manrfcld  Schist  6yBerthier, 
Unbumt. 


RoMtcd. 


Silica 

,        , 

400 

SiHca       . 

.         • 

.    60-6     '  43-8 

Alumina     . 

.     10-7 

Alumina  > 
Magnesia 

.    23-4         17-2 

Ferric  oxide 

60 

•        • 

Carbonate  of  lime 

19-5 

Lime 

•         • 

.      7-8        180 

Carbonate  of  magnesia 

6-6 

Oxides,  copper  (CuK)) 

.      2-8          2-6 

Copper  pyrites    . 

6-0 

Oxides,  iron 

(Fe*0«) 

.      9-0          7-2 

PotoHh 

.       2-0 

Sulphur    . 

, 

.       4-0           2-4 

Water  and  bitumen    . 

,     10-3 

Loss  by  calcination . 

.       0-8           60 

1000 

98-4         971 

Analyses  of  Ore-furnace  Slags, 

Helae. 

B«rthier. 
49-8 

Hofltaunn.          Rbbinghaaa. 

Silica  .... 

67-43         63-83 

48-22 

6000         64-13 

Alumina      .        , 

7-83          4-43 

12-2 

16-36 

16-67         10-63 

Lime   . 

23-40         33-10 

19-2 

19-29 

20-29         19-41 

Magnesia     . 

0-87          1-67 

2-4 

3-23 

4-37           1-79 

Ferrous  oxide 

7-47          4-37 

13-2 

10-76 

8-73         10-83 

Oxide  of  zinc       , 

•     •             •     . 

,     , 

1-26 

1-11 

Cuprous  oxide     , 

0-30          0-24 

,    , 

0-76 

0-67          2-03 

Fluorine 

1-97           2-09 

1-1 

AlkaU  (KK)),  and 

losa^ 

.    . 

.     . 

2-1 

99-27        99-73         1000       9986      10084        9872 


Analyses  of  Ore  Furnace  Segulus  (Rohstein). 


Hotne. 


a. 

6. 

c. 

d. 

Copper 

Iron 

Sulphur 

Zinc 

Nickel) 

Cobalt 

.  62-44 
.  20-49 
.  26-44 

48-26 

17-36 

24*68 

2-90 

0-80 

42-10 

19-26 

26-60 

6-20 

1-06 

31-70 

28-76 

27  80 

4-35 

1-26 

Lead       . 
Silver     . 

0-41 
0-13 

106 
0-30 

1-60 
0-27 

0-66 
0.16 

Silica      , 

. 

1-66 

1-16 

1-66 

99-91 

96-78 

96-02 

96-31 

Ranunelsberg. 


e, 

47-27 
19-69 
26-76 


-!&£! 


/ 

43-62 
23-36 
28-70 

3-46 


4-09 

9m 


Carbon, 

earthy 

matter, 

and 

loss. 


.0-88 
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Analyses  of  Concentrated  Regulus  {8pur8tein\  and  Thin  Begtdus  (Dunnstein)  from 
the  Black-copper  Furnace. 


Oopper        • 
Iron    . 
Sulphur 
Zinc^  nickel,  Sec 


100*80 


Supposed  Rational  Constitution  of  the  above  (BammelBberg). 

Caprons  sulphide.        .  67*47  .  .  46*66  67*69  77*96 

Ferrous  sulphide .        .  24*75  .  .  2611  26*56  23*80 

Sulphides  of  Zn  and  Ni  .    .  .  .  4*44  3*81 

Metallic  copper    .        .  6*98  .  .  21*96  10*08  traces 


Analyses  of  Slags  accompanying  Concentrated  Regulus  (Spurschlacke)  and  Black 

Copper, 


^ornum.    Hoffknann.    ^rtbler.       Ludi.      ( 

;«hrenbeci 

SiUca   ....     33*18        34*11          33.6        88*16 

37-90 

Alumina       .        .        .     11*22          8*46            6-6 

Ferrous  oxide       .        .     3203        37*68          61*6        47*22 

49-23 

Lime    ....     1714         13*38            5*0        11*66 

9*07 

Magnesia     .        .        .      2*96          4*57           .    .          003 

1*47 

Copper  existing  partially 

as  cuprous  sulphide  .      1*90          0*68    Cu*0  3*0         2*86 

1*59 

Sulphur       •        .        .     notdet.      0*46 

98*43        99*34          98*7        99*82 

99*26 

Analyses  of  the  Completdy  Boasted  Begulus  (Gaar-rosi), 

Copper 51*97 

67*69 

Iron 20*39 

10-56 

Zinc  and  nickel — 

0-67 

Oxygon 13*61 

8*67 

Sulphur.        ...                 ....      2*11 

1*64 

Matter  insoluble- in  acids 11-92 

9*49 

100*00 

98*62 

Analyses  of  Black  Copper. 

Bertbter. 

Copper •  .    95*45 

Iron 8*50 

Lead 

SilTer 0*49 

Zinc,  nickel,  and  cobalt 

Sulphur 0*56 

iWoo 


Hofltaumn.       Ebblnghant. 


89*13 
4*23 
0*97 
not  determined 
8*98 
1*07 
99*38 


92*83 
1*38 
2*79 
0*26 
1*05 
107 

99*38 


Bivot  and  PkUUpt^s  Method  of  Copper  Smelting, 

This  method  consists  in  completing  the  extraction  of  the  copper  by  means  of  me- 
tallic iron,  after  the  greater  part  has  been  separated  by  the  ordinary  process  of  reduc- 
tion with  coal  or  charcoal.  Napier  (Dingl.  pol.  J.  xxviL  293)  had  shown  that  copper 
may  be  precipitated  from  fbsed  silicates  containing  it,  by  the  action  of  the  electric 
current,  the  mineral  being  fused  in  a  bUck-lead  crucible  connected  with  the  positive 
pole  of  the  battery,  and  uie  negatiye  pole  being  formed  of  an  iron  plate  dipping  into 
the  fused  mass.  It  was  afterwards  found,  by  numerous  experiments  made  at  the 
EooU  des  Mines  in  Paris,  that  metallic  iron  alone,  without  the  aid^  of  the  batteiy,  is 
capable  of  precipitating  copper  from  silicates  in  a  state  of  fusion,  just  as  it  does  from 

•  With  other  metals. 
d2 
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saliiie  aolaiioni  st  ordioaty  temperatttres.  In  App] jing  thia  method  to  pmctioe,  bow* 
erer,  it  whs  finmd  tbat  the  ccxpenditare  of  iron  would  he  too  hc^rj ;  henee  the  tuodifi* 
eattOD  abore  noticed  wa«  adopted,  of  oolj  u^ing  the  iron  to  complete  the  rednetioa. 
The  proccfli  is  as  foUowa :  The  ore  ia  pounded,  roasted  in  the  falnning  fiunacfl^  and 
then  heated  till  all  the  sulphates  are  datxnDposed;  by  this  mnuna  na^^  aU  the  anl- 
phnr  if  expelled.  Th«  routed  ot«  ia  then  ftiaed  with  lime  and  noo-bitaminofia  eoaL 
The  fusion,  which  mnat  be  qniddj  oomducted^  vields  two  prodneta,  vis;,  reduced  cop* 
per  at  the  bottom,  and  a  foa^  mam  ot  alag  or  nlimte  (ealld  the  hiUk)  floating  on  the 
top ;  this  coDtftins  the  remainder  of  the  copper,  mniallj  from  2  to  2|  pta.  in  a  thoaaand 
(7  in  a  hnndrfd).  Thia  residual  portion  of  copper  i«  precipitot4Hi  by  the  immemon  of 
iron  bars  into  the  melted  alag :  the  rednetioii  occupies  ftom  three  to  four  honia  for  a 
ehai^  of  $  ctr.  The  aU&  alter  thia  ti««tment»  still  retains  from  000^  to  OOoeS 
t;  the  copper  yield^  by  it  ia  also  eontaminated  with  0'(KH  iron  and  sulphur, 


latill  requires  refining.    The  estimated  sariQe  by  this  proceaa,  as  compared  with 
the  (urdinaiy  method  nn&r  giren  ctreimistanofia,  is  about  17  per  cent;    (Jahreab.  d. 


Chem.  i.  1021.) 

Exiracti&n  of  Copper  in  the  Wet  Way  :  CEMSNTATlOJf  CoFPKa, 
This  method  consists  in  predpitating  copper  from  solution  bj  metalh'c  iron. 


It  is 


not  mu'^h  practised,  being  eoonomical  ontj  under  peculiar  drcumatanoea.  Tbe  drainage- 
water  of  mines  in  which  the  copper  ezisis  as  snlpnidiv  often  contains  solphate  of  copper 
formed  hy  oxidation  of  the  pyntea.  Solutione  of  copper  are  also  preptfed  arttf&ciallj 
bj  treating  the  poorer  oxidised  ores  with  salpburic  or  hydrochloric  add^or  bv  roaat* 
ing  pjrittfcfous  ores,  and  extracting  the  sulplmte  hy  lixiriation  (p.  32).  Dr.  Bichard- 
son,  of  Newcastle,  exposes  a  nuxtnra  of  pulTensed  copper  pjrites  and  chloride  of 
aodinm  or  potassium,  occaaionaUj  moistenea  with  water  (or  lalt-water  may  be  directly 
used)  to  a  temperature  not  lower  than  80^  F. ;  the  copper  is  thereby  oonTerted  into 
chloride^  whidi  is  lixiTiated  with  water.  Ammonia  haa  imso  been  proposed  as  n  solTent 
for  extracting  oxide  of  copper  from  the  ores. 

The  precipitation  is  liftfit  effected  by  wrought  iron ;  cast  iron  acts  more  slowly. 
The  precipitation  is  accelerated  by  agitation,  which  has  the  tfSSsct  of  loosening  a  basic 
iron-salt  which  adheres  to  the  snr&ce  of  the  metal,  thereby  exposing  a  f^h  sor&oe. 
The  precipitated  ooiiper  (cewunta^on  copper)  is  then  melted 'and  refin^  This  method 
is  well  adkpted  to  toe  treatment  of  the  poorer  oxidised  ores,  like  those  of  Twiata  in  the 
Waldeck,  especially  where  fuel  is  scarce. 

According  to  Ganlthier  de  Clsjibry  and  Dechaud,  the  proeeas  may  be  accelerated  and 
the  consomptian  of  iron  diminished  [?  at  the  expense  of  xinc]  by  uie  use  of  a  voltaic 
battery,  the  copper  bein^  Idiewise  obtained  in  mora  cohenmt  form.  Copper  is  some- 
times precipitated  from  its  solutions  in  the  metallic  sttite  without  the  use  of  iron,  pro- 
bably Mcanse  the  solution  contains  a  cuprooa  salt,  which  splits  up  into  a  cupric  salt 
and  metallic  copper. 

The  precipitatian  of  copper  from  the  solutions  of  its  pure  salts  by  electrolysis,  as 
in  the  electrotype  process,  yields  the  metal  in  its  state  of  greatest  purity. 

For  farther  details  on  the  metalhugy  of  copper^  see  Percrft  MrtaJlur^t/,  L  289 ; 
Ur^s  Dictionary  of  Arts,  Manufadurtty  and  Mines,  i  BIS;  Kerrt  Huttenhtnde^ 
ii  158 ;  Beffnaulfs  Court  de  Chimie^  iii  J81. 

Impurities  in  Commercial  Copper, 

A  careful  inrestigatioii  of  the  nature  and  amount  of  the  metallic  impurilies  ia 
numerous  Torieties  of  commercial  copper,  from  THrious  sources^  has  lately  oeen  made 
by  Messrs,  Abel  and  Field  (Chem.  8oc  J.  xiv.  280)^  the  g^eral  results  of  which  are 
aa  followB :  — 

1.  Arsmic  and  gilter  are  almost  inrariable  impurities  in  copper. 

a.  The  occurrence  of  bismuth  in  copper  is  very  general;  this  metal  appears,  indeed, 
to  be  always  preaejit,  excepting  when  carbonates  of  copper  hare  been  used  in  the  pro- 
duction of  the  metul,  as  in  the  Aus^nlian  and  Bussian  coppers.  Field  lias  ahown 
{ihid.  p.  2(H)  that  bismuth  ia  of  Tcry  common  occurrence  in  copper  minetals. 

3.  Anttfnmty  is  not  of  so  freonent  occurpenc©  in  copper  as  is  generally  supposed  ; 
the  bismuth  existing  in  copper  nas  doubtless  often  been  mistaken  for  antimony,  both 
these  metals  being  precipitated  by  water  from  their  acid  solutions. 

4.  Lead  is  of  Tery  rare  occurrence  in  cake-oopper,  but  appears  to  be  an  almost  in- 
variable con§tituent  of  copper  which  has  been  manufactured  mto  she^t  or  rod. 

5.  /«>«,  which,  like  sulphur,  exists  in  conaiderable  proportions  in  mirefincd  copper,  is 
almost  complet4!ly  remoT«si  by  the  refining  process. 

The  special  results  of  the  inrestigation  are  giyen  in  the  following  table :  -^ 
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Metallic  impurities  in  dijfercnt  varieties  of  Copper, 


Detcriptioa  of  Copper. 

SlUer. 

Arsenic 

Antl- 
n:ony. 

Bis- 
muth. 

Lead. 

Tin. 

Iron. 

Bawl  akd  Blistu  Coppbb. 

Chile.  No.    1  Bar  .        .       .       . 

traces 

, 

traces 

0-68 

1   »     . 

i, 

traces 

• 

. 

071 

s  ..     . 

traces 

traces 

O'M 

4     H       . 

. 

O-IO 

traci's 

0-91 

*   .,     . 

' 

trares 

traces 

traces 

0-fi2 

6   „     . 

traces 

. 

traces 

0-46 

7    ^     . 

i\ 

traces 

. 

traces 

0-.S2 

«    n     . 

traces 

. 

traces 

0-67 

9   »     . 

1 

traces 

traces 

9-64 

z      10  n  . 

c 

traces 

traced 

traces 

0  52 

11  „  . 

1 

traces 

. 

0-62 

u  ..  . 

i3 

008 

traces 

. 

050 

13    „     . 

OO* 

traces 

. 

0-43 

u  „     . 

007 

0-50 

traces 

0-51 

IS  ..    . 

. 

. 

• 

084 

16     M        . 

0-40 

tr«»s 

traces 

1*(>4 

17    .,     . 

*• 

0-45 

• 

. 

|•.^2 

18    »     . 

traces 

,        . 

0-70 

19    ..     . 

0-60 

*0-90" 

, 

0-80 

»   ..     . 

£ 

. 

. 

1-20 

11    »     . 

? 

c 

, 

traces 

traces 

0-»l 

»   ..     . 

• 

traces 

traces 

iro 

n  n    . 

traces 

.       . 

tracffs 

1-90 

M  «  . 

•a 

traces 

.       . 

traces 

104 

»      M         . 

o 

traces 

. 

traces 

112 

H              96   .,     • 

® 

trares 

, 

trares 

1118 

M                           S7      M         . 

■S 

traces 

traces 

0-H4 

«  ..  . 

i 

0<» 

traces 

traces 

110 

»  ..  . 

,       , 

• 

0-75 

^      Blister  Copper    , 

1 

o-io 

traces 

traces 

0*32 

Mauaelan  Copper  . 

traces 

« 

traces 

l-3i 

New  Mexican .       . 

,       , 

,       . 

,       , 

0-42 

SpanUb,  No.  1        .       . 

« 

3>31 

070 

^r             1        .       . 

2*49 

,       , 

trace 

^        ^ 

n             s 

,      , 

2-15 

. 

0-04 

trace 

, 

Z               *        .       , 

, 

IMS 

, 

trace 

,        , 

Z                5         .        . 

1*90 

,        , 

trsce 

,       , 

, 

Z               6        .        , 

0-90 

. 

. 

, 

II               7        .        . 

0>S0 

,       , 

0-21 

z      «   . 

« 

0-85 

, 

traces 

036 

Swedish,  No.  1        .       , 

C3 

0^25 

0-90 

, 

031 

„               1        .       . 
ManilUaab    .       . 

|i 

*I-84* 

traces 
0-65 

Vos* 

0-20 

0-31 

0-17 

0*10 

,        , 

Australian  (Sydnej) 

^1 

. 

• 

l-Ol 

«         (Sydner)       , 

. 

. 

• 

0-76 

RinNBD  COPPIBB. 

Chile.  (Soci«c6  Itallenne)      .       . 

. 

. 

. 

. 

0*01 
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3iiiJiie  iwtpmritU*  in  different  varietieM  of  d>pp0r— oontuiiied. 
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Phyiical  Properties  of  Metallic  Copper, 

Natire  copper  forms  ciystalB  belonging  to  the  regular  system,  viz.  cubes,  octahedrons, 
rhombic  do(le<^edrons,  and  intermediate  forms.  Similar  forms  are  exhibited  by 
copper  crystallised  from  fusion.  When  a  dilute  solution  of  copper  is  left  for  some  time 
in  contact  with  wood,  the  copper  is  sometimes  deposited  nom  the  liquid  in  cubes, 
octahedrons,  and  long  four-sidea  prisms  (elongated  cubes),  acuminated  with  four  octa- 
hedral faces  resting  on  the  edges  (Wagner,  Schw.  J.  xlvii.  325).  In  other  cases, 
wood  precipitates  copper  in  thin  ductile  plates,  with  warty  surfaces. 

Copper  in  the  massive  state  is  very  hard  and  elastic,  and  strongly  sonorous.  It 
has  considerable  toughness,  and  may  be  Waten  out  into  very  thin  leaves,  and  drawn 
out  into  very  fine  wire.  It  is  hardened  by  hammering  or  wire-drawing,  but  may  be 
softened  or  annealed  by  heating  it  to  redness,  and  either  leaving  it  to  cool  slowly,  or 
plunging  it  into  cold  water.  Its  fracture  is  red,  shining,  indented,  and  slightly  gra- 
nular ;  after  hammering,  it  exhibits  a  fibrous  fracture,  with  a  light-red,  silkv  radiance. 
The  greater  the  purity  of  the  copper,  the  greater  is  its  malleability,  and  generally 
speaking  its  softness,  and  the  less  heat  is  required  to  deprive  it  of  the  brittleness 
produced  by  heating.  Copper  contaminated  with  other  metals  exhibits,  not  an  in- 
dented, but  a  scaly,  granuLur  firacture,  with  but  little  lustre,  and  after  hammering,  a 
scaly,  dingy  red  fracture,  also  with  feeble  lustre.  (For  the  Tmaeity  ot  copper,  see 
CoHBSXOif,  i.  1076.) 

The  specific  gravity  of  copper  free  from  internal  cavities  varies  from  about  8*91  to  S'Qfi. 
According  to  Marchand  and  Scheerer  (J.  pr.  Chem.xxviL  193),  thatof  crvstallised 
native  copper  is  8*94  ;  of  electrotype  copper,  8*914 ;  of  pure  copper  after  fusion  under 
a  layer  of  common  salt,  8-921 ;  of  unignited  copper  wire,  from  8*939  to  8949 ;  of  ignited 
wire,  8'930  ;  of  flattened  wire,  8-961 ;  of  copper  plate  formed  by  rolling  and  aftenrarda 
hammered,  8-962.  Copper  when  cooled  from  fusion  in  contact  with  the  air  is  very  apt  to 
assume  a  vesicular  structure,  by  which  its  density  is  greatly  diminished.  This  vesictUar 
structure  was  formerly  attributed  to  a  cause  similar  to  that  of  the  "  spitting  "  of  silver, 
the  copper  being  supposed  to  absorb  oxygen  while  in  the  melted  state,  and  to  give  it  op 
again  in  cooling ;  but  it  has  been  shown  by  Dick  (Phil.  Mag.  [4]  xl  409),  and  recently 
more  completely  demonstrated  byMatthiessen  and  Russell  (ifnd,  Feb.  1862), 
that  the  vesicular  structure  is  produced  only  when  the  copper  is  melted  under  char- 
coal, and  air  or  oxygen  gas  likewise  has  access  to  it, — and  that  thQ  effect  if  due  to  the 
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formation  of  caprons  oxide,  and  its  subsequent  reduction  by  the  charcoal,  whereby  car- 
bonic oxide  is  produced,  and,  endeavouring  to  escape  as  the  melted  metal  is  about  to 
solidify,  forms  cayities  within  it^  and  sometimes  throws  up  the  surface  in  vegetations. 
Copper,  fused  with  free  access  of  air  and  then  cast  in  an  atmosphejre  of  coal  gas, 
exhibited  the  same  cavernous  structure,  the  specific  gravity  of  two  portions  thus  cast 
being  only  6*926  and  6*438,  whereas  two  portions  of  the  same  fused  metal  cast  in  air 
had  the  specific  gravities  8*618  and  8*665.  Again,  copper  fused  and  left  to  cool  under 
charcoal  had  a  specific  gravity  of  8*952;  the  same  cast  in  coal-gas,  8*929,  whereas  another 
portion  of  the  same  cast  in  air  had  a  specific  gravity  of  only  6*193. 

Sulphur  acts  in  the  same  manner  as  charcoal.  The  density  of  vesicular  copper  is 
greatly  increased  by  hammering,  but  that  of  copper  not  possessing  the  vesicular  struc- 
ture is  but  little  increased  even  by  very  powerM  pressure.  Marchand  and  Scheerer 
found  that  the  density  of  copper  fused  unaer  common  salt  was  increased  by  a  pressure  of 
300,000  Ibe.  only  from  8*921  to  8*930. 

The  cubical  expansion  of  copper  by  heat  for  1°  C.  is  0*000061  (the  volume  at  0°  C. 
being  taken  as  unity),  hence  the  linear  expansion  is  0*000017  (H.  Kopp,  Ann.  Ch. 
Pharm.  ItttiV  l);  according  to  Troughton,  it  is  0*000019188. 

Specific  heat  =  0*09515,  between  0^  and  lOO^C.  (Regnault.) 

Copper  melts  more  easily  than  gold,  less  easily  than  silver.  According  to  Fouillet, 
therefore,  its  melting  point  is  between  1000®  and  1200®  C. ;  according  to  Ouyton- 
Morreau,  it  is  1207**  C.  (2204®  F.) ;  according  to  Daniell,  1398®  C.  (2538®  F.).  All  these 
determinations  of  very  high  temperatures  are  liable  to  great  uncertainty.  It  expands 
on  solidifying.  Copper  containing  red  oxide  melts  at  a  lower  temperature  than  pure 
copper,  but  does  not  form  so  thin  a  liquid  ;  it  likewise  solidifies  more  slowly.  If  the 
proportion  of  oxide  is  lareer,  the  paass  does  not  expand  in  solidifying.  The  expansion^ 
is  also  prevented  by  an  amnixfiure  of  0*1  per  cent,  of  potassium,  zinc,  or  lead.  Copper 
containing  carbon  behaves  in  the  fused  state  like  pure  copper. 

Electric  Conductivity. — Copper  possesses  great  power  of  conducting  heat  and  electricity, 
standing  in  this  respect  next  to  suver.  Its  electric  conductivity  has  been  studied  with 
great  care  by  Matthiessen  and  Holzmann  (PhiL  Trans.  1860,  pt.  i. ;  see  also 
Matthiessen,  Proc  Roy.  Soc.  xi.  126),  who  have  examined  particularly  the  eflfect 
produced  upon  it  by  the  presence  of  foreign  substances,  a  subject  of  great  importance 
with  reference  to  the  use  of  copper  wires  for  electro-telegraphy.  The  results  are  given 
in  tiie  following  table : 

Electro-Conductivity  of  Copper,  that  of  a  hard-drawn  Silver  wire  being  =*  100. 

Wirtshard  How  Conducting  Tempera- 

drawn,  prepared.  power.  ture.  C. 

1.  Pure  copper    Protoxide  reduced  by  hydrogen      ,        .    93*00       at       18'6® 

2.  „            Electrotype  copper  not  melted         .        .  93*46  „  20*2 

3.  „                     „          commercial     „             .        .  93*02  „  18*4 

4.  „             No.  3.  After  fusion  in  hydrogen      .        .  92*76  „  19*3 

5.  „             No.  3.  Hydrogen    passed  tluough  the)  no  aa  if.e 
metal  while  melted      .        .        .       {  ^^^^  "  ^ 
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Them  rtnltM  ahow  that  the  electric  conduetidtj  of  coppar  is  very  greatly  impaiied 
iffifli  bf  flBftll  qns&tittes  ci  foreixo  sulisUnces.  The  ooDducting  power  of  perfeetly 
pawesCM  b  catimftted  hr  MutthieMen  aa  -  9G-4  at  13^  C. 

The  wuMPil^  tnhle  rKhibits  the  cooducting  power  of  rarionB  kinds  of  oommem&l 
«OMcr  MM  eoropftred  with  th«t  of  pure  munolted  electrotype  copper,  which  is  taken  as 
Ibe  sUikdAid.  lod  M  eqnal  to  100  at  UQ'^  C. 
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&c.     .        .        .        .        .        •     .  :     1 
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truces  of  lea<i  nickel,  untimonj,  red  O3dd«[-71'03       „        17*3 
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Fiufh/  ditfided  copper.  ^  Copper  may  be  obtained  in  this  state  :  1,  By  reducing  the 
carlxmate  at  a  very  f^entle  heat  in  an  atmosphere  of  liydrogen  (Oaann.  Pogg»  Ann. 
lit*  406).  2,  By  boiung  a  coufentrated  solution  of  sulphate  of  coppifr  not  eontaining: 
free  acid,  with  distilled  zinc.  Aji  »oon  na  the  liquid  loses  ita  colour,  which  it  does  in 
a  short  time,  the  ainc  is  romovedi  and  the  copper  powder  well  boiled  with  dilute 
Biilphurio  acid,  then  washed  uninterraptedly  with  water,  pressed  between  bibuloos 
paper,  and  dried  at  75^  C»,  or  in  a  warm  n^tort  through  the  ttibulure  of  which  a  stream 
of  hydrogen  is  passed  (Botti^er,  Ann.  Ch.  Pharm.  xxxix.  172).  3.  By  i^L^itillg  a 
mixtiiiv  of  5  pts.  cuprous  chloride  mid  6  dry  cnrl}oniite  of  sodium  with  e^l-ammoniac, 
and  aftcrwanis  exh misting  with  water.  (Wo  hler  and  Liebig,  Pogpr,  Ann.  xii  583). 
Copper  thuu  prepared  is  a  8oft»  dark-red,  dtill  looking  powder,  which  easily  acquires 
the  ordinary  lustre  of  the  metal  by  pressure,  and  if  pressed  together  while  red-hot 
welds  together  into  a  compact  maas. 

Chtmicdl  proptrtiea  of  Copper. 

Copper  has  much  less  afBnitr  for  oxygen  than  iron,  and  decomposes  watear  only  at  a 
bright  red  hr^at  and  to  a  small  extent.  In  dry  air  it  remains  unaltered  at  ordinary 
tiHU^serutures,  but  oxidises  rapidly  at  a  red  beat.  In  damp  air  it  acquires  a  green 
coating  of  bseic  carbonat^  and  its  oxidation  is  remarkably  promoted  by  the  presence 
of  acidifi.  The  weaker  acids,  such  as  acetic  acid,  have  no  etfi?ct  on  copi^er,  unlesa 
assisted  hy  the  oxygen  of  the  air,  when  the  copper  rapidly  combines  witli  the  oxygen 
and  a  salt  of  the  acid  is  formed  (see  Ac«tatms  of  Coffer  i  14),  Copper  Joes  not 
dlasolTe  in  cold  ht/drt>chl&ria  a^id ;  bnfc  when  boiled  with  that  acid,  especially  in  the 
finely  divided  »t-at«t,  it  dispUices  hydrogen,  and  slowly  dissolves  as  homichloride  Cu*CL 
(Vogel,  Sehw.  J.  xxxii,  301;  Od'ling,  Chera.  Soc.  Qo.  J.  ix.  291.) 

Nitric  euid  of  ordinary  atrength  acts  violently  on  copper,  with  copious  srolution  of 
nitric  oxide  and  formation  of  cupric  nitrate : 

4HN0*  +  Cu»  ^  3CuK0*  +  2H'0  +  NO, 
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But  tht  strongest  nitric  acid  (specific  grayitv  1-62)  does  not  act  on  copper,  the  metal 
when  immersed  in  it  remaining  bright  and  quiescent ;  probably  the  action  begins  in 
the  manner  just  described,  and  an  extromely  thin  film  of  nitrate  is  formed  on  the 
surface  of  the  metal,  which  being  insoluble  in  the  strong  acid,  stops  the  further  action. 
The  same  passive  state  is  exhibited  by  other  metals  when  immersed  in  strong  nitric 
acid,  espeaalJy  by  iron  (q.  v.)  On  diluting  the  acid  with  water,  a  Tiolent  action  is 
instantly  set  up. 

Nitro-muriatic  acid  dissolves  copper  with  facility,  forming  cupric  chloride.  Copper 
is  not  attacked  by  dilute  sulphuric  acid,  or  even  by  strong  sulphuric  acid  at  common 
temperatures,  but  on  applying  heat,  sulphurous  anhydride  is  evolved  and  sulphate  of 
copper  is  produced : 

2BPS0*  +  Cu»  =  S0«  +  2H»0  +  Cu«SO«. 
This  at  least  is  the  principal  reaction  which  takes  place ;  but  a  portion  of  the  sulphuric 
acid  suffers  more  complete  decomposition,  sulphur  being  deposited,  part  of  which 
remains  in  the  free  state,  while  the  rest  unites  with  the  copper  as  sulphideL. 

Copper  likewise  oxidises  in  alkaline  and  in  saline  solutions  exposed  to  the  air.  In  a 
dilute  solution  of  ammonia  exposed  to  the  air,  it  is  converted  into  cuprous  oxide  and 
dissolves. 

Copper  in  the  state  of  foil  or  filings  takes  fire  in  chlorine  gas  at  ordinary  temperatures. 
At  a  rod  heat,  it  unites  directly  with  bromine,  iodine,  stdphur,  selenium,  silicium,  and 
all  the  metals ;  with  mercury  at  ordinary  temperatures.  With  carbon  and  with  nitrogen 
it  does  not  appear  to  unite  directly,  even  at  a  red  heat 

Compounds  of  Copper, 

Copper  forms  two  classes  of  compounds,  the  Proto-compounds,  or  Cupric  compounds, 
containing  1  at.  of  the  metal  united  with  1  at.  of  a  monatomic  radicle,  or  2  at.  metal 
with  1  at.  of  a  diatomic  radicle ;  e.  g.  CuCl,  Cu(NO»),  Cu'O,  Cu«SO*;  and  Hemi-com- 
pounds,  or  Cuprous  compounds  (commonly  called  <£{-compounds),  containing  2  at. 
copper  with  1  at.  of  a  monatomic  radicle,  or  4  at.  copper  with  1  at.  of  a  diatomic 
radicle,  e.  g,  Cu*Cl,  Cu*0,  &c.  The  cupric  compounds  may  be  supposed  to  contain 
the  radicle  Cupricum,  Cu  »  31*6 ;  and  the  cuprous  compounds,  the  radicle  Cuprosum, 
Ccu  s  73*2,  their  formuke  then  becoming  CcuCl,  Ccu'O,  &c.  There  are  also  a  few 
compounds  containing  copper  united  with  electro-negative  radicles  in  other  proportions, 
e.  g.  a  nitride,  Cu*N,  or  perhaps  Ccu'N. 

COPVBBf  AXiXiOTS  OF.  Copper  unites  easily  with  most  other  metals.  Many 
of  the  alloys  were  formerly  stated  to  be  chemical  compounds  formed  in  atomic  pro- 
portions, but  it  is  most  probable  that  all  of  them  (excepting  those  of  copper  and  arsenic, 
which  element  occupies  an  intermediate  place  between  metals  and  metalloids)  are 
merely  homogeneous  mixtures. 

The  presence  of  small  (quantities  of  foreign  metals,  as  arsenic,  bismuth,  zinc,  iron,  &c., 
in  copper,  produces  considerable  modification  of  its  physical  properties,  for  the  most 
part  impairing  its  malleability,  tenacity,  power  of  conducting  heat  and  electricity,  &c 

1.  With  Almnlniiim.    (See  i.  155). 

2.  With  Antimony.  An  alloy  obtained  by  fusing  the  metals  together  in  equal 
quantities  is  of  a  pale  violet  colour,  very  brittle,  and  of  laminar  structure.  Accord- 
ing to  Karsten,  copper  alloyed  with  0*15  per  cent,  antimony  is  brittle  when  cold,  and 
very  brittle  at  a  red  heat, 

3.  With  Arsenic.  An  arsenide  of  copper,  Cu'As,  occurs  native,  as  Domeykite,  in 
the  copper  mines  of  Coquimbo  and  Copiajx)  in  Chili,  and  in  some  Cornish  mines,  in 
Teniform  and  botryoidal  shapes,  also  massive  and  disseminated.  Hardness,  3  to  3*5 ; 
lustre,  metallic ;  colour,  tin-white,  with  slightly  yellowish  or  iridiscent  tarnish ;  frac- 
ture, uneven.  Specimens  from  Chile,  analysed  by  Domeyko,  gave :  1.  From  Calabaso, 
28-36  per  cent.  As,  and  7164  Cu.  2.  From  Copiapo,  2329  As,  70-70  Cu,  052  Fe,  and 
3-87  Sb  98*28.  The  formula  Cu'Aa  requires  28*3  As,  and  7  1*7  Cu.  The  Cornish 
mineral  Condurrite  {q,  v.)  appears  to  be  a  mixture  of  Domeykite  with  red  copper 
ore,  arsenious  acid,  and  arsenate  of  copper. 

Alloys  of  copper  and  arsenic  may  be  formed  by  melting  the  two  metals  together,  in 
which  case,  however,  there  is  considerable  loss  of  arsenic  by  volatilisation ; — or  by 
heating  copper  with  arsenious  acid  and  charcoal,  or  other  carbonaceous  matter ;  or  by 
heating  an  arsenite  or  arsenate  of  copper  with  charcoal.  The  alloy  called  white 
copper,  or  white  tombac,  which  hus  nearly  the  composition  Cu^As,  is  obtained 
in  this  manner.  Percy  {Metallurgy,  i.  281)  describes  an  experiment  in  which  an 
intimate  mixture  of  500  grs.  of  copper,  1000  grs.  of  arsenious  acid.  1000  g^.  of 
carbonate  of  sodium,  and  500  grs.  starch,  exposed  to  a  strong  red  heat>  yielded 
a  hard,  brittle  aDoy,  having  a  crystalline  and  dark  bluish-grey  fracture,  melting 
before  the  blow-pipe  below  a  red  heat,  and  evolving  copious  arsenical  fumes.    It  was 
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Ibiuid  (0  eontuLD  34*1  per  eent  arBc^nie,  which  is  rather  more  than  the  araoont  indi- 
etttd  bj  thti  lbnii&I&  Cv*Am  (662  Cu  -i-  33*8  A^).  Bert  hi  er  (  Traiii  dea  Etttds  par  ia 
f^  Uokf,  ii  410)  defcribes  ml  alloy  <»bt«med  bj  melting  1  pt  of  the  tetzm^opric 
MMidde,  Co^M  with  4  ptfl.  of  copper,  si  semiHiiictile,  reddi«b>gtey,  with  a  slightly 
flbfooa  Ihiotiije,  and  suiiceptibb  of  a  flue  polish. 

IHmr*9  arnenide,  or  TWnipmrmi,  Co*Afl  (analoBong  to  ITS*,  PH',  A*H%  <«!;),  ia 
pR»dloea  bj  paaaing  arsenettea  hydrogen  gaa  over  017  chloride  of  copper,  or  into  a 
MlniioD  of  cnpirio  sulphate  z 

3CuCl  +  A»H* -^  Cu*A«  +  8HCL 

It  ii  a  black  aubfltance.    (K  ace,  Pogg.  Ann.  xliv.  471.) 

Copper  alloyed  with  01 5  per  cent  araenic,  becomes  §omewhat  brittle  when  cold, 
and  very  brittle  at  a  red  heat. 

The  ar«enidei  of  copper,  fuaed  with  nitre  in  pi^r  proportion,  yield  arsenate  of 
potattinin  and  metalUc  copper  free  ft-otn  arsenic-  Heated  with  oxide  or  anenate  of 
copper,  they  give  off  arsenioua  oride,  and  yield  metallic  copper.  A  mixtnxe  of  10  pta, 
Chi^Aa  and  6  pta.  Cu*0  yields^  when  heated,  10  9  pta.  copper;  and  a  rautave  of  10^ 
Co^Aj  with  6  pta,  tetra-cupric  arienate  Chi*AsK)^  jielda  about  9*2  pta.  csopper,  snpponiiff 
tba  op«ntioil  to  ba  performed  in  perfectly  doacd  Teasels.  When  the  fiision  ia  enected 
in  AH  open  enaeibU,  part  of  the  arsenie  ia  roasted  by  atmospheric  oxidation^  and  less 
oxide  or  nnicimie  of  copper  is  recjuired  to  render  the  me^  pore.     (Berthier«) 

4.  With  Stamntli*  The  two  metals  imite  at  a  temperatme  betow  the  melting 
point  of  copper.  An  alloy  of  1  pt.  copper  and  2  pta.  biamnth  begins  to  eipand  a 
eonaidcrablo  time  after  solidification  (Marx,  Sohw.  J.  Iriii.  470),  Copper  alloyed  with 
small  ^oontitieii  of  bismtith  remains  duftilo  ot  meim  temperatures^  bnt  when  hammered 
becomsa  so  hard  and  brittle  as  to  require  a  su>cond  ignition^  and  if  the  quantity  of 
bismnth  exoeods  0'6  per  cent,,  the  alloy  cmc^ks  on  the  edm  when  hammered  at  a  red 
heat  (ITarsten).     Eismutb  13  a  frcquntit  impurity  in  metaUic  copper  (n.  36). 

6,  With  Omdmlum*  An  alloy  containing  54 '29  pts.  copper  and  4571  cadmium 
baa  a  light  yellowish  white  colour,  a  fine^gmined  »ea]y  stmcturOt  and  is  venr  brittle. 
The  cadmium  Tolatiltsea  completjely  when  the  alloy  is  hejited  to  the  melting  point 
of  copper.     Etco  a  small  quantity  of  cadmium  renders  copper  brittle.     (S  tro  mey  e  r.) 

«.  With  aoW,    (See  Goi.n.) 

7.  With  ZrtatvuD,    (9ee  lamruif.) 

&,  With  ZroB^  Combination  butween  copper  and  iron  takes  place  with  difflculty*— 
100  pt*«.  of  copper  may  be  miidc  to  unite  by  fusion  with  any  quantity  of  bar-iron  from 

1  pt.  to  100  anti  upwiirds.  The  intensity  of  the  copper  colour  increases  till  the  quanti- 
ties  of  the  two  metols  boramo  equal;  but  the  more  the  quantity  of  the  iron  exceeds  that 
of  the  copper,  the  paler  does  the  ftHoy  become  on  the  nactured  surface.     The  alloy  of 

2  ptfl,  copper  to  1  pt.  iron  has  the  greatest  tenacity ;  if  the  proportion  of  iron  be  in- 
ereotfed,  the  hardness  increasea  but  the  tenacity  dtminishee,  and  the  &acture  then  bo- 
eomes  kminrir.  From  ores  containing  the  sulphtdcs  of  iron  and  copper,  the  following 
alkyseont4iiniug  different  proportions  of  the  two  metals  may  be  prepared.  One  alloy 
of  this  kind  wm  copper- red  on  the  outer  surfkee^  had  ft  pale  uniform  fracture,  and  was 
magnetic.  Another  exhibited  externally  a  copper-red  colour  inclining  to  grvy\  had  a 
deep  copper-coloured  and  liiminated  fracture,  was  magnetic,  and  intersperaod  with 
isolated  granules  of  copper  and  a  few  granules  of  iron.  A  third  was  iroii-colour**d, 
hard,  hud  a  laminar  fructure,  was  strongly  magnetic,  and  exhibited  isolated  griitiules 
of  copper  and  numerous  granules  of  iron.  (Mushet,  PhiL  Mag.  [3]  vl  81.)  —  Ac- 
oonlin^<  to  former  statements,  the  alloy  of  copper  and  iron  is  ^y,  sbghtly  extensible, 
more  diflicult  to  fuse  than  copper,  and  magnetic  even  when  it  contains  only  ^  pt.  of 
iron.  The  britUenees  of  iron  at  a  red  hea  t  appears  some  times  to  proceed  from  admixture 
of  copper. 

Carbon  interferes  with  the  combination  of  iron  and  popper.  Copper  impairs  the 
quality  of  steel;  and  in  the  proportion  of  2  per  cent  renders  it  brittle.  (See  Ibow, 
Ci^jftJtorr  OF.) 

0,  With  &eatf .  Tlie  two  metals  fuse  together  at  a  strong  red  heat,  but  the  mixture, 
onlftss  cooled  very  rapidly,  Bepurates  into  two  alloys,'tho  lower  consist ing  of  cuprif*'roas 
lead,  the  upper  of  plumbiftiroua  copper.  By  rapid  c^xaling,  an  apparently  horaogentHtua 
mixture  may  be  obtained,  hut  on  heating  it  a^aln,  the  compound  containing  the  larger 
proportion  of  lead  fuses  out,  wliile  that  which  con t-ains  the  larger  proportion  of  copper 
remains;  this  is  tlie  principle  of  the  eliquation  proccAs  (p,   32). 

Small  quantities  of  lesid  dimiuiiih  the  ductility  of  copper,  both  at  common  tempera- 
titrea  and  *t  a  red  heat.  CopptT  containing  01  percent,  lead  may  Infused  for  ordmary 
purposes,  but  cannot  be  f^^mt^d  into  thin  leaves  or  wires ;  tliat  which  contains  03  per 
cent,  lejid  works  better  cold  than  hot,  as  in  the  latter  caso  it  cnicks  immediately  nt  the 
edges.   (Kursten.) 
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Lead  enters  into  the  composition  of  many  ancient  bronzes,  sometimes  in  large  pro- 
portion ;  see  Tables  B  and  D,  pp.  45,  50. 

10.  Witii  XaniTAnMW*  Keddish  white,  yeiy  malleable,  acquires  a  green  tarnish 
bj  exposure  to  the  air. 

11.  WithMeronry.    See  Mebcubt. 

12.  With  BKolybdenoin.  Pale,  copper-coloured  alloy ;  malleable  if  the  molyb- 
denum is  not  in  excess. 

13.  With  Vtokel.  The  alloys  are  very  extensible,  and  incline  to  white  in  propor- 
tion to  the  quantity  of  nickel :  10  pts.  copper  with  1  pt.  nickel  form  a  pale  copper-red 
alloy,  perfectly  ductile ;  10  pts.  copper  to  2  nickel,  reddish  white ;  10  copper  to  3  nickel, 
almost  white ;  10  copper  to  4  nickel  perfectly  white,  exhibiting  on  the  touchstone  the 
whiteness  of  silver.     (Frick,  Schw.  xlviii.  114.) 

Old  slags  firom  disused  mines  at  Suhl  contain  white  granules  of  metal,  which  are 
extracted  and  sold  as  Suhlian  nickel  silver  (Suhler  Weiss- Kupfer).  According  to 
Brandes,  Schw.  J.  xxxix.  17),  this  alloy  contains  88  per  cent  copper,  875  nickel, 
0*76  sulphur  and  antimony,  and  1*75  iron,  silicon,  and  aluminium. 

For  tne  alloys  of  copper,  nickel,  and  zinc,  see  p.  51. 

14.  With  Platinaiii  and  the  allied  metals.    (See  those  metals.) 

15.  With  Potasaiiun.  According  to  Serullas,  copper  heated  to  redness  with 
cream  of  tartar  does  not  become  alloyed  with  potassium.  According  to  Karsten,  copper 
thus  treated  takes  up  a  quantity  of  potassium  not  exceeding  0*13  per  cent,  and  is  thereby 
rendered  somewhat  less  ductile  when  hot 

16.  With  SUwer.    See  Silvsb. 

17.  With  Tin.  The  alloys  of  tin  and  copper  are  of  great  importance,  constituting 
bronze,  gun-metal,  and  bell-metaL  The  following  details  are  taken  fix)m  Gmelin*8 
Handbook  (v.  481). 

The  arms  of  the  ancients  were  sometimes  made  of  bronze,  an  alloy  formed  of  a 
large  quantity  of  copper  with  a  little  tin.  It  is  obtained  by  fusing  the  two  metals 
together,  generally  in  a  reverberator^  furnace ;  if  the  mixture  is  not  stirred,  two  dis- 
tinct strata  are  apt  to  form,  containing  very  different  proportions  of  the  constituent 
metals.  The  combmation  of  the  metals  in  equal  parts  takes  place  without  evolution  of 
light  and  heat     (Gehlen.) 

Tablb  A. — Propertici  of  Alloys  of  Copper  and  Tin,  according  to  Mallet  (DingL 
polyt.  J.  Ixxxv.  378). 
1  at.  copper  =«  31*6,  and  1  at.  tin  =  58*9. 
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In  this  table,  r.  under  Colour,  denotes  red,  y.  yellow,  gr.  grey.  Under  Fracture, 
f.  gr,  denotes  fine-grained,  c.  conchoidal,  v.  vitreous,  lam,  laminar.  The  numbers 
unoer  Ttnacity,  denote  the  weight  in  tons  required  to  break  a  rod  whose  trans- 
verse section  measures  a  square  inch.  The  malleability  was  determined  at  60<^  F, 
(15-6  C.)  Under /TarrfwfM  and  Fusibility,  the  number  1  denotes  the  minimum,  a,  5, 
and  c  are  gun-metal ;  d,  is  hard  brass  for  pin-makers  ;  «  to  i  are  bell-metal ;  k  and  l^ 
bell-metal  for  small  bells ;  m,  n,  and  o,  speculum-metal.    (Mallet) 

•  Th«  "  atoms  »•  In  thit  column  and  in  the  corresponding  column  of  TaWe  C  (p.  47)  roust  be  under, 
flood  as  merelir  Indicating  proportions  ;  the  alloys  are  not  definite  compounds. 
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a.  Chopper,  alloyed  with  a  very  small  quantity  of  tin,  becomes  so  hard  and  britUe 
when  hammered  cold,  that  it  nM^aires  to  be  again  heated  to  fiill  redness.    (Karsten.) 

6.  32  pts.  copper  to  1  tin :  resists  the  solvent  action  of  hydrochloric  acid  mneh  more 
completely  than  pure  copper,  and  is  therefore  adapted  for  the  sheathing  of  ships. 
(Mushet,  PhU.  Mag.  [3]  vi.  444.) 

e;  19  pts.  copper  to  1  tin :  golden  yellow,  hard,  malleable. 

d.  From  8  to  11  pts.  copper  to  1  tin:  yellow  and  slightly  malleable:  Gun-metal. 
The  best  proportion  appears  to  be  9  pts.  copper  to  1  tin.  The  alloy  of  11  pts.  copper 
to  1  tin  appears  uniform  after  sudden  cooling,  to  the  unassisted  sight;  but  when 
examined  with  a  lens,  it  appears  to  be  composed  of  striated  faces  of  a  reiddish  alloy 
mixed  with  a  white  one.  If  it  be  still  more  rapidly  solidified  by  pouring  it  into  thick 
iron  moulds,  an  alloy  is  obtained  which  appears  pertectlj  uniform,  even  under  the  lens. 
When  quickly  cooled  in  water  after  continued  strong  ignition,  it  remains  uniform ;  but 
if  suffered  to  cool  slowly  after  continued  ignition,  it  becomes  variable  in  composition, 
like  that  which  has  been  slowly  cooled  after  fusion.  Hence  the  alloy  which  is  uniform 
at  the  melting  heat,  and  likewise  at  a  strong  red  heat,  separates  into  two  different 
alloys  when  slowly  cooled.  The  large  mass  of  a  cannon  cannot  be  co<ded,  even  by 
moulds  which  conduct  heat  well,  suddenly  enough  to  prevent  the  formation  of  two 
distinct  alloys,  the  one  that  is  richer  in  copper  solidifying  first,  while  that  which  is 
richer  in  tin,  containing  82*3  per  cent  copper  to  17*7  tin,  |»rtly  rises  to  the  top,  and 
partly  sinks  into  the  mould.    (Karsten,  Schw.  J.  Ixv.  387.) 

e,  6*25  pts.  copper  to  1  tin :  the  densest  of  all  the  alloys ;  its  specific  gravity  is  8*87. 
(Briche.) 

/,  From  4  to  6  pts.  copper  to  1  tin :  Bell-metal.  Yellowish-grey,  and,  when  very 
slowly  cooled  from  a  red  heat,  very  hard,  difficult  to  file,  sonorous,  brittle,  exhibiting 
a  fine-grained  fhicture.  When  heated  to  redness,  and  then  suddenly  cooled  bv  im- 
mersion in  water,  it  becomes  soft,  and  easy  to  file  and  turn,  but  may  be  haraened 
again  by  ignition  and  slow  cooling.  The  Chinese  cymbals  called  Gong-gongs  are  made 
of  this  alloy  (D'Arcet,  Gilb.  Ann.  Ivi  104  ;  further  Ann.  Ch.  Phys.  Uv.  831).  Bell- 
metal  becomes  malleable  at  a  temperature  not  far  below  redness  (Wollaston,  Gilb. 
Ann.  Ivi  106). — An  alloy  of  4  pts.  copper  and  1  tin  fused,  and  then  very  slowly  cooled, 
exhibits  a  striated  surface,  a  dingy  white  close  fracture,  and  is  very  brittle.  When 
poured  out  into  cold  iron  moulds,  it  exhibits  the  same  properties ;  but  if  immersed  in 
cold  water,  after  being  kept  for  some  time  at  a  low  red  neat,  it  becomes  yellowish- 
white  and  extensible.  During  the  ignition,  if  somewhat  too  strong,  white  ^obules  of 
an  alloy  richer  in  tin  are  seen  to  ooze  out,  but  at  a  higher  temperature,  when  the 
whole  mass  becomes  liquid,  they  disappear.  Hence  the  alloy  appears  to  be  resolved  at  a 
tem{>erature  below  its  melting  point,  into  two  other  compounds,  which,  on  slow  cooling 
reunite  and  form  a  brittle  alloy,  but  remain  separated  if  the  cooling  be  more  sudden. 

^.  8  pts.  copper  to  1  tin:  reddish-white;  very  brittle;  specific  gravi^  8*879 
laudet).    With  a  small  quantity  of  arsenic  it  forms  a  spectdum-metal,    (Little.) 

A.  2  pts.  copper  to  1  tin :  steel-grey,  very  hard.  Kemains  uniform,  even  after  slow 
cooling  from  a  state  of  ftision  (Karsten). — 2  pts.  copper,  1  tin,  and  ^  arsenic,  form 
a  speculum-metal;  so  likewise  do  62  pts.  copper,  33  tin,  2*5  arsenic,  and  8  brass. 
(Little.) 

t.  1  pt  copper  to  1  tin :  bluish- white,  like  zinc ;  slightly  malleable,  not  very  hard ; 
specific  gravity  8  '468  (C  h  a  u  d  e  t),  8  79  (B  ri  c  h  e).  Remains  uniform  after  slow  as  well 
as  after  sudden  cooling.    (Karsten.) 

k*  1  pt.  copper  to  2  tin:  white ;  brittle.  Uniform,  even  after  slow  cooling.  (Karsten.) 

/.  1  pt.  copper  to  3  tin :  bluish  white,  exhibits  a  crystalline  aspect  and  fibrous 
texture ;  cracks  under  the  hammer.     Specific  gravity  7*813.     (Chaudet.) 

m.  1  pt.  copper  to  3*6  tin.  In  a  tinned  copper  boiler,  regular  six-sided  prisms  were 
found  to  be  formed,  with  indistinct  cleavage  parallel  to  p  (Miller,  PhiL  Mag.  [3] 
vi.  107).  Yellow-greenish-white ;  shining ;  ductile ;  of  specific  gravity  7*63  ;  fusing 
at  a  red  heat ;  slowly  attacked  by  dilute,  easily  by  strong  nitric'  acid ;  dissolves  rapidly 
in  boiling  hydrochloric  acid.  (Gives  by  analysis  21-38  per  cent  copper,  and  77*63  tin, 
which  agrees  nearly  with  the  formula  CuSn*  (31  33  Cu  and  78*67  Sn).  (Roth,  Pogg. 
Ann.  xxxvi.  478.) 

n.  I  pt.  copper  to  10  tin :  malleable  to  a  certain  extent,  but  cracks  under  the  ham- 
mer; specific  gravity  7*472.     (Chaudet) 

Boiling  hydrochloric  acid  extracts  tin  from  these  alloys,  and  leaves  a  compound 
containing  a  large  quantity  of  copper  with  a  small  quantity  of  tin.  (Chaudet  Ann. 
Ch.  Phys.  vil  276.) 

The  following  table  exhibits  the  composition  of  numerous  bronzes,  ancient  and 
modem.  Some  of  them  contain  larger  quantities  of  rinc  and  lead  than  of  tin,  but 
they  are  placed  here  for  the  sake  of  comparison  with  the  rest  See  also  Table  I> 
(p.  60). 
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Tablb  B.—Componium  of  Bronze  Coins,  Weapons,  Parts  of  Machinery,  ^e. 


1,  Old  Attic  ooia* 

Auifaotiir. 

1 

o 

s 

i 

1 

A.Mitscherlich 

gg-45 

1004 

1-05 

,    2.  Atheoiim 

MilA.  &  Scbtnid 

.    . 

76-41 

7-05 

,     . 

16*54 

3.          „               ^      ,-     .    ' 

K  WagMi^r     . 

,    . 

83-62 

1085 

,     ^ 

663 

0.  Moofle 

,    , 

87-96 

U-44| 

fi.  Com   of   AlexaDder  ^e 

flold 

O^e&t. 

K  ScbMid 

.    ^ 

9596 

3*28 

.     . 

076 

trace 

Great, 

R.  Wagpner     , 

-    , 

86-76 

10  24 

2-31 

.     . 

ti 

'    7.  Attic  eoan 

.    , 

a  7  89 

11'6S 

^ 

0-27 

8-       »'     »          -         - 

*i                ' 

,    , 

88-81 

9-61 

* 

1-18 

9.  Of  Aug.  Domit.  Cons.     . 

«               * 

.    . 

S8-8 

I0'3 

0-9 

10.  Jferra  Tr^an. 

It                * 

,    , 

85-1 

115 

3-4 

IL  M&rcos  Autonlniu  . 

It                * 

Hi              * 

84^ 

10*6 

4  6 

12.  Muc,  AurciL  Commodijfi . 

It                ^ 

,              . 

89-5 

9*6 

0-9 

13.  AI«(X&tidL^r  iServrUB , 

.              . 

S9-0 

10-2 

0-8 

14.  PhiL  Angtistiis 

TT                                 » 

^             . 

88-8 

6-0 

3-2 

15.  Eomwi  Ab,B.C.  6O0*      / 

Phillipf  .        . ; 

6*69 

69*69 

7-ie 

21-82 

0-47 

Id,      Semif»  B.C.  500  . 

II        .        . 

6-64 

6204 

7-66 

29-32 

0*18 

17.      QoadnDfl,  b.cl  600      , 

If        '        ■ 

858 

72-22 

717 

10-56 

0-40 

IS,  Hi«^,  B.a47a 

11        '        * 

872 

94-15 

6-49 

, 

0*32 

19.  Alev,  the  Gi^t,  B.C.  33fi 

rl             •             * 

8-69 

86-77 

13-99 

20.  Phnip  Til    of  Macedon 

B.C.323      , 

It             •             * 

S-71 

90-27 

9'4;i 

21,  PhUip  V,  ac.  2CH}  . 

li             ■            ■ 

B'B9 

86-16 

11-1'i 

*Z'Bq 

0-42 

22.  Atljeman  (?)  . 

II            -            * 

3-61 

83  34 

9-96 

» 

0-63 

026 

23.  PtoletBjIX.B.a  70 

$t            *            * 

8-81, 

64-26 

15-64 

. 

. 

trB€<? 

24.  Ponip«f,  B,a  £3     , 

26.  Att.ilin  family,  B.C.  45     « 

19              • 

S-70 

74-17 

8-47 

, 

16*16 

0'28 

It 

B02 

68-89 

4-66 

.        • 

26-43 

0-11 

26,  Julioa     und     AnguatB*, 

I1.C.  42 

It            •            •  1 

B-64 

79  13 

800 

. 

i2*ao 

tTare 

B.CL  30 

ti            *            ■ 

865 

78-46 

12-96 

8-62 

tToce 

26,  St  SAmoaata  , 

ft             ' 

d'dtJ 

70-91 

676 

21*96 

" 

surer 

29.  Vict€Tiiiti9^  8«ii. 

i» 

8-77 

96-37 

0-99 

triicp 

n 

160 

30. 

fi             .            . 

873 

97-13 

010 

11 

im 

176 

31,  Te^ii%  Sen.  , 

II 

.    . 

98  60 

0-37 

ft 

0-46 

076 

32,            „           ... 

It            ■            ■ 

*    . 

98-00 

0-50 

0-05 

1-15 

33.  OandinB  Gothicus  . 

II            "            ■ 

8-61 

31-60 

7  41 

811 

•  i 

166 

54. 

II             .            . 

8-71 

84-70 

S'Oi: 

trace 

2-67 

0*31 

7-03 

^.  Todhu  .... 

11            ■            ■ 

8-72 

86-08 

3'6;i| 

4-87 

« 

4*40 

36.        ,,       .         .         . 

8-7P 

91-46 

- 1 

, 

331 

6-92 

37,  Ptobna  .... 

Jt 

8-72 

90-68 

2-00 

1*30 

2-33 

0-61 

2-24 

38.       „        .         ,         ,         . 

8-74 

94-66 

n-46 

0-44 

0-60 

3-22 

3ff.  Broken  swcrad-bladB 

II            .            ■ 

^    , 

85-62 

10  02 

. 

0-44 

40.  FragmeDt  of  sword'bkd^ 

II            * 

■    ■ 

91-7B 

6-17 

.     . 

trace 

8iill%har 

41.  Broken  spcar-beiul . 

42,  Celt  (Ireland) 

It            •            " 

.    , 

99*71 

. 

» 

i^ 

0  26 

I* 

.    . 

90-6R 

743 

1-28 

trace 

43. 

11            ■■            ■ 

.    . 

90-18 

981 

. 

It 

U.            „                 -        . 

ti            ■            • 

'    - 

89*3:^ 

9-lS 

.     , 

0-33 

0*24 

45.              n                    .         • 

,1             .            . 

'    • 

83-61 

10'7B 

3-20 

058 

0*34 

46,  Cerltie  weapon" 

Freseniufl 

.    ., 

92*00 

6-70 

0-60    0-29 

0'3l 

•  J.  pr.  Chem.  «1. 174.  »•  Chem.  Soc.  Qu.  J.  Itr.  SM. 

c  Otto  Lerbb.  d.  anort.  Chem.  3  Aufl.  U.  [SJ  SIM. 
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Tablb  B.  (oontinned). 


AaihmHj. 

U 

■a 

i 

t 

i 

4T.  Odtto  Tesa<^  .        . 

Clarke     . 

8800' 

1200 

4S.  Coffin  ^m  ih&  Altai 

if                   m                 r 

80-27 

19-66 

' 

4&- 

Gobcl      - 

73^00 

26*74; 

1  ^^-  ^rptiaa  dagger     » 

Vauquelin 

S6'04» 

14-00 

SL  G^o-Eomao  axe   , 

GiMrdin 

7777 

1961 

144 

1*18 

£2.  Axe        .         .        .         . 

*i 

74-9 

2610 

63.  ^medl  stutaev  foimd  in 

KrdiBanD 

925S 

6-33 

»     * 

» 

0*99 

6L 

the  Olden- 

M 

80-41 

12-13 

1-00 

0-61 

66.  Weapon 

burg  difi- 

il 

91*90 

664 

, 

• 

044 

63.          „              J 

trkt* 

li                      ' 

90-66, 

6*23 

. 

, 

0-26 

67.  GalHc  bcU-     .        ,        J 

Gii^rdln 

86-90 

U-10 

. 

53.  EtrtiBcan  Teasel 

If        *        ■ 

86-00 

14-20 

0*80 

09.  Mij*mr   *        ,        ,        . 

fi 

78-50 

21*60 

60,  liuckte   «... 

ti 

37^0 

18*80 

»     . 

44-00 

ti«oe 

6L  HiBg       ,        *        ,        . 

*i        •        ■ 

4610 

U^OO 

» 

4000 

txacA 

62.  Girdle-bucUe. 

1 

69-30 

20*60 

,     . 

9-90 

63.  Bticlile   .... 

ft 

72*00 

, 

< 

28-00 

04,  Bella  of  the  12tli  contmy 

■f        »        » 

7610 

2230 

1^60 

tmee 

1*60 

1  66, 

11 

71-00 

2600 

1-80 

.     . 

1*20 

66.  Hoolcaof  thelithcfrntoij 

IP 

71-90 

6-10 

*     . 

27-9o: 

67.  CMtic  veflpen 

DoDOTan  * 

66*23 

1341 

.             M. 

1*14 

GB,  ]>iiiikmg  honi 

n 

79-34 

10-67 

.             , 

9-1 1 

69,  Brotue  ring    . 

Soirctat  , 

76-65 

23-62 

. 

0*47, 

70.              .,          .        .        * 

n 

79-96 

16-63 

.              . 

3-50 

71.  Coltimn  in  the  Place  Voa- 

dome' 

D'Arc^t  * 

89-16 

10-24 

0-49 

010 

72-  Ajtle-treobed  of — 

English  locojiiotire*     , 

KSdimid 

73*eo 

9*50 

9-00 

7-0 

0*42 

73.      Belgiim        ,» 

*i      *        * 

8000 

2-60 

7'80 

* 

0*80 

74.      Soraiug        ,, 

76.  StuMng-box,  Bel^an 

86*00 

14-t)n 

ir         ■ 

9020 

3  50 

6-40 

76.  FiAton  of  LoconsotiYe, 

Semng 

II         .             ■ 

89-00 

2-40 

9-00 

7f.  Heguktor,  Belgian  loco- 

HiotiTe 

IJ         ■             ' 

86-80 

12-40 

78.  Stephenson'fl  jotu^ala 

7900 

80 

6-80 

8-00 

7S.  Pcnton*B            „ 

If         ■             * 

6-60 

U-6 

80-00 

AnttmQEif 

SO.  Deomnee^'a         ,, 

If         «             . 

22*22 

33-33 

^ 

*     » 

. 

44-44 

61,  Frictiooal  bearing 

#i         - 

80^00 

16-00 

.      . 

_     , 

1     * 

2-00     1 

82,  Canirusalon     „ 

»J         « 

7400 

3-70 

22*22 

66.  BtaringB  m  hot  sitimtiona 

66-00 

2-60 

6*00 

1*25 

61.  Small  ma«liine-whcel 

KocMin  , 

90-00 

10-00 

86,  Die  for  goM-vorkilig 

83-33 

16-66 

Blnaath 
0-6 

86,  White  tablo-gong    , 

*        .        1 

17  00 

80*00 

87.  Chlaes^J  gong^ 

Thijiii^on 

80-6 

19^5 

88.  Tiim-t^ims*     ,        ,        , , 

KLipzoth 

78*00 

22-00 

89.  Speculum^ 

Otto 

65*16! 

3278 

90.  French  coin    . 

Konig     , 

96*00 

4-00 

I '00 

056 

91,  OldbellatEoiiflai 

Gitamn 

71*0 

26-0 

1^8 

-     ' 

1-2 

*  J.  pr.  Chem.  Ixxi.  331. 

•  J.  pr.  Chcm.  lx.9l. 

t  Otto  Lehrb.  d.  anorg.  Chemie,  8  Aufl.  il.  fS]  255. 
ff  Jahretb.  <L  Chem,  1A50.  o.  687. 


1>  Ann.  Pbil.  ii.  209. 

I    lUndw.  d.  Chem.  2  Aufl.  il.  [3]  602. 

k  Ann.  Ch.  Pbarm.  cli.  66. 

1  Ann.  Ch.  Phyt.  [S]  1.  205. 
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19.  With  Ziae  (Gm.  t.  477).-^The  most  important  alloj  of  these  metals  is  brass, 
which  contains  about  2  pts.  by  weight  of  copper  to  1  pt.  of  zinc  Other  proportions 
form  Tombac,  Pinehbeck,  Princes  metal,  Simtlor,  Mannheim  gold,  Mosaic  gold,  &a 

The  alloys  are  prepared :  1.  By  adding  zinc  to  melted  copper,  or  by  fusing  the  metals 
together  in  a  coverea  crucible,  the  zinc  being  placed  below,  and  the  copper  in  fimall 
pieces  at  top.  For  brass,  the  proportion  is  7  pts.  copper  to  3  pts.  zinc  Part  of  the 
zinc  always  bums  away.  The  fusion  is  performed  in  crucibles,  seven  of  which  are 
usually  placed  in  a  circular  air-fumacc — 2.  By  igniting  copper  in  small  pieces  with 
zinc-oxide  and  charcoal  or  coal  powder.  In  this  older  method  of  making  brass,  roasted 
native  calamine  or  Aimace-calamine  is  ignited  in  covered  crucibles  with  charcoal  powder 
and  copper,  the  latter  being  cut  into  small  pieces  or  granulated. — 3.  Copper  exposed  at  a 
red  heat  to  vapours  of  zinc  is  completely  penetrated  by  them,  but  does  not  lose  its  form 
— Lyons  Gold-lace  is  prepared  by  exposing  rods  of  copper  to  the  vapour  of  zinc  till  they 
are  converted  into  brass  on  the  surface,  and  then  drawing  them  out  into  wire.  A  copper 
coin  placed  in  a  crucible  above  a  mixture  of  zinc-oxide  and  charcoal,  and  moderately 
ignited,  is  converted  into  brass  without  obliteration  of  the  device.— 4.  By  precipitation. 
Spurious  gold-wire  is  prepared  by  boiling  copper-wire  (previously  dean^  with  nitric 
acid)  with  hydrochloric  add,  cream  of  tartar,  and  a  mixture  of  1  pt.  zinc  and  12  pts. 
mercury.  When  sulphate  of  copper  dissolved  in  20  pts.  wat^r,  is  precipitated  by  zinc, 
the  black  flakes  at  first  thrown  down  are  an  alloy  of  copper  and  zinc. 

Copper  alloyed  with  a  small  quantity  of  zinc  exhibits  a  paler  red  and  yellowish-red 
colour ;  a  larger  quantity  renders  it  yellow,  the  colour  being  brightest  when  the  two 
metals  are  united  in  equal  parts ;  a  still  greater  quantity  of  zinc  makes  it  white 
(Lewis).  In  certain  proportions,  the  alloy  of  copper  and  zinc  is  more  ductile  at  ordi- 
nary temperatures  than  pure  copper,  but  generaUy  brittle  at  a  rod  heat  Very  small 
quantities  of  zinc  do  not  impair  the  ductility  of  copper  at  ordinary  temperatures,  ex- 
cepting that,  when  thus  alloyed,  it  sooner  becomes  hard  and  brittle  by  hammering,  and 
therefore  requires  to  be  oftener  heated  to  redness ;  but  even  0*6  per  cent,  of  zinc  is 
sufficient  to  cause  copper  to  crack  when  hammered  at  a  red  heat  (Karsten).  The 
most  ductile  of  all  the  alloys  of  copper  and  zinc  are  those  which  contain  84*5per  cent, 
of  copper  to  16-6  of  zinc  (tombac),  and  71*6  copper  to  28'6  zinc  (brass).  Tne  alloy 
formed  of  equal  weights  of  the  two  metals  cracks  in  rolling*  An  excess  of  zinc  renders 
the  alloy  brittle,  the  most  brittle  of  all  being  that  which  contains  1  at  copper  to  IJ 
to  2  at  zinc  (Karsten.)  Small  quantities  of  lead  diminish  the  ductuity  of  the 
alloy  ;  tin  increases  its  hardness.    (Karsten.) 

4U  aUoys  in  which  the  amount  of  zinc  does  not  exceed  50  per  cent,  exhibit  the 
reaction  of  copper  towards  adds  and  in  the  voltaic  circuit,  and  they  do  not  precipitate 
the  salts  of  copper.  But  alloys  containing  excess  of  zinc  decompose  copper-salts,  being 
thereby  converted  into  perfectly  pure  copper ;  they  likewise  dissolve  completely  in 
acids  which  have  no  action  on  copper  alone,  the  solution  taking  place  the  more  quickly 
as  the  excess  of  zinc  is  greater.  If  the  quantity  of  acid  is  insiu&cient  to  dissolve  the 
whole,  the  copper  first  dissolved  is  reprecipitated,  the  liquid  at  length  retaining  nothing 
but  zinc  (Karsten).  Brass  turns  red  when  rubbed  with  hydrochloric  acid,  because 
the  add  dissolves  the  zinc  in  preference  to  the  copper ;  but  when  rubbed  with  am- 
monia, it  turns  white,  because  the  ammonia  dissolves  out  the  copper.    (Berzelius.) 

Table  C. — Properties  of  AUoy$  of  Copper  and  Zinc,  according  to  M  all  e  t  (DingL  polyt 

.  J.1XXXV.  378). 
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Order  of 

Order  of 

Order  of 

At.« 

cent. 

Specific 

Colour. 

Fracture. 

Tenacity. 

Mallea. 

Hard- 

Fusi. 

Cn.  Zn. 

Cu. 

grafltj. 

bility. 

ness. 

blllty. 

1  :    0 

100 

8-667 

r. 

24-6 

8 

22 

15 

10:     1 

90-72 

8-605 

r.  y. 

c  gr. 

12-1 

6 

21 

14 

9:    1 

98-80 

8-607 

r.  y. 

f.gr. 

11-5 

4 

20 

13 

8:    1 

88-60 

8-633 

r.  y. 

f.gr. 

12-8 

2 

19 

12 

7:    1 

87-30 

8-587 

r.y. 

f.gr. 

13-2 

0 

18 

11 

6:    1 

85-40 

8-591 

y.  r. 

f.f. 

111 

5 

17 

10 

6:    1 

8302 

8-415 

y.  r. 

f.  f. 

13-7 

11 

16 

9 

4:    1 

79-65 

8-448 

y.  r. 

f.  f. 

14-7 

7 

15 

8 

3:    1 

74-58 

8-397 

palo  y. 
deep  y. 

f.  f. 

13-1 

10 

14 

7 

2:    1 

6618 

8-299 

f.f. 

12-5 

3 

23 

6 

1:    1 

49-4? 

8-230 

deep  y. 
dark  y. 

eg. 

9-2 

12 

12 

6 

1:    2 

32-85 

8-263 

cgr. 

19-3 

1 

10 

6 

•  See  Nole  |».  48. 
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Tabi^C. 

(condimed) 

^ 
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Ora«F  of 

Order  o|  Order  dfl 
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Fracture* 

TeiMdtj. 
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8:17 

31-52 
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fiilT.  W, 

c 

2-1 

T,  ht. 

5 

5 

8:  18 

30-36 

7-836 
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T»  C 

2-2 

T.br. 

6 

6 

8:  19 

29-17 

7019 

light,  gr. 

C. 

0-7 

V.  br. 

7 

5 

8:20 

28-12 

7-603 

aah-gr. 

y. 

3-2 

br. 

3 

5 

1      8  :  21 

2710 

8058 

light  gr. 

c 

0-9 

br. 

9 

5 

8  :  22 

26*24 

7^882 

light  gr. 

c. 

08 

T.br. 

8 

6 

8:23 

2d'39 

7-443  1 

aah-gr* 

f.gr. 

6-9 

8.  d. 

1 

5 

1  :    3 

24-50 

7*449  1 

ash'gr. 

f^gr. 

3^1 

V.hT. 

2 

4 

1  :    4 

196-5 

7-371 

aali-gr. 

f.gr. 

19 

br. 

4 

3 

1  :    5 

16  36 

6605 

dark  gr* 

f-gr. 

1-8 

br. 

11 

2 

0:    I 

0 

6895 

• 

15'2 

• 

23 

1 

In  this  tablp,  r  under  Cot&ur,  denotefl  rod,  y.  yellow,  ffr,  grey,  sih.  w.  Bilrer- white, 
Undt^r  Fracturey  c.gr,  d«*jiotcs  coarae-mined, /.  ^.  fine-grainwU /. /.  fine-fibred,  r.  con* 
choidalt  t\  Titreous,  lam.  Jaminur.  The  iiumbors  iinder  Tenaciii/  denote  the  weight  in 
tons  required  to  break  a  rod  whose  tranarerae  section  meaaures  a  £>quare  inch.  Under 
MaUe4iMitUt  br.  Hignifiea  brittle,  v.  br,  very  brittle,  «.  d.  slightly  dut^tUe ;  the  mallea- 
bility wftfl  determiaed  at  60^  F.  (15-0  C),  Under Bardness  and  FuaihU'Uy^  tke  number 
1  denotes  tbe  minimum. 

The  eompound  {X>rrc«^nding  in  percentage  compoeitioii  to  ZnCu^  is  Prined*  mettd^ 
or  Btiih  md4d ;  ZnCu*  la  German  and  Dutch  brass  \  ZnCu*  is  rolled  brafis ;  ZaCu' 
is  Englieh  brass ;  ZnOu  is  German  brass ;  Zn^Cu  is  German  brass  for  watchmakers. 
(Mallet,) 

From  experiments  bj  F,  H.  Storer  {Memoirs  of  the  Amirican  Acadfiny^  NewSeriea, 
'^'iii.  97),  it  appeara  that  alloys  of  copper  and  zinc,  formed  by  melting  the  two  metals 
together  in  the  most  varied  proportiouiii,  theji  leaving  the  mass  to  cot>l  partially,  and 
pouring  out  the  still  fiuid  portioQ  (as  for  the  erystalEsatiou  of  bismuth,  l  590),  yield 
crystals  of  similar  aspect,  sometiinea  exhibiting  distinct  octahedral  faces,  sometimes  in 
eoufii»(?d  aggregates  of  ciTstals,  but  all  of  octahedral  cliaracter,  and  bearing  a  striking 
resemblance  to  tbe  crystals  of  pure  dipper  obtained  by  fusion.  From  this  resemblance, 
and  from  the  obserrations  of  Nick  lis  (Jahresber,  d.  Chem.  1847 — 8,  p.  434),  that 
Rinc  ciystallisefl  in  forms  belonfdng  to  the  regular  system^  Storer  concludes  that  idl 
the  alloys  of  copper  and  zinc  also  CTYBtallise  in  that  system,  and  are  not  definite 
atomic  compounds,  but  merely  isomorphoua  mixtures  of  the  two  metals, — a  eondosion 
furl  her  supjwrted  by  the  fact  that  none  of  the  crystals  were  found  to  contain  a  larger 
proportion  of  either  metal  than  the  remainder  of  the  molten  liquid  from  which  they 
bad  separated.  The  alloy  containing  from  6  to  6  per  cent  of  zinc  was  found  to  crys- 
t alii «e  particularly  well ;  the  white  alloys  are  difiScult  to  crystallise,  having  a  great 
tendency  to  assume  the  pasty  condition  on  cooling.  Allays  containing  from  68  to  43 
per  cent,  copper  are  much  inclined,  especially  when  quickly  cooled,  to  form  fibrous 
aggppgatefl  of  crystals.  The  colours  of  the  different  alloys  (on  recently  filed  surfaces) 
exhibit  a  perfectly  regular  transition,  without  any  sudden  leaps,  from  the  pure  red  oif 
copper  to  yellow,  and  ultimately  to  white.  The  purest  yellow  is  exhibited  by  those 
oontaining  from  75  to  80  ^er  cent,  copper.  The  hardness  increases  with  the  propor- 
tion of  zinc.  Sudden  cooling  in  water  renders  the  aUoys,  for  the  most  part,  softer  and 
less  tenacious. 

Brasi — ^TMs  alloy  is  harder  than  copjper,  and  therefore  resists  wear  better  It  is  very 
malleablis  and  ductile^  and  may  be  raised  by  stamping  into  variotis  objects,  such  as 
curtuin-bands.  At  a  red  heat,  however,  it  is  verj'  brittle.  It  is  well  adapted  for  cast- 
ing, being  easily  fusible,  and  capable  of  receiving  very  delicate  impressions  from  thfl 
mould.  It  is  said  to  resist  atmospheric  influencee  better  than  copper;  but  when 
its  surface  is  unprotected  by  lacquer,  it  rapidly  tamishea  and  becomes  black. 

During  the  process  of  stamping  braeia,  that  is^  of  subjecting  it  to  heavy  blows  in 
dies,  as  for  the  manufacture  of  curtain-bands,  &e.,  the  metal  r^>quires  to  be  annealfMi 
from  time  to  time,  and  at  the  completion  of  the  process  tlie  article  p?maiiis  discoloured 
by  adhering  oxide.  This  in  removed  by  *' dipping"  the  metal  in  aqua  fortis  of  suit- 
able  strength,  and  then  wasthing  it  with  water.  A  bright  metallic  stirface  is  thus  pro- 
duced, ready  to  receive  the  lacquer  (a  solntion  of  shellac  in  alcohol).  The  colour  may 
be  varied  by  using  acid  of  diflForont  strengths. 

The  pale  yellow  dead  snrfaco  often  seen  on  ornamental  articles  is  produced  >iy 
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**  pickling  "  the  metal,  after  stamping,  in  weak  aqtia  fortis  (say  1  pt.  Btrong  Dttric  acid 
k»  7  or  8  pte.  wat^r) ;  then,  after  washing  with  wuter,  immersiDg  iJ:  in  much  stronger 
-Bcid,  tiU  «  white  **cur(l/'  due  to  a  Btratum  of  email  gus  buhblea,  forma  on  the  surface; 
bgain  washing  with  wat<*r  j  roughly  drying  the  ohject  by  nioYing  it  about  in  cold  satr- 
|4tU9t ;  then  dipping  it  again  in  strong  nitric  acid  for  a  few  seconds  ;  washing  first  in 
f  water»  then  in  a  cold  soltition  of  argol  or  impiim  cream  of  tartar;  and  lastly  diying  in 
rhot  sawdust. 

The  surface  of  brasa  is  often  coloured  or  bronzed  after  ** dipping"  and  before  lac- 
quering. Thin  is  done  by  immersing  tho  orti-lo  in  a  nolution  of  araenious  acid  in 
^hydrochloric  acid,  by  applying  a  dilute  aqueous  e  j^ution  of  chloride  of  platinum,  or  an 
laqneong  solution  of  corroHivo  anblimat«  mixed  with  vinegar^  or  by  rubbing  plumbago 
OTer  the  surfaco.  Either  of  these  applieationa  prcniuccs  a  dark  groy  coating,  wldcb 
asBiUEics  a  br%)nze-tint  when  Jacquered.  Tho  corrosive  sublimate  sobaion  is  nscd  for 
oommoii  work ;  the  platinum-proccsB  for  theodolites^  levels,  and  other  instruments. 
{Ptrcifs  MrtallurgjfJ) 

Munts's  m^taL — Thia  alloy  and  its  application  "for  abeathing  the  bottoma  of 

ahips,  and  other  such  Teasels,"  was  tho  aubject  of  a  patjcnt   granted  to  the   iat^ 

G.  r,  Muntz  of  Birmingham^  in  1832.     The  proportions  sp*?cially  recommended  in  the 

spedficatioQ  are  00  per  cent  copper  and  M\  zinc  ■  but  thfso  proportions  may  be  Taried 

from  60  up  to  63  per  centn  and  from  fiO  down  to  37  per  cent  ^rnc?.     Tho  metal  is  caat 

.into  ingots,  and  rolled  ivhtle  hot  info  aheeta,  whicli,  when  finished,  are  •* pickled"  in 

Vdilttte  sulphuric  acid,  and  afterwards  washed  in  irateTi     In  the  same  year  Mr.  Mnntz 

l^btainod  a  second  patent  for  **an  improred  manufactoie  of  bolts,  and  otiier  the  tike 

I  for  ships*  fa-««t4*nings/*  the  same  proportions  ot  copper  and  sine  being  used;  nnd  in 

1 1846,  a  third  patent  for  the  uj?e  of  an  alloy  consLStin^  of  fi6  per  cent,  copper^  431  zinc, 

"\^  lead.     This  last  alloy  does  not  appear  to  bavo  been  manufactured  on  a  large 

but  Dr.  Percy  states  that  ho  baa  aojooeeded  in  roUing  brass  well^  which  con- 

i  not  leiks  than  8  per  cent  of  lead. 

Mtintz's  metal,  or  yellow- metal  sheathing,  has  entirely  superseded  copper  ftheath- 

in  the  merchant  sernce,  though  the  latter  is  still  Tctoined  in  the  naiy.     Its 

*al  adrantaget  are  said  to  be  that  it  keeps  the  bottoms  of  ships  cleaner  and 

much  less  than  copper  sheathing.     It  is  now  generally  made  in  reverberatory 

__JCC8,  the  «nc  being  cautiously  added  to  the  melted  copperj  and  the  meltcil  metal 

apped  into  a  yesael  lined  with  clay,  out  of  which  it  is  ladled  into  stiitablo  cast  iron 

igot-moulds. 

Mosaic  *^o/c/,— Prepared  by  ftising  eqnal  weights  of  copper  and  sine  in  a  crucible 
the  lowest  possible  temperature,  stirring  constantly,  and  then  adding  a  further 
rntity  of  sine  in  small  portions,  tiU  the  colour  of  tho  fused  mixture,  after  passing 
oagh  the  Tarious  shades  of  brass-yeUow,  purple-red,  and  violet,  has  become  per- 
tly white.     The  alloy,  after  casting  in  the  mould  and  cooling,  exhibitja  the  colour 
!  gold,  and  does  not  tarnish  by  exposure  to  the  air,  even  in  the  neighbourhood  of  the 
^a.     (Hamilton  and  Parker,  Edink  J.  of  Sc,  1826.) 
Brass  soidrr. — 2  pta  hraifl  to  1  jdnc,  or  if  it  is  to  be  more  ductile,  6  pts.  braaa^ 
\  sitTer,  and  2  sine. 
Imitation  hron£e^   Tomhw,  Pinchbeck^  Princt*s  trutal^  SmihTj  Mattfihrim  goid. — 
hese  teims  are  applied  to  alloys  of  zinc  and  copper,  containing  80  per  cent   or  moi-e 
I  copper ;   also  to  alloys  of  copper  with  adnc,  tin,  and  lead.     The  cheapness  of  zine 
laomiiarcd  with  tin,,  has  caused  these  alloys  to  bo  exteuKiTely  used  of  late  years  as  sub- 
iitiites  for  truo  bronie,  which  is  an  alloy  of  cop>per  and  tin,,  espn-itdly  for  ornamental 
dei^  which  are  gilt  or  artifleially  bronzed  oq  the  surface.     Alloys  whoso  composi- 

I  ramgifl  from  86  o  per  cent,  cfjpper,  11 '6  zinc,  and  4  tin,  to  66  copper,  32  zinc,  and 

!  tin,  may  likewise  be  used  for  tho  casting  of  statues^  as  they  run  well  into  the  mould, 

Ln4   ftre   easily  filed  and  chiselletL      Those  which  approaeh  to  the  latter  compnsi- 

i£on,  66  per  cent  copper,  &c.,  are  too  yellow  to  be  used,  excepting  for  objects  which 

'  to  be  gilt  or  artificially  bronzed ;  but  the  fiist-mcntioned  alloy  yield.'i  a  eiist  of  a 

deep  red  colour,  which,  by  exposure  to  the  air,  slowly  acfiuires  a  very  beautiful 

The  alloT  called  tombac,  containing  84 -fi  per  cent,  copper  and  15'6  sine;  is  Tery  duc- 
„ » sod  nittilflable.    Duick-metai  \a  tombac  beaten  out  into  leayea  j^^  of  an  inch  thiek. 
BfonJM^^oUmrg  or  Bromt'poitMiers,  used  for  colouring  objects  cast  m  brass,  imifation 
onae,  or  plastCT  of  Paris,  and  for  various  other  ornamental  purposesi,  are  prepared  by 
•iturating  Dutcli-metal  or  other  alloys  of  copper  and  zinc,  &c.,  between  rtjUers  with 
►  and  reisin,  oil  or  fat.  separating  the  fintr  particles  from  the  grosser  by  lorigation, 
-    &e.,  and  lastly  drying  and  heating  them.     (See  Ure'a  Dictionary  of  ArU^ 
J  jiciurei^  and  Mines^  i.  463.) 
The  Iblbwing  Table  exhibits  the  composition  of  various  kinds  of  brass  and  imita- 
on-bronao.    Sec  also  Nos.  72.  73.  75.  7G,  78,  79,  and  82  of  Table  B,  p.  46. 
Vol.  ir.  IB 
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Tabi^  B.  —  CompofUion  of  mrious  Alh^9  of  C&pper  and  Zinc  used  in  the  ArU, 

1 

I,  Brftsg,  Engliah    •        .         .        * 

Aothority. 

1 

1 

i 

1 

i 

Latater* 

70-29 

29-26 

017 

0*28| 

2.  Brass  from  H«>gcnnnlil 

»» 

7016 

274.5 

0*79 

0-20 

3.           „        Angsborg  ., 

♦1 

71'89' 

27*63 

086 

4.           ,,        Neiistadt,  Eberswald . 

Kadcmatach* . 

71-36 

2815 

6.            „         Eomilly      . 

Chuudet* 

70-1 

29-9 

6,           „         of  unknown  origin 

Karst4?ii  * 

71^5 

28-6 

7,           „                           H        .        . 

Rcgnault* 

71*0 

27*6 

troce 

1-3 

e.          „                       „       .       . 

Cbaudct* 

61-59 

35-33 

0-25 

2-86 

9.           „         Stolberg     . 

tr            *              * 

d6-8fl 

31*80 

0-25 

2-16 

10.  Wtttch-wbeela     .... 

Faisat* 

60-66 

36-88 

1-35 

4              * 

0-74 

11.             „       ,        .        •        . 

»♦       • 

66'Ofi 

31*46 

1*43 

.                . 

0*88 

12.  Sbip-nailfi,  bad  .... 

Percy*    . 

62-73 

4118 

1 

472 

13.          ,.          good. 

tt       •        • 

62-62 

24-64 

2-64 

8-69 

14,  Tombac,  Engli^^h 

Faiset' 

80'38 

13-61 

.     ■ 

, 

tnee 

16,         „         German 

Karaton* 

84-0 

15-5 

16.  Coin  of  Titus  Claudius 

Girardiii' 

81-4 

18'6 

17.          „     Casaia    family,    b.  c.    20 

(sp.  gr.  8-59) 

FhilHps* 

82-26 

17-31 

. 

* 

0-36 

Ift.          „     NGro»A.D.60(Hp.gr.  8*501 
10.          „     Titus,  A. D.7& (ap.gr. 8-30) 

m 

81-07 

i7&r 

1*05 

l» 

83  04 

15-84 

. 

.     . 

0-501 

20,          „     Hadrian,    A.D.    120   (sp. 

gr.8'33)      ,         •        . 

11            *            < 

85-87 

10-83 

1-14 

1-73 

0-74 

21.          ..     Faustina,  jun.,   A.U.   165 

„            ,            , 

7&*16 

6   7 

4*97 

9-18 

0-23 

22.  Antique  bracelet^  Nauroburg 

Gobel*     . 

8308 

15  38 

1-54 

23.         „       fibula,  Konigsberg 

»i          •         • 

82-5 

16 

1-5 

24.         „       chain,  Honneburg 

If          •         • 

82-5 

17'5 

26.  Statu©  of  Louis  XIV.   {sp.   gr. 

8-482) 

D'Arc€t- 

91-45 

6*53 

1*70 

1*37 

2G,              p,        Henri  IV. 

II       • 

89-62 

670 

4*20 

0-48 

27.             „       LoiiiaXV. 

»i       *        • 

82-45 

10-30 

4-10 

28.              ,♦       Minerva  in  Paris 

ti 

831)0 

1400 

2-00 

1-00 

29.              „       Napoleon  .         . 

75-00 

20-00 

3-00 

2  00 

30,             „       Lessing,  in  Brunuwick 

Otto"      . 

84*20 

11-50 

3*65 

0-75 

31.  Bronze  for  gilding 

irArcet" 

82-00 

18-00 

2*50 

32.                „                      ... 

If       .        * 

64.60 

32-50 

0-25 

33.                „                     ... 

ti       • 

82-00 

18*00 

3-00 

34.                „                     ... 

„       *        . 

78^00 

18-00 

200 

35.  Bronse  .colour,  palo  yellow  . 

Kunig*    . 

8233 

16-69 

86.             „            dwpycUow. 

,t       *         . 

84-50 

15-30 

.     . 

.      . 

0-ie 

87.              ft            red-yellow    . 

f»       •        • 

90*00 

9*60 

1 

, 

0-07 

3S.             „            orange 

fi       *         • 

08-93 

0-73 

. 

. 

0-2C 

39.  „            copptT-rcd    . 

40.  „            Tiolet  . 

11       •        * 

99*90 

•     • 

* 

*      . 

0-0¥ 

t»       •        • 

08*22 

0*50 

trace 

.      , 

tracfl 

41.              „             green  . 

Hi. 

84-32 

16-02 

TI 

, 

0'3{ 

42.              „             whit43  . 

11           »            • 

•     - 

2-3a 

96*46 

.     . 

O'OL 

•  J.  pr.  Chero,  Ht.  l»«.                                                h  Hni.  H»nittj.  v.  *7!>, 

^^^^^H                                                     H  Fii«g.  Ann.  XKxr.  i75,                                              1   H»Ddw.  d.  Chem.  3  AuB.  IL  [S]  S<». 

^^^^H                                                      c  Ana.  Ch.  Fhji.  [2]  f .  831,                                         k  Ch*m.  Soc,  Qu,  J.  W,  152. 

^^^^^^H                                                        d  Om.  Hjindt}.  t,  4m.                                                     I    Schw,  J.  Ix.  4{i7. 

^^^^^H                                                      *  /f''^-                                                                              n  Handw.  /oc.  <rii. 

^^^^^H                                                   r  Jabreib.  d,  Cb«ni.,  iBdO,  p.  637. 

^^^^H                                    Allocs  cf  Copv e r,  Zine,  and  /r o n.— 80  pts.  zinc,  1  pt  copp^r»  and  1  pt.  casit  iron 
^^^^^B                                 form  Sorel'R  it'Aife  dra^j.     It  ha»  the  aspect  and  fracture  of  ordinary  zinc,  is  said  to  h*» 

^^^^H                                 &fl  hard  as  copper,  and  tougher  tlmn  cast  iron,  to  aiimit  of  turning,  fllinpr,  and  borintr, 

^^^^^P                                and  not  to  riLst  ov(^u  in  damp  sitiutions,     (Berthier,  •t'ogg.  Ann  bLX.  ^44.) 
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Alloy*  t>f  Copper^  Zine  and  "Nickel, —  ywkd-siltvr,  German-ailvcr^  White  cop* 
pfr,  Paf'kionrfar  Pfwh/ong,  Weisskupfer^  Neu-st'lbrr,  Argent  an,  MaiUechort, — To  prepare 
\\\i9  ttllriy,  wMcli  is  macb  used  as  a  Bubstitute  for  i«ilvt?r,  tho  copper  and  nickd  are  iirst 
Tnelted  in  a  crucible,  and  the  kiuc  i»  then  added  in  pieces  previously  heated.  On  the 
three  metttlsit  in  a  state  of  fine  diVisiou,  arc  mixed  together  in  a  <mcible|  eopper  being 
placed  ftt  top  and  bottom,  tho  whole  covered  witia  charcoal  powder  and  heated  in  on 
air-furnace  frith  a  Btrong  drrtn^ht,  tht*  mixtare  being  Rtinvd  all  tho  while,  to  ensure  tho 
cumplete  solution  of  the  dijffi<juj!lly  fusible  tiifket  The  longer  and  the  more  completely 
the  mixtare  is  fiised,  the  more  duetilB  do^s  it  become  \  part  of  the  linc  buruii  awaj* 
(Geradorfi;  Pcwg.  Aim.  TiiL  103.) 

pT'oportions  ofthe  materials, — a,  2  pts,  copper,  1  nickel,  1  zine :  eervcB  for  spoons 
and  forks,  h.  5  pt«,  copper,  2  nickel,  %  zinc :  haa  the  colour  of  silver  alioyed  with 
i  pt.  copper;  serves  for  knife  aud  fork  handles^  snu^ers,  &c,  e.  3  pts,  copper,  1  nickel^ 
1  xinc:  this  proportion  gives  the  best  alloy  for  rolhni*.  The  addition  of  3  pt«.  of  lead 
to  100  ptfl.  of  the  mixtLire  a,  or  of  2  pts.  It^ad  to  10(1  pta.  of  the  mixture  4  yiehls  an 
alloy  adapted  for  cast  articles,  such  as  candlestit^ks,  spurs,  and  heUs.  The  addition 
of  2*5  pto.  of  iron  oretecl  to  100  pts,  of  alloy,  renders  it  ranch  whiter,  but  likewise 
haivler  and  more  brittle;  the  iron  must  be  previously  fused  with  a  portion  of  the 
cropper,  under  a  layer  of  eharcoal-powder  in  the  blast-furnace,  and  then  melted  together 
with  tho  E:inc  antl  nickel  and  tho  rest  of  the  copnor  (Geraclorff).  d.  8  pts.  copper, 
3  nickel,  and  5  zinc  yield  very  good  nickel-silver  (Frick),  An  alloy  of  10  pts.  copper, 
1  nickol,  and  6  zinc,  has  still  a  pale  yellow  colour ;  that  which  contains  10  cop{>er, 
I  nickel  and  7  zinc,  is  yellowish-white  and  leas  ductile  than  d!(Frick).  Larger  quanti- 
ti*'s  of  iron  do  not  enter  into  oonibination  with  the  nickel-silver  as  a  whole,  but  unite 
with  part  of  the  copper,  nickel,  and  carljotit  forming  an  alloy  which  iloats  like  drops  of 
oil  on  the  snrface  of  the  nickel-silver.     (Erdman  n.) 

Nidkel-Bilver  has  a  crystalline  Btrueture  when  8<jlidifi«d  from  fusion.  It  must,  there- 
foTie,  be  bcated  to  dull  redness  and  cooled  ag;iiiii  completiily  be;fore  it  is  rolled  or  ham- 
mered ;  when  once  the  cryst^dline  structure  has  been  destroy^L^d,^  the  alloy  may  be 
worked  like  brasa  (Oersdorff).  Chinese  nickel -silvOT'  may  be  worked  even  at  a  doll 
reti  beat,  but  at  a  stronger  heat  it  flies  to  pieces  on  the  slightest  stroke  of  the  hammer 
{h^yi*^^  Edinb.  Phil  J.  vii.  69).  Nickel-silver  is  harder  than  silver,  and  suscepHble  of 
a  high  p:>lish.  Its  colour  approiiehes  that  of  sDvcr*  but  is  greyer.  A  mixture  of  1  pt. 
cil  of  vitriol  and  7  pts.  water  turns  it  wMte  when  boiled  with  it  (Gersdorff).  It  is 
ot  magnetic^  or  bat  slightly  eo ;  when  it  containi*  a  certain  amount  of  iron.  It  fuses 
t  a  bright  red  heat,  tho  zinc  burning  away  if  th<?  air  has  aeceas  to  it  When  exposed 
|to  the  air,  it  acquires  a  slight  yellow  tarnish.  When  immersed  in  vinegar,  it  becomes 
tfinated  with  verdigris,  only  at  those  parts  where  the  air  can  likewise  act  upon  it 
~^rick).  In  vinegar  it  becomMi  greenish  black  ;  in  wine^  dark  brown;  in  solution  of 
non  salt),  red  brown  ;  in  solution  of  sal-ammoniac  or  tartaric  acid,  black  with  green 
I ;  And  in  oxalic  acid,  black  (D'  Arc  et,  J*  Pharmv  iiiii.  223),    In  water  contain- 

\  ^  of  potash-hydrate^  it  remains  bright,     (A.  Vo  g  e  I, ) 
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fl,  Chinese  packfong,  of  specific  gravity  8-432»  k  English  nickel-silver,  somewhat 
eilower  than  the  German,  c.  Parisian  Maillecbort ;  contains  also  a  trace  of  arsenic, 
jrhich  remains  behind  when  the  alloy  is  disjwilved  in  nitric  add,  d  and  c.  From  un- 
known sources.  /  g,  imd  h.  Engliah  nickrl-aiker,  nstnl  in  Birmingham  for  articles 
that  are  to  be  plated.  *.  From  Sheffield,  diiitinguiabed  by  cxtmordinary  elasticity, 
tised  for  the  frisketdi  of  printing-presses. 

American  mckit'Si!wr,^\  pt.  iron.  I  cobalt,  2  lUver,  2  tin,  i  mangjmese,  24  nickel» 

i  sine,  and  96  coppiT.     (G  m.  v,  498,) 

COFFMS,  asOBm»afl  OIP*  Copper  dofia  not  unite  with  bromine  at  ordinaiy 
[  iempeni.tai>es,  but  on  tho  application  of  heat^  combination  takes  plac^  the  chief  pro- 
Ldoct  being  the  hemibromide,  Cu^Br. 

B  2 
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Prtftohromidsof  Coppetf  or  Cupric  Bromide^  CuBr,  i»  formed  by  evftfKiWi- 
ting  the  Bolution  of  cupric  oxide  in  aqueous  L^tlrobromic  acid,  and  fufiing  the  peaidue 
at  a  gentle  heat*  The  residiic  is  iron-black  kke  plnmbago.  If  the  tioliitian  bo  left  to 
evaporate  tn  racun  over  oU  of  Titrio],  anhydioufi  ahining  crystab  are  obtained,  resem- 
bling iodine  in  appeaxauco  (Rammclflberg,  Pogg.  Aim.  It.  246).  According  to  Ber^ 
tbemotf  protobromide  of  copper  gires  off  haLTits  bromine  eTen  below  a  red  beat;  ac- 
cording to  BammEibberg,  it  mrm  off  36-8  per  cent  and  learea  cuproua  bromide, 

HifdraUd  Protobr(miid€  (*/ mpper,  or  H^drobrometi^  ef  cupric  oxid^. — The  emerald- 
green  eolation  of  cupric  bromide  in  water,  or  of  cupric  oxide  in  aqueoua  bjdrobromie 
acid,  or  of  copper  in  ^  mixture  of  hjdrobromic  and  nitric  acidls,  becomes  brown  on 
eTiiporatioti,  and  vitjldH  rifiht  reetangular  prisms  (^^reetiish-jeUow  needlea,  according  to 
Bert  heme  t),  whieli  fuse  at  a  [i^entlo  heat,  giving  off  their  water  and  leaving  a  reaiduo 
of  anhydrous  protobromide  of  copper. 

Protobromide  of  copper  and  the  hjdrated  crystals  deliquesce  in  the  air^  and  dJBHolTO 
readily  in  watery  the  green  solution  turns  brown  on  evaporation,  and  likewise  when 
mixed  witb  oil  of  vitriol  or  with  salta,  these  enhstances  depriving  it  of  ita  water 
(Lowig).  Ammonia  added  to  tbe  solution  in  quantity  not  s^cient  for  eamplete 
precipitation,  forms  a  palo  green  precipitate  of  hydra  ted  oxybiomide* 

AiMnmiiQ-citpriQ  bromidts. — The  compound  iCoBr.SNH',  is  obtained  by  the  action 
of  dry  ammonia  gua  on  cupric  bromide.  It  is  a  bluish  powder,  which,  when  heat«d, 
giTes  off  water  iind  bromide  of  ammonium.  It  diseolTea  in  a  small  quantity  of  water, 
forming  a  deep  blue  solution,  which  becomes  turbid  when  diluted^  depoaiting  hydratcd 
cupric  oxide,  which  turns  black  when  heated  in  the  liquid  (Ra mm elsberg,  toc»  eit.). 
Another  amnion io-hromide,  containing  2CuBr.3NH*,  is  obtained  by  mixing  a  strong 
solution  of  cupric  bromide  with  a  smfficicnt  quantity  of  strong  ammonia  to  form  a  clear 
solution,  and  then  adding  alcohoL  It  forms  small  dark-green  crystals,  but  in  other 
pesX^cta  resembles  the  preceding.  Eammelsberg  found  in  the  former  of  these  com- 
pounds 28 '98  per  cent.,  in  the  latter  19'2%  per  cent,  ammonia. 

Hemibromide  of  Copper^  or  Cuprous  Bromide.  Cu^r,  or  CcuiBr.  IHhro- 
midc  of  ct/ppf^, — When  bromin©  is  poured  into  tbe  sealed  end  of  a  glasa  tube,  the 
upper  part  of  the  tulie  filled  with  fine  copper  wire,  and  the  copper  heated  to  duE  red* 
nesa,  combination  takes  place,  attended  with  virid  incandescence.  The  protobromide 
which  mixes  with  the  mass  is  dissolved  out  by  water.  On  disaolviBg  the  product  in 
aqueous  hydrobromic  acid,  any  copper  that  may  remain  nn combined  is  left  behind, 
and  the  cuprous  bromide  may  be  precipitatetl  from  the  solution  by  water  (Lowig). 
Another  mode  of  ppc^paration  is  to  heat  thin  rolled-up  copper-foil  in  a  flask,  at  tie 
bottom  of  whicli  some  bromine  is  placed,  and  when  combination  attended  with  ignj* 
tion  is  set  up,  to  drop  more  bromine  in,  till  the  whole  of  the  copper  disappears. 
Cuproua  bromide  is  likewise  obtained  by  beating  cupric  bromide  to  redness.  It  is  a 
dark-greenish  brown  mass,  which  is  decomposwl  by  ignition,  in  contact  with  the  air,  is 
insoluLle  in  water,  but  dissolves  without  cniour  in  hydrobromic  or  hydrochloric  acid. 
Nitric  acid  decomposes  it,  with  evolution  of  nitric  oxide.  It  is  not  acted  on  by  sub 
phuric  or  acetic  acid,  even  at  the  bjiling  heat.  It  is  said  to  dissolve  in  a<iue£»ua 
ammoniii,  and  to  yield  by  cvaponitioa  erj^stjils  of  an  ammonio-bromide.     (B  er  th  emot) 

OOFPSSi.  CAR8ISS  OR  C^&RSURST  OF.  Copper  does  not  appear  to  form 
any  definite  compound  with  carbon.  Pure  (electrotype)  copper  may  bo  fused  under 
charcoal  fjowder  without  uii<letgoiag  any  change  of  physical  properties.  Ordinary 
copper  thus  treated  becomes  brittle  at  a  red  heat ;  but  the  change  is  probably  due  to 
the  presence  of  email  quantities  of  forei^  metals,  as  in  overpoled  copper  (p.  29). 
Whether  any  small  quantity  of  carbon  is  taken  up  by  the  copper  has  not  been  exactly 
AlKertiiined.     {Percy's  MttaUurgy^  i  260.) 

OOFVIIK,  €;a£0&I9Ed  OF,  fl.  Protoehloridt  of  Copper,  Cupric  Chlo- 
ride,  Chloridt  of  Cupric um,  CuCL — This  compound  la  obtained  in  tbe  anhj* 
drouH  state :  1.  By  the  combustion  of  copper  in  chlorine-gas.  Copper  filings  or  copper 
tbil  introduced  into  dry  chlorine,  takes  tire  apontaneoualv,  and  bums  with  a  greenish 
light,  produciBg  a  mixture  of  cupric  and  cuprous  chlorides,  and  if  the  chlorine  is  in 
excess,  the  latter  is  slowly  converted  into  cupric  chloride. — 2,  By  heating  the  bydrated 
chloride  to  200^  C. 

Anhydrous  cupric  chloride  prepared  by  (1)  forms  a  brown  sublimate;  by  (2),  a 
brownish-yellow  powder.  It  has  a  caustic  metallic  taste,  is  fuaible,  and  at  a  red  heat 
gives  off  half  its  chlorine,  and  is  converted  into  the  hemichloride.  Heated  in  a 
current  of  phcsphoretitd  hydrogen,  it  yields  hydrochloric  acid  gas  and  tripbosphido 
of  copper.  Fused  with  pko^phonta,  it  forms  chlorido  of  phosphorus  and  phosphide  of 
copper  (H.  Rose.  Pogg.  Ann.  xxvii.  117).  It  is  not  decomposed  by  s^Upkuric  ankydride 
at  or^linary  temperature*!  (H,  Rose,  ibid,  xxxviii  121),  Stdphurie  actd  does  not 
decompose  it  at  ordinary  temperaturea,  but   completely  when  heated,   hydrochloric 
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Mcid  being  evolTed  (A.  Vogel),    Heatwi  in  a  cairent  of  etht^kne  ffas^motochlonde  of 

copper  jitldB  ft  mixturo  of  copper  and  cuprous  chloride  (Wo  ill  or).    When  ea^o5ed  to 

the  aiff  it  turns  green  and  dehqnesces. 

H^draiid  pratocMoride  of  copper  in  produced:  1.  By  the  delianeflcencc  of  the  an- 
bli^drona  chloride. — 2.  When  copper  immeraed  in  hydrochloric  acia  is  expos^ni  to  the 
I  ftir  for  a  considerable  time.— 3.  By  diasolTing  copper  in  aqna  rcgiv — 4.  By  dissolving 
I  enpric  oxide  or  carbonate  in  hydrochloric  acid.  The  aolntion  of  cupric  oxide  In  concen- 
j  trat«d  hydrochloric  iKjid  is  attended  with  great  development  of  heat. — 6.  By  pouring 
I  A  stnidl  quantity  of  water  at  60° — 60°  C.  on  a  mixtnro  of  equal  weighta  of  ptdreriBed 
Iptilniiate  of  eopper  and  eoinmon  salt.  The  dark  green  liquid  thua  formed  deposita,  on 
IfiDoling,  aryitala  of  sulphate  of  ^odiiim,  and  by  farther  evaporation  the  remainder  of 
Ktitia  aaltt  together  with  the  excess  of  chloride  of  Bodium :  the  decanted  solutioi]  finally 

fields  OTitals  of  cupric  chloride  (Rieekher.)     The  emeirald-grean  Bolution  evapo- 

ated  and  cooled,  yields  ^een  rigbt-anpled  fonr-aided  priams,  which  at  lOO'^C.  turn 
I  Ikrown,  giTing  off  the  greater  part  of  tbeir  water,  but  do  not  part  with  the  whole, 
[which  amotints  to  21  53   per  cent.,  till  they  are  heated  lo  200*^  (Graham,  Ann.  Ch. 

Pharm.  xxix.  31).  Cold  »ulpburic  acid  Hkowbe  abstracts  wuter  from  tbcm,  and  con- 
I  Teita  them  into  the  brown  anhydrous  protochloridev  which  it  does  not  dissolve  or 

'eeompoae  (A.  Vogel).     The  cr^'atala  deliquesce  in  the  air. 
From  the  aqueous  solufcioo,  pho&pkorus  throws  down  heraichloride  of  copper,  and 
I Jbrms  phosphoric  acid  (Boeck);  the  same  precipitate  is  likewise  |troduee<l   by  w*^- 
IcMr^Tf  with  formation  of  mercuroua  chloride;  by  silver^  with  form  sit  ion  of  chloride  of 
IgilTer,  black  at  first,  but  afterwards  white  (Wet alar,  Schw.  J.  lii,  475)  ;  and  by  dU 
X^ofidt  of  tin  ^  with  formation  of  t^tracbloride  of  tin.     Cuprous  chloride  is  also  preci- 
atated  on  ItoUing  the  aqueous  Bolution  with  ttugar^  and  partly  remains  dissolved  in 
*"   hTdrochloric  acid  produced  by  the  reaction  (A.  Vogel);  a  solution  of  proto- 
iride  of  copper  mixed  with  tthtr^  and  exposed  to  the  sun's  rays,  loses  its  colour,  and 
Icm  the  adtUtion  of  water  yields  a  precipitate  of  cuprous  chloride.     (Gehlen.) 
I     The  solution  of  protochloride  of  copper  in  a  Hmall  qnantity  of  water  ib  emerald-green, 
ilmt  II  larger  quantity  tnmfl  it  pale  blue.     The  concentrated  aolntion  assnniea  a  yellow 
P^our  on  thii  addition  of  strong  hydrochloric  acid.     %Vith  strong  sulphuric  acid,  it 
Ipfytidifies  to  a  brown  mass.     Characters  traced  ou  paper  ^4th  the  solution  turn  yellow 
I  wbem  heated,  the  writing  disapfiearing  as  the  paper  cools. 
P^tochloride  of  copper  is  soluble  in  alcoltol  and  in  ether » 
For  tlie  so-called  basic  cM^ridts  ofc(^pper,  sets  Coffee,  Oxtchxo hides  of» 

Ammtmio^upric  Chiondt4.^lOO  pts.  of  drr  cupric  chloride  quickly  absorb  73'7  pts. 
I  afnnu^nia,  crumbling  at  the  same  time  to  a  bluo  powder.    The  resulting  compound, 

k-which  has  the  composition  3NH».CuCl,  or  possibly  NHCn(NH*)'. CI,  gives  off  part  of 
Rita  ammania  on  exposure  to  the  air,  and  tnraa  green.  At  140^  C.  it  gives  ofT  2  at. 
I  smmonta,  leaving  an  apple-green  powder  consisting  of  chloride  of  cuprmnmmiitmi, 
I  KH*Cu.CL  At  a  higher  temperature,  it  gives  ofT  aiu-ammoniac  and  a  small  quantity 
[  nitrogen,  and  leaves  cuprous  chloride.     (H.  Bose.) 

I  Tlie  compound  3NH*.CuCl  is  obtained  as  a  hycbate,  2(3NlI*.CuCl).H»0,  by  panaing 
[  ammonia-gas  into  a  solution  of  cupric  chloride.  tiD  the  precipitate  which  iir?«t  fcinns  is 
Yiediseolv^  The  liquid  Ijecomes  heated  nearly  to  the  boiling  point,  and  on  cooling 
Ldeposit£  the  compound  in  dark  blue  prisms  and  octahedrons.  (Kane.) 
I  The  di-ammonic  compound  is  obtained^  by  passing  ammonia-gas  in  excess  through  a 
f  Iiot  saturated  solution  of  cupric  chloride,  in  dark  blue  hydrated  octahedrons,  which 
1  it  149®  C.  are  reduced  to  NHVCuCl. 

The  o^r^hioridet  Cu»C10,  likewise  absorbs  ammonia-gas,  forming  the   compound 

\  Nir*Cu»cio, 

Protochioride  of  copper  forms  donble  salts  with  the  chlorides  of  the  alkali-metals, 

Chiaridf  of  Cuprkum  and  Ammomnm  (Kupfrr-jfotmak),  Nn*ClCiiCl  -t  H^O,  is  ob- 

—  Ahy  dissolving  634  pt«.  sal-ammoniac  md  67'4  pt-s.  iinhydrous  or  85*4  pts.  crjrs- 

d  protochloride  of  eopper  in  a  small  quantity  of  water,  and  leaving  the  S43luiion 

ii^oL     This  salt  forms  bluish-green  quadratic  octahedrons  perfectly  soluble  in  water 

_iid  alcahol,  and  easily  decomposed  by  heat  (M  jtsohoriich,  Graham)  ;  Henmann, 

1;^  the  same  mode  of  preparution,  obtained  a  milt  with  2  at  water;  so  likewij^e  did 

VHauta,  by  saturating  hydrochloric  acid  with  cupric  carbonate,  and  mixing  the  solution 

Trith  half  the  quantity  of  hydrochloric  acid  neutralised  with  ammonia* 

B^.  '    '  lained  several  compounds  of  chloride  of  ammonium  with  biisic  enprie 

(eilloT  1  rido )  by  filling  the  bend  of  a  IT-tuliC  with  claVj  placing  solution  of  nab 

|,jMnmo;^.»    .u  lUv  one  arm,  cupric  chloride  in  the  other,  and  immersing  the  cud  of  a  bent 

iptrip  of  copper  in  each  ami  in  such  a  manner  a»  not  by  touch  the  clay.     The  end  dip- 

'|>ing  into   Uie  sal-ammoniac  Ijecame  covered  in  the  course  of  a  few  months  with 

crjrotals  exhibiting  njmarkahle  truncations  of  tho  angles  and  edges ;  they  were  rssolTed 
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hy  water  into  E*li]oride  of  ammoolum  &nd.  oxydilorLdo  of  copper.  A  simlliLr  oompoimd 
waa  obtained  vnih  cbloridt^  of  potassium. 

Chloride  of  Cupnciim  nnd  Potastthtm,  KCl-CuCl  +  H*0,  is  obtained  in  the  same 
manner  aa  the  corresponding  amtnonium-salt,  acconling  to  MitBcherlicli^  in  Quadratic 
octahedrona,  according  to  Jacq^ueLLiu,  in  double  six-sided  pyramidfi,  liable  in  water 
and  in  alcohol 

HBittOKLOBiDi  or  CoppKK*  Cuprous  Chloridr,  Chloride  of  Cuprosum. 
Ci^l  or  CcuQ^  ako  called  Dichioride  of  Copper,  Bt*t/k's  Ecsinu  cupri.  —  Produced :  1. 
Together  wilh  the  ppotochloride,  by  the  combustion  of  copper  in  ciilorine  gns. — 2.  Copper 
heated  witb  protochlorid©  of  niercurj%  yields  rapour  of  mercury  and  hemichlorido  of 
copper  ( B o  j  1  e ),  Th o  deeom poeitio a  U\kcs  phice  most  reodily  mth  1  pi.  copper  to  2  pta* 
corrosive  auMimate  (J.  Davy).  More  exactly,  6i  ptfi.  (2  at.)  copper  and  136  pis.  (I  at.) 
corrosive  Bublimate. — 3.  A  plate  of  copper  iniinen«ed  in  hydrochloric  acid  in  a  flask 
oon tainting  aSr^  becomes  co verted  with  white  tetnihedrona  of  hcnuchloride  of  copper 
(Proust).— 4.  The  compound  may  also  be  formf^  by  agitating  copper-fihnga  with  a 
Bolution  of  the  protochlorido  in  a  dose  vessel  (Prouat).--6,  B^  precipitating  cupric 
oulphat^f  hydrocnlorate,  nitrate,  or  acetate  with  aqueous  dichlonde  of  tin,  or  by  treat- 
ing cnpric  hydrate  or  carbonate  with  diehloride  of  tin  dissolved  in  hydrochloric  acid 
(Prouflt): 

4CuCl  +  SaCl«  «  2Cii"'Cl  +  SnCl*. 

6.  By  treating  aqueous  prot^cbloride  of  copper  with  phoephonis,  ether,  sugar,  &c — 
7*  By  heating  the  protochloride  in  a  retort  for  a  considerable  time ;  digest ing  tho 
rcsstdne  with  water  for  seveml  days  with  the  retort  closed,  to  dissolve  out  the  unde* 
composed  protochloride,  and  pouring  off  the  resulting  solution  ■  the  reyiduo  consists  of 
hemicblonde  (Prouat). — 8.  By  agitating  pnlverieed  cuprous  oxide  with  hydrochloric 
acid  in  a  dote  Teasel  (Proust,  Chenevix). 

Cuprous  chloride,  obtained  by  precipitation,  is  a  w^ute  crystalline  powder,  which  ac- 
quires a  dingy  violet  and  blackish-blne  tint  by  ex^ure  to  aunlight.  It  crystallises 
from  its  solution  in  hot  concentrated  hydro^ihloric  acid  in  white  tetrahedrons  (Proas  t), 
which  turn  bluish  when  exposed  to  li^lit.  According  to  J.  Davy,  it  separates  in  olive- 
gpn^D  prisms.  It  melts  aomewbat  below  a  red  heat,  and  when  slowly  cooled,  solidifies 
m  a  translucent,  light  yt^llow  mass  ( greyish -white ;  Proust) ;  the  residue  obtained  by 
rapid  cooling  is  of  a  dark  brown  txilour,  and  confuted  texlnre  (J.  Davy)*  Specific 
gruvity  of  the  melted  mass  =  3 '677  (Karsten),  In  close  Teasels,  it  does  not  Yolali- 
liMe.  even  when  strongly  heated;  but  if  heated  in  the  air,  it  goes  off  in  white  Tapours. 

Heated  to  rednesa  in  a  stream  of  htfdrt^ifm,  it  is  converted  into  metal  and  nydro- 
chlorie  acid  gas ;  in  an  atmosphero  of  phoftphft  tiled  Af/drt>^ai,  it  yiekls  box  cupric 
phosphide  nnd  hydrochJoric  acid  gas  (H.  Eose,  Popg.  Ann.  iv.  110,  206),  With  irmi' 
jUitu/»  under  water^  it  yiekla  metallic  copper  and  soluble  protoxide  of  iron  (Proust), 
^rrroua  »idphatr  added  to  the  solution  of  the  hemichloride  in  hydrochloric  acid» 
throws  down  metallic  (^opper  (Pro  us  t),  HemirJiloride  of  coppertums  yellow  when  boiled 
with  woter;  but  the  decomposition  is  not  complete  {Prouat)»  With  fused  ki/druU  uf 
poiaMtnm  or  the  aqueous  solution  of  potash,  it  yields  cuproiis  oxide  and  chloride  of 
potassium  (Proust).  When  exposed  to  tho  air  in  the  dry  state,  it  slowly  attracts 
moisttiro  and  turns  green  j  in  tho  moist  state  it  is  quickly  converted  into  a  green  mass, 
(ProuBt)»  With  nitric  acid  it  forms  first  a  violet  and  then  a  blue  solution,  the 
action  being  attended  with  great  rise  of  temperature  and  violent  evolution  of  nitric 
oxide  (Proust).  A  mixture  of  hemichloride  of  copper  and  sutphurie  add  assumes  a 
faint  violet  colour  when  covered  with  a  thin  layer  of  fuming  nitric  acid.     (Gmelin.) 

Hemichloride  of  copper  docs  not  dissolve  in  water,  or  in  dilute  sulphuric  acid ;  but 
it  dissolves  without  colour  in  strong  hydrochloric  acid,  in  aqueona  ammonia,  and  in 
solution  of  common  salt.  A  similar  solution  is  formed  by  agitating  the  acid  in  a  close 
ve^isel  with  cuprous  oxide,  or  with  a  mixture  of  the  protoxide  and  excess  of  metallic  copper ; 
or  by  agitMing  copper-filings  with  a  fiolution  of  the  protochloride  strongly  supersaturated 
with  hydrochloric  ucid  ;  or  by  mixing  tlie  sume  solution  withetherand  exposing  it  to  tho 
sun'w  niys.  The  colourless  liquid  prt^pared  hot,  deposits  erystxds  of  hemichloride  of  copper 
on  cooling.  The  solution*  when  mixed  with  a  considerable  quantity  of  water,  deposits 
the  greater  part  of  the  hemichloride  in  the  form  of  a  white  powder.  Small  quantities 
of  ammonia  added  to  the  solution,  produce  tran*»pareot  cubes  of  hemichloride  of  copper 
and  ammonium,  which  dissolve  in  a  larger  quantity  of  ammonia,  forming  a  colourless 
liquid  which  tums^blue  on  exposure  to  the  air.  Fuming  nitric  aeid  imparts  to  the  solu- 
tion a  dark  greenish-brown  colour,  which  afterwards  coEDges  to  yeUow  with  evolution 
of  n  itronH  gas.     (G m  e  1  i  n.) 

The  hyilrocliloric  acid  solution  of  Iiemichlortde  of  copper  imparta  a  blue  colour  to 
mohjbdic  acid^  decolorL^es  resyf  ntly  precipitsited  Prmsinn  Uut,  throws  down  calomel  from 
ft  solution  o{  ci^rrvsivfjfuhlifnakj  and  metiUlic  ^^flW  from  a  solution  of  goUL  (Proust.) 
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Aquioua  eupr<ath0upric  CMtrnde  is  formed  in  solution  by  oxposmg  the  aolufioTi  pf 
1  cnppons  oxido  in  ejccess  of  hydroeblorio  acid  to  the  air ;  by  mixing  the  saiDP  solutioo 

with  a  solution  of  protochloride  of  copper ;  or  hj'-  agit^Jting  the  laitMt  initli  a  smiill 
I         quantitj  of  copper-tilingB.     It  is  u  dark  brown  liquid.     (Proust*) 
,  Ammonio-cu^rout  Chloride. — Hemichloride  of  copper  forms  a  colour  less  solution  with 

,         ftqaeouB  AmmoniiLi  from  wliicli  potoab  throws  dowD  cuprous  hydrate^^  providod  the  am^ 
*         monift  is  iu>t  in  too  groat  oxcess. 

I  Chloride  of  Cu^osuni  and  Ammmtium. — The  eolntion  of  cnprona  cUoride  in  »tiong 

bydrochlofic  acia  mbtod  with   small  quantities  of  ammonia^  tlf posits  tmnnjmront 

t         crystals  which  appear  to  be  cubes  (Gmclin).     A  similar  compound  in  likewise  formed 

when  a  solation  of  sal-ammoniac  in  whicli  copper  is  immersed  id  exposed  to  the  air. 

(Becquerel.) 

Chhride  o/  Cuproaum  and  Poia^ttm^  2KCLCcuCl,  ia  produced  when  cuprous  chlo- 
ride, as  obtained  by  mixing  its  hydrochloric  acid  solution  with  water,  or  tiy  precipitating 
a  cuprous  tsJt  with  stannous  chloride,  is  boiled  with  a  small  quantity  of  water,  and 
mixi^i  with  chloride  of  potassium  as  long  as  the  latt'er  continues  to  dissolro.  Tho 
solution  on  cooling  deposits  cubic  crystals.  Becquerel^  by  tlio  eleetpolytic  mt^fhod  do- 
scribed  at  page  53,  obtained  tetrahodral  eiystals  of  the  same  or  similar  constitution  ; 
also  tile  corresponding  banumsaJt. 

Chltmde  of  Cuprosum  and  Sodium, — ^Cuproas  chloride  dissolTes  rerr  readily  in 
solntion  of  common  salt,  and  on  cTaporating  the  liquid  in  vacuo,  the  double  salt  crjg- 
tallises  out;  with  ditBfuIty,  however^  on  account  of  its  great  solubilify.  Potash  throws 
down  cuprous  oxide  ;  ferrocyanido  of  pntiisBinm  yields  a  whit^?  precipituto, 

COYP8«,  DBTlSGTXOir  ilJfl>  I!8TmCA*nO»r  or.  L  Reaciions  in  the 
2)rff  Wetf. — Copper  and  iti<  t'Oni|x>mids  imp»irt  a  green  colour  to  flamo. — Tho  black 
oxi^e  of  copper  dissolves  by  fusion  in  a  vitreous  flux,  and  produces  a  green  ^laas.  Any 
compound  of  copper  fuj^ed  with  borax  in  the  oxidising  flamo  of  tho  blowjupo  forms  a 
transparant  glass,  which  is  green  whilo  hot,  but  assumes  a  beautiful  blue  colour  when 
cold.  In  the  reducing  fiame,  the  glass  becomes  opaqnCt  and  covered  on  the  surfacQ 
with  liver-coloured  streaks  of  cuprous  oxide,  or  metallic  cop|>er,  Thi«  last  reaction  ia 
somewhat  diflBcnlt  to  obtain*  especially  when  the  quantity  of  copper  is  small,  but  it 
may  always  be  ensured  by  fusing  a  small  piece  of  metallic  tin  in  tho  l>ead.  Copper 
\  salts  mixed  with  carlxjuate  of  sodium  or  cyanide  of  potoisaium,  and  heiited  on  charcoal 
before  the  blowpipe,  yield  metallic  copper,  Tho  oxides,  carbonatCH,  nitrates,  and 
ciigpuiic  salts  of  copper  are  reduced  on  cliarcoal  without  the  aid  of  an  alkaline  flux. 

2.  Heactions  in  Solution, 

Of  Cuprk  salts,  — Theto  saltfl  in  Bolution  have  generally  a  sky-blue  colour ;  a 

~  solution  of  the  chloride  is  green,  but  becomes  blae  on  dilution  with  water. 

is  separated  in  the  matallic  state  from  its  salts  by  rhWf  iron,  kad,  and  the 

lire  oxidable  metals,  which  are  dissolved  and  take  the  place  of  the  former  metal 

K)  by  ph&^tkorus  from  a  solution  of  the  sulphat4?  or  nitnite,  and  from  a  dilute 

■olutioQ  of  cupric  chloride ;    but  in  a  strong  solution  of  the  latter,  phosphonin  first 

produces  a  white  precipitiite  of  cuprous  chloride,  and  then  becomes  lliickened  from 

fbniuition  of  phosphide  of  copper.      Wotid  precipitates  metallic  copper  from  lU  solu- 

tiona  after  long  contact.     Copper  is  likewise  easily  precipitated  from  its  soltition  by 

dednolysis,  as  in  the  electrotvpe  process. 

SMipkifdrio  acid  and  tdkafhw  suipfudes  throw  down  a  brownish -black  preeipitata 
turotoinilpbide  of  copper,  inaolublo  in  sulphide  of  potassium  or  sodium^  slightly  so- 
ible  in  oulpbtde  of  ammonium. 

PiotoMk  OP  aoda^  added  to  the  solution  of  a  cupric  salt,  throws  down  at  first  a  light 
lAnt  pncipitata  of  hydratcd  cupric  oxide,  which,  however,  on  agitation,  takes  up  a 
porfioii  of  tbo  undocomposed  salt,  and  fomis  with  it  a  green  basic  salt.  An  excess  of 
the  alkali  throws  down  the  hydrate  in  bulky  blue  flakes,  which,  on  boiling  the  mix- 
lurcy  collect  together  in  the  form  of  a  hiack  powder,  consisting  of  the  anhydrous  oxide. 
This  reaction  ui  greatly  modified  by  the  presence  of  find  organic  8uh»ttinc^s,  such  as 
sugar,  tarUrie  acid,  &c.  In  a  solution  of  sulphate  of  copper,  containing  such  sub- 
stances in  sufficient  quantity,  potash  either  produces  no  precipitate,  or  one  wiiifh  is 
f  uieidj  redissolved,  forming  a  blue  solution  ;  and  from  this  solution,  when  boiled,  ibe 
OOppor  if  aometimcB  wholly  precipitated  as  red  or  yoUow  cuprous  oxide,  m  when 
10  pnssent,  or  partially,  as  with  cane-sugar,  or  not  at  all,  as  with  tartarie 

,  added  by  degrees,  and  with  constant  agitatiou,  to  the  solution  of  a  cnpri« 

it,  first  throws  down  a  green  basie  salt,  and  afterward'^  the  blue  hydmte :  an  exceas 
\  aiumoDia  dissoWes  tho  prt^cipitate,  forming  »  deep  blue  solntion.  A  copper  solution 
iluted  so  fttt  as  to  be  coIoutIc^hh,  becomes  dijslinctly  blue  on  tho  addition  of  ammonia. 
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The  lilao  colour  thui  prodacf4  is  still  mible,  according  to  Laaaaigne,  in  a  solatiou 
cxintaining  1  pt  of  copper  in  100,000  pU.  of  liquid 

Carbfmate  af  poiassivm  or  sodium  throws  down,  with  evolution  of  carbonic  acid^  a 
greenisli-bliie  pr«cipitato  of  a  basic  carbonate  of  copper,  which,  on  boiling,  is  con- 
verted into  the  black  ozida.  Carbonate  of  a^nmonium  producer  the  eame  precipitator 
bat  when  udded  in  exci3«s,  dissolrei  it  abundatitlj,  forming  a  blue  aolution. 

Cyanide  of  potoitaium  cau&cfl  a  jellowiah  ^reen  precipitate  of  capric  cyHnido, 
Boiuble  in  ezcese  of  the  reagent :  h  jtlrochloric  acid  Ihrowa  down  white  cuproiia  cyanide 
from  thii  sohition,  iolubk  in  exceaa  of  acid :  enlphjdric  acid,  oraulpbide  of  amtnoniam^ 
produces  no  precipitate. 

FfTTvcanyide  of  potassium  fornm  with  cnpric  salta  a  deep  chocolate-coloured  preci- 
pitate of  ferrocyanide  of  copper.  To  Teiy  dilate  solutions  it  imparta  a  reddiah  colour, 
which  is  even  more  delicate  in  ita  indications  than  the  araiuonia  reaction,  being  atill 
Tiaihle  in  a  solution  containing  1  pt.  of  copper  in  400,000  pU.  of  liquid,  aooordiDg  to 
Laasaigne,  and  in  1,000,000  pta.  according  to  Saxzeau*  Ferrocjanide  of  copper  dia- 
boXtos  in  aqueous  ammonia,  and  reappears  wheo  the  ammouia  is  crapomtea.  Thia 
reaction  Bexres  to  detect  extremely  small  quantities  of  c<;>ppeT,  eren  when  Baaodated 
irith  other  metak.  Thus,  if  a  solution  coutsiining  copper  and  iron  be  treated  with 
cxceaa  of  ammonia,  a  few  drops  of  feirocjanide  of  potaasium  added,  the  liquid  filtered, 
and  the  filtrate  left  to  eTaoorate  in  a  small  white  porcelain  capdulc^  ferrocryanide  of 
copper  wiU  bo  left  bebino,  exhibiting  ita  cbaiacteriatic  red  colour  {Warington, 
Chem.  8oc  Qu,  J.  t.  137).  Iodide  of  potassium  added  to  cnprie  salts  forma  a  jellow 
precipitate  of  cuprous  iodide,  with  separation  of  iodine.  Cupric  salts  arc  completely 
reduced  to  cuprous  salts  by  alkahne  sidphitcs,  partially  by  free  aulphurous  acii 
H^posiiiphiks,  at  the  iKjiling  beat,  throw  down  sulphide  of  copper. 

fl.  0/  Cuprous  salts.-^Bnt  few  of  these  ealta  are  capable  of  existing  in  solution. 
Cuprous  oxide  is  decompoecd  by  n  on -oxidising  acids,  such  as  sulphuric,  pho^pborJc, 
oxalic,  acetic,  and  oven  by  dilute  nitric  acid,  into  metaUic  copper  and  a  cupric  aalt, 
and  ia  oxidised  by  strong  nitric  acid,  yielding  cupric  nitrate.  Hydrochloric  acid 
added  in  small  quantity  to  cuprous  oxide  concerts  it  into  white  cuprous  chloride, 
which  dissolves  in  a  larger  quantity  of  the  strong  acid,  forming  a  solution  which  is 
colourless  if  quite  pure,  but  generally  has  a  brown  tint>  due  to  the  presence  of  a  small 
quantity  of  anhydrous  cupric  chloride ;  on  exposure  to  the  air,  it  gradually  tuma  green. 
The  colourless  or  brownish  solution  exhibits  the  following  iieactiona :  — 

Wattr  added  in  aufficicnt  quantity  tfirowa  down  a  white  precipitate  of  cttprom 
chloride,  tliis  compound  being  soluble  only  in  stronpf  hydrochloric  acid» 

Cawfde  potashf  added  in  small  quantity,  neutralises  the  j^e  acid,  and  pre<^pitat<4 
the  white  cuprous  chloride ;  in  larger  quantity  it  forms  a  browniah-yellow  precipitate  of 
euprons  hydnite,  insoluble  in  excess  of  potash,  soluble  in  a  large  quantity  of  ammonia ; 
when  expoaed  to  the  air,  it  gmdually  turns  bladk. 

Ammonia  in  exceaa  forms  a  colourless  aolution,  which  gradually  turns  blue  on  expo- 
iiire.  Potash  added  to  this  ammoniacal  aolution  throws  down  the  browniah -yellow 
hydrate,  provided  the  quiintity  of  amnionia  present  is  not  very  lai^e  in  pro|K>rtion  to  the 
potash.     Carbonate  of  ammonium  acta  in.  like  manner* 

The  carhonatfSt  both  neutral  and  acid,  of  poiasmi7n  and  sodium  farm  a  yellow  pre- 
dpitate  of  cuprous  carbonate. 

Iodide  of  poiamum  forma  a  white  precipitate  of  cuprona  iodide,  without  liberation 
of  iodine. 

Sulph^dric  acid  produces  a  black  precipitate  of  ciiprous  sulphide.  AfkatimB 
sulphides  produce  the  same  precipitate  in  aolutiona  preriously  saturated  with 
ammonia. 

Zinc  and  trort  precipitate  metallic  copper. 

Cujiroua  solutions  are  formed  by  treatinp^  the  solutions  of  rupric  salta  with  alkaline 
Bulphitca.  Free  sulphurous  acid  produces  but  a  partial  dooxidation  and  divoloration, 
©yen  after  prolongetl  boiling,  the  product  formed  being  a  cuproso-cupric  sulphate, 
which  sometimes  separates  in  rwl  crystals ;  butif  potawh  or  ammonia  be  likewise  added, 
the  solution  becomes  quit©  colourlesn  even  in  the  cold,  and  contains  a  double  sulphate 
of  cuproKum  and  the  alkali- luetaL  This  colourless  solution  behaves  with  ammonia, 
and  toe  other  reagenta  above  mentioned,  in  the  same  manner  as  the  solution  of  cuprous 
chloride  in  hydrochloric  acid  (excepting  that  it  is  not  decomposed  by  dilution),  and 
jielda  with  cyanide  of  pCftaMium  a  white  precipitate  of  cuprous  cyanide,  which  dis- 
aotrea  in  excess  of  the  reagent,  forming  a  solution  which  is  not  precipitated  by  sul- 
phide of  ammoniuiEL 

Cupmua  a&lta,  especiaUj  the  solution  of  the  chloride  in  hydrochloric  acid,  quickly 
absorb  mrbonic  oxide  gas.  The  solution  of  the  chloride  aatujuted  with  this  gaa  is  not 
precipitated  by  water,  or  even  by  alcohol     (L  eh  lane) 

M*ir»h-gas  ia  likewise  absorbed  by  the  soluf  ion  of  cuprous  chloride. 
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3.  Quantitative  Estiinaiion. 

When  eopp«r  is  dissoWed  in  nitric  acid,  find  the  solutiOB  does  not  contain  an^ 
other  metal  or  non-Tolatile  jsnbst&ncei,  it  is  Huffieient  to  evaporate  tbo  soJulton  to 
diynesa  in  a  platinum  or  porceliun  crucible,  adding  a  Blight  eieeaa  of  nitric  acid  to 
pNfveot  reduction  of  tha  copper  by  anj^  deoxidising  substance  tliat  may  be  present,  and 
neftt  tlie  reaidua  to  redness.  The  copper  then  remaina  as  protoxide,  which  mtist  bo 
weighed  tmmediatd.y  aft^r  cooling,  with  the  corar  on  the  crucible,  bocause  it  is  very 
hyeroaeopic :  100  pta.  of  tho  oxide  ooirespond  to  7^*82  per  cent,  of  copper. 

Id  other  cases  the  copper  miiitt  be  separated  by  precipitation.  This  may  he  done 
in  aerv^  vaya, 

a.  Jiy  cattAtic  poiaahf  which,  when  added  to  a  boiling  solution  of  a  cupric  salt,  throwg 
down  tne  copper  aa  protoxide,  in  the  form  of  a  heavy  black  powder.  Care  muat  bo 
takcD  not  to  add  the  potujsh  in  too  great  excess,  as  a  small  quantity  of  tlie  copper  will 
then  be  retained  in  Bolution*  The  precipitate  is  to  be  washed  with  boiJing  water, 
then  dried  on  the  filter,  ignited  in  a  porcelain  or  platinum  crucible,  and  weighed  with 
the  same  precautiona  as  before.  As  a  sinaE  quantity  of  the  protojdde  may  have  been 
reduced  by  the  organic  matter  of  the  filter^  it  is  beat,  after  weighiBg,  to  moiaton  it 
with  a  few  drope  of  nitric  acid,  then  ignite  and  weigh  again. 

A,  Htfpochloride  cf  sodium  may,  in  aome  cases,  be  advantageously  ust*d  in  place  of 
caustic  alkalis,  to  precipitate  copper  m  protoxide*     (Field,  Chem.  Hoc.  J,  xiv.  159.) 

c.  When  other  metals  ore  present,  it  is  often  necessary  to  precipitate  the  copper  as 
sulphide,  by  Mu/phydrw  acid.  In  tliiti  case  the  precipitated  sulphide  must  be  washed 
as  quickly  as  jK>8sible  with  wat^r  containing  suJphydnc  acid,  to  prevent  oxidation*  The 
precipitate  may  then  h&  dried,  and  tho  filter  burnt  with  the  procipitatc  on  it,  afUsr 
which  the  precipitate  is  treated  with  strong  nitric  acid,  which  dissolves  it,  with  Hepa- 
ration  of  sulphur,  and  the  copper  is  precipitated  from  the  solution  by  potjiish  as  abovi?. 
The  chief  precautioQ  to  he  attended  to  in  this  process,  is  to  wash  the  precipitated  sul- 
phide qniiily,  and  to  preserve  it  an  completely  as  possible  from  contact  with  the  air, 
othervnse  the  sulphide  becomes  partially  oxidii?ed  and  converted  into  sulphate,  which, 
beii^  soluble,  runs  through  the  filter;  when  this  takca  place,  the  filtrate  becomes  brown, 
because  the  copper  thus  carried  through  is  again  precipitated  by  the  sulphydric  add 
in  tho  filtered  Jiqnid, 

From  neutral  or  alkaline  solutions,  copper  may  also  be  precipitated  by  sulpkidt  of 
Qmmonmmt  but  this  method  ia  not  quite  so  exact,  bdcansfi  sulphide  of  copper  ia  slightly 
soluble  in  that  reagent,  and  the  precipitate  oxidises  more  quickly  than  that  formed  by 
sulphydric  acid. 

a.  By  line  or  iroft,  A  Tery  exact  mode  of  estimating  copper  is  to  precipitate  it  from 
its  solutions  in  the  metallic  state  by  means  of  pure  zinc.  The  solution,  which  mar  a)ii- 
taio  sulphuric  or  hydcochloric  acid,  but  should  bo  ^e  &om  nitric  acid,  ia  placed  in  n 
platinum  capsule  or  crucible,  previously  weighed  *  a  piece  of  £LDC  large  enough  to  pre^ 
cipitate  all  tlie  copper  is  immersed  in  it ;  and  if  the  solution  is  neutral,  hydrochloric 
acid  is  added  in  auiiicient  quantity  to  produce  a  moderately  brisk  disengagement  of 
hydrogen,  the  Teasel  being  covered  with  a  wateh-frlass,  to  prevent  splashing.  Tho 
copper  is  immediately  precipitated,  partly  on  the  platinum  in  a  compact  Iftyer,  portly  in 
the  spon^  form.  As  soon  as  all  the  zinc  appears  to  he  dissolved,  the  precipitate  must 
hs  pressed  La  different  parts  with  a  glass  rod,  to  make  sure  that  there  are  no  little 
lamps  of  line  remaining  j  the  complete  solution  of  tlie  zinc  may  l>e  insured  by  adding 
a  f^w  drops  of  hydrochloric  acid,  and  observing  whether  any  fiirther  evolution  of  hy- 
drogen takes  place.  The  dear  solution  is  now  to  be  decanted,  and  a  drop  of  it  tested 
for  eopper  with  ferroeyanide  of  potassium:  if  no  coloration  takes  place,  the  precipitated 
eopper  may  be  washed  witli  hot  water  by  decantation,  till  tho  wash-wat^tr  no  longer 
gives  a  cloud  with  nitrate  of  silver;  the  greater  part  of  the  water  in  the  cmeible  is 
then  poured  ofli  as  much  as  possible  of  the  remamaer  taken  up  by  filter- pa p<'r,  and  tho 
predpitnted  eopper  dried  as  rapidly  as  possible  at  100^  C,  Chen  left  to  eool  and  weighed. 
The  precipitation  may  also  be  performed  in  a  glass  or  porcelain  vessel,  but  it  is  not  so 
raptcl  as  in  platinum ;  it  might,  however,  be  accelerated  by  inserting  a  piece  of  plati- 
num foil. 

This  process  givea  veir  exact  results,  provided  the  zinc  used  is  perfectly  pure  t  if, 
on  tlie  other  hand,  the  xinc  contains  lead,  or  any  other  metaJ  that  will  not  dissolve  in 
hydnx!hloric  acid,  that  metali^'ill  mix  with  the  predpitated  copper  and  vitiate  the  re- 
sult. It  is  nvcessury  also  to  avoid  using  a  piece  of  zinc  much  larger  than  is  necessary, 
as  in  that  case,  after  all  tlie  copper  is  precipitated,  an  electric  circuit  may  be  formed 
between  this  copper  and  tlie  remaining  zinc,  which  may  cause  a  small  portion  of  the 
diisolred  zinc  to  be  depositctl  on  the  copper  in  the  metallic  stnfce,  and  to  mix  itself 
•0  intlQUitely  thert^with,  as  to  rendt^r  its  subsequent  separation  by  hydrochloric  acid 
p  difficult.    (IT,  Rose,  Ckinm  Awi^ftiqm,  ii.  267.) 
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Iron  IB  not  8o  ^?ood  b  precipitimt  aa  zinc,  becaaae  it  always  contains  earl>on,  which 
remain**  undissolved  and  iiicreiises  the  wei^bt  of  the  precipitated  copper  (lioee). 
Mopyover>  tiule«8  a  certaiii  ejuseas  of  hy^lrochiotic  add  is  pneaejit,  ba*icj  a&iU  of  ii\)n 
lire  suro  to  ho  formed^  which  renmiuwith  the  copper  and  increase  its  weigbt;  and,  on 
the  other  hund,  if  much  freo  hydrochloric  ucid  la  present^  u  portion  of  tho  precipitated 
copper  is  likelj  to  bo  dissolved  in  tko  form  of  cuprous  chlorida  (Field,  Chemical 
News,  i-  62.) 

tf.  Other  modes  of  prcoipitatiim.^-ThQ  following  methods  have  been  recommended, 
but  thoir  resiilta  are,  on  the  whole,  not  to  he  depended  upon  bo  much  us  those  of  the 
methods  previously  given,  o.  By  sulpkm^anate  of  pot4issium,  in  b  neutral  or  slightly 
m'idulated  solution  of  coppt*r,  previously  treated  with  an  allcEline  sulphite,  to  reduce 
the  cupric  salt  to  a  cuprous  salt.  The  precipitate,  after  being  left  to  settle,  is  collected 
on  a  weighed  filtflr,  washed,  dried  at  lOO*^  C,  and  weigli«d,  the  copper  being  calcu- 
lated from  the  weight  of  the  cuprous  Fulphocyanatej  CcuCNS,  which  contains,  52*5  per 
oeui.  copp*>r  (Ri  vo  t).  According  to  Rose,  the  method  u?  not  quite  exacts  bc'cause  the 
Bulphocyanate  of  copper  is  slightly  soluble  in  water,  ^.  By  boiling  the  cupric  solution 
with  hyposulphiie  of  sodium.  The  co[>per  ia  then  completely  precipitateti  as  8ulphidt% 
provided  the  qu&ntitj  of  the  reagent  added  be  only  just  what  is  re<]uire<lj  but  an 
excess  retains  a  portion  of  the  copper  in  solution  as  cuprooo-pot^issic  hyposulphite. 
The  method  is  therefore  very  nncertftin.  7.  By  iodids  0/  potassium,  which  thrttws 
down  cuprous  iodide  ;  but  the  precipitation  is  never  complete.  8.  By  introdueing  a 
weighed  piece  of  met^lic  copper  into  a  solution  of  a  cuprie  salt  supersaturated  with 
ammonm,  and  diluted  with  do-aerut'cdwater.soajs  tocompletely fill  the  coutaiuingYesst-l, 
which  is  then  tightly  closed.  A  quantity  of  copper  is  thereby  dissolved  jast  sufficient 
t^  convert  the  euprie  oxide,  Cu'*0,  in  the  solution  into  cuprous  oxide^  Cu*0,  ^that 
is  to  s&jf  a  qiiaiit]^  equal  to  that  which  preTionslj  existed  in  the  solution.  Henci5^ 
if  the  copper  plate  be  weighed  after  the  reacdon  is  complete,  the  loss  of  weight  gives 
the  quantity  of  copper  in  the  original  solution.  This  method,  given  hy  Levol,  is  a 
modification  of  Fu  ch  s '  s  method  of  ent linating  sesquioxide  of  iron,  {See  Iiiox,  J^stima- 
TtOK  OF.)  According  to  H.  Rose  {Chimie  Analytique,  ii.  259),  the  quantity  of  copper 
winch  it  gives  is  always  too  large. 

When  copper  exists  in  solution,  in  the  form  of  a  cuprous  salt,  it  may  bo  oxidised 
by  nitric  acid,  and  then  precipitated  by  either  of  the  methods  above  given- 

*  If  a  solution  of  copper  contains  organic  mattcr»  hut  no  fixed  inorganic  suhstAnce,  it 
may  be  evaporated  to  dryness,  then  calcined  in  a  current  of  air,  to  bum  off  th«  or^Tanic 
matter  and  oxidise  the  copper,  which  may  then  he  moiattiued  with  a  drtip  of  nitric  iurid, 
ignited^  and  weighed ;  or  the  oi^nic  matter  may  bo  destroyed  by  eitlier  of  the  pro- 
cesaea  given  in  connection  with  arsenic  (L  366). 

FoZwmdw  Methods  of  estimating  Copper, 

ParktSfS  method,  by  cyanide  of  potassium  {Mining  Journal^  1861)l— Wliea  s 
solution  of  cyanide  of  potosi^ium  is  slowly  a<lded  to  a  blue  ammoniftcal  solution  of 
copper,  the  colour  gradually  becomes  fainter  and  ultimately  yanishes,  in  consequmco 
of  the  formation  of  capro-cyanide  of  ammonium.  The  reaction  is  complicated,  several 
double  cyanides  of  copper  and  ammonium  being  formed  at  flret,  but,  according  to 
Mohr,  the  ultiniiite  result  is  the  formation  of  the  compound  CuCy.NH*Cy,  contaiuiug 
2  ut.  cyanogen  to  1  at.  copper.  On  this  supposition,  each  atom  of  copper  (316  gf«.) 
in  the  solution  will  requh^  2  at.  cyanide  of  potassium  (2x65=  £30  gr«. )  to  precipitate  it. 

To  standardise  the  solution  of  cyan  id©  of  potassium,  a  kno^ii  weight  (5  to  10  grs.) 
of  pure  electro tj-^M*  copper  is  difis<:tlved  in  nitric  acid,  the  solution  boiled  to  expel  nitrous 
fumes,  then  diluted  with  water  to  alxiut  half  a  piut^  and  treated  with  ammonia  in 
excess  I  and  to  the  re&ulting  blue  hquid,  the  st^ution  of  cyanide  of  potassium  is  gra- 
dually added  frtjm  the  burette,  till  the  deep  blue  colour  is  ahno^  discharged  and  is 
replaced  by  a  faint  lihic  tint.  It  is  then  left  to  stand  for  about  twenty  minutes,  and  if 
the  colour  does  not  complet^lv  diHappcar,  a  little  more  of  the  cyanide  solution  muat  be 
added  from  the  burette,  ana  the  liquid  again  left  to  stand  till  the  colour  has  disap- 
peared. The  number  of  burette  divisions  of  the  cyanide  solution  added  will  give  the 
value  in  copper  of  a  grain-measure  (or  of  b  cubic  centimetre)  of  the  solution.  Thus^ 
suppose  that  200  divisions  of  the  burette  are  equal  to  1000  grain  measures,  and  that 
147-5  divisions  of  the  solution  are  roquii^d  to  decolorise  a  solution  conUining  7-5  grains 

of  copper;  then  200  sucli  divisions  would  decolorise  a  solution  of    "       ,J5  »  10' 17 

147'5 
grains  of  copper.    Ey  repeating  this  dclermi nation  two  or  three  times  with  diiferent 
quantities  of  coppr,  the  mean  value  of  200  burette  divisions  may  be  found.     It  is 
convenient  to  dilute  the  solution,   so   that  200  burette   divisions   shall   coor^spond 
exactly  to  10  grains  of  copper. 
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The  stmidard  eolution  of  cyanide  thus  obt&Inod  is  to  h&  applied  in  exiietly  tbe  same 
manner,  to  estimate  the  uinount  of  copp+?r  in  unj  given  w^lutioa.  Tbus^  suppoaa 
37  gra.  of  a  eoffpcr-ttlloy  to  be  dissolved  in  nitric  acid,  and  thul  iJie  soluhion  tje^iled 
witi  excess  of  ammonia  is  dc<:olorJ&ed,  os  above,  by  320  burette  divisions  of  tbe 
ttandard  cyanide  aolation »  tbeu  the  quantity  of  copper  in  the  37  grs.  of  alloy  ia 

;^--*  10  =  16  gre.,  and  the  pepceotage  of  copper  is— -100  =  43  2  per  cent. 

This  method  i«  Tejy  e3ctensively  used  for  the  assaying  of  copper  ores.  When  caro- 
fally  performed,  it  will  pive  the  amount  of  copper  correctly  withiu  0*1  or  02  pt^r  cent. 
It  hafl  also  th©  great  advantage  of  not  being  vitiated  by  tlie  presence  of  iron  in  tbo 
volution.  Wlien  this  metal  is  present^  the  cyanide-solution  should  be  added  to  the 
ammoniacal  liquid  without  jUtering  <jff  the  auspfjidid  ferrw  oxide;  for  this  oxide  holds 
an  ammoniacal  solution  of  copper  with  such  tenacity,  that  it  cannot  be  completely 
acparated,  even  by  severul  hours  washing  with  boiling  wuter.  The  method  may  also 
be  applied  to  the  estimation  of  copper  alloys  and  minerals  containing  tin,  antimony^  or 
arsenic,  but  not  to  such  as  contain  zinc,  nickel,  cobalt,  raanganescv  or  silver^  because 
\  tiiese  metals  likewise  form  double  cyanides.     (Fields  Chemical  NewB»  i.  25.) 

Pelourt'^n  mat  hod,  by  sulphide  of  sodium.  —  The  copper  being  dissolved  in  an 
•cid,  the  ftolntion  is  treated  with  excess  of  ammonia ;  and  to  the  deep  l>1ue  solution 
thus  formed  a  solution  of  sulpliide  of  sodium,  of  definite  strentrth,  is  added.  The 
copper  is  thereby  precipitated  in  the  form  of  an  oxysulphide,  Cu'0.6Cu'8,  liy  addinjCj 
the  alkaline  sulphide  cautiomiiy,  it  is  easy  to  catch  the  precise  moment  when  all  iho 
cof^>er  is  precipitated,  because  the  liquid  at  the  same  time  becomes  colourless.  The 
'  quantity  of  the  solution  of  the  alkaline  sulphide  usod  indicates  the  q^uantity  of  copper 
present 

The  exactness  of  this  method  is  not  diminished  by  the  presence  of  iron,  zinc,  cad- 
jnitim,  tin,  lead,  or  antimony,  because  the  sulphide  of  sodium  docs  not  begin  to  act  on 
these  metals  till  the  copper  is  completely  precipitated ;  it  is  essentiulp  however,  that 
the  iron  be  wholly  in  the  state  of  sesquioxide.  It  is  not  necessarj'  to  separate  the 
J  'r   which  some  ol  these  metak  yield  on  the  addition  of  ammomo,  unleso, 

he  ver^  copious,  in  which  case  it  might  diagnise  the  colour  of  the  liquid, 
i...  ..,.  jfocess  IS  vitiated  by  the  presence  of  cobalt,  nickel,  m<^rcury,  or  silver;  silver, 
howevei*,  and  mercury,  if  in  the  state  of  mercurous  oiidc,  may  he  easily  separated  by 
Ijydnichloric  acid.  According  to  some  chemists,  this  pi-ocess  is  liable  to  nnc«;rtainty 
from  two  causes:  1st.  Because  the  oiysulphide  of  copper  reduces  a  portion  of  the 
protoxide  to  hemioxide,  thereby  rendering  the  solution  colourless  before  the  preci|iita- 
tion  is  complete;  2ndly.  Because  a  portion  of  the  sulphide  of  sodium  is  oxidised  and 
converted  into  hyposulphite.  Accordinfc  to  Field,  however  (Chemical  News,  i.  62),  the 
process  is  very  accurate,  though  somewhat  tedious. 

F.  Mohr^ 9  method,^ The  copper-compound  haring  bpcn  Weighed  and  diaaolved  io 
add,  is  mixed,  in  a  porc4!!lain  basin,  with  neutral  tartrate  of  potassium  and  excess  of 
eaii«TiC  potash,  and  then  heated  with  a  quantity  of  mi  Ik-sugar  or  honey,  sufficient  to 
precipitate  all  the  copper  as  cuprous  oxide,  the  completion  of  the  precipitation  bcij)|» 
indicated  by  the  brown  colour  which  the  liquid  llien  acquires.  The  procipitat^^d 
cuprous  oride  is  tlien  Altered,  washed  with  not  water,  and  gently  heated,  together 
w^th  the  filter,  with  a  mixture  of  pure  scsquicblorido  of  iron  and  dilute  hydro* 
chloric  ttciiL  It  is  thereby  dissolved  in  the  form  of  protochloride  of  copper,  the  sesqni- 
ehloride  of  iron  being  at  the  same  time  reduced  to  protocMorido : 

Cu*0  +  2Fe'Cl*  +  2HCI  -  4C?nCl  +  4reCl  +  H«0. 
In  the  filtered  liquid,  diluted  to  a  convenient  strength,  und  heated  to  about  30^  €.^ 
the  quantity  of  iron  in  tho  state  of  protochloride  is  determined  by  a  graduated  solution 
of  permanganate  of  potasaiu^u  (see  Isox): 

K'Mn^O*  +  BFeCl  +  8HC1  =  2KC1  -f  2Mna  +  4FeKn«  4- 4H»0 ; 

and  thence  the  equivalent  quantity  of  copper  ia  readily  determined.  The  prcsenct  of 
lead,  ainc,  bimnuth,  manganese,  or  iron,  in  the  alkaline  solution  does  not  interfere  wi^ 
the  proceftg;  silver  or  mercury  must  be  separated  before  the  precipitation  of  the 
cuprous  oxide.     (See  i,  204.) 

TrrilCa  mtth/jd  (Compt.  rend.  xlvi.  230), — This  is  simiJnr  to  the  preceding,  excepting 
that  the  reduction  of  the  cupric  to  cuprous  oxide  is  effected  by  adding  a  solution  of 
»tLlphito  of  sodium  to  the  copper  solution,  previously  sup frsatumted  with  ammonifw 
Tb*  CKO««s  of  sulphurous  acid  is  tJicn  expoMed  by  boiling  with  hydrochloric  acid,  and 
the  eopper  estimated  by  means  of  sesiquichloride  of  iron  and  permanganate  of  potaa- 
■smn  as  abore.  This  method  is  easier  of  execution  than  the  preceding,  inasmuch  as 
grmjmniffnr  is  diiEcult  to  waah  from  the  cupivius  oxide. 

Ci  Mokf'a  mtthod. — The  copper  is  precipitated  from  its  neutral  solution  by  mot  alii  e 
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iron  (Ca*SO*  +  FiP  •■  IWSO*  +  Cu"),  iind  the  amotmt  of  iron  in  ihe  toktion  e«ti* 
mated  by  means  of  pcrmaxigatiate  of  poUastnin. 

Fteitttiann's  mrihoil. — The  copper  is  alifo  precipitated  by  iron,  but  the  pn>cipitate 
iii  washod  and  diBsoWed  in  Beequichloride  of  iron  (I'VH.*P  +  Cu  **  2FeCl  +  CuQ), 
and  the  iron  ia  detonnined  by  p^^aogatiate  of  potoaiium.  This  method  giTes  good 
results,  C.  Hoh/s  proccsa  ia  leaa  exact,  and  is  quite  injuJiniaitblfl  when  iron  is  alao 
present,  as  in  the  greater  number  of  copper  ores, 

Sirrng'a  mHhod,  —  Tho  cupric  oxide  in  the  solution  is  reduced  t4>  cuprous  oxido  by 
grnpO'Stigar;  the  precipitated  oxide  is  dissolTed  in  hydrochloric  acid;  a  solution  of 
stareh  and  iodide  of  potassium  are  added  ;  and  afterwards  a  standard  fioluMcio  of  aci  d 
chromateofpotaeaium,  tilla  blue  colour  is  produced,  indicating  that  the  chromate 
is  in  excess : 

3Cu*0  +  2Cr*0*  ^  6Cu'0  +  Cr*0«. 

The  amount  of  copper  ia  calculated  by  the  formula : 

lOO.c.g  12Cu     S7920><?.  q 
'  "    K»0.2Cr»O».  J~     244-4  A.     ' 

where  €  denotes  the  number  of  grains -Measure  of  the  chromic  solution  HMd ;  e  f]w 
quantity  of  acid  chromate  of  potassium  in  1  grain-measuro  of  the  solution ;  ^  the 
weight  of  the  cuprifenous  substance  dissolved ;  and  x  the  riKjuired  percentage  of  copper* 
Brown' g  method. — ^The  copper  solution  is  treate<l  Vfilh  iodide  of  potassium, 
whereby  (mproua  iodide  is  precipitated  and  iodine  set  free : 

2CuN0'  +  2ia  =  Cu'I  +  2KN0"  +  I: 

and  the  free  iodine  is  removed  by  me*ns  of  a  standard  solution  of  hyposulphite^ 
of  sodium,  whereby  iodido  and  tetrathiouate  of  socMum  are  produced : 
2Na»S*0*  +  P  ^  2NaI  +  Na"S*0«. 

The  copper-compound,  if  solid,  an  alloy  for  instance,  is  dissolved  in  nitric  add;  car- 
bonate of  sodium  is  added  till  a  slight  precipitate  is  formed,  and  the  precipitate  is  re- 
dissolved  in  acetic  acid  (free  nitric  acid  would  vitiate  the  resnlt  by  decomposing  the 
iodide  of  potjissium).  A  quantity  of  iodide  of  pota«eiuin  is  next  added,  eqtial  to.  at  least 
fiix  times  the  weight  of  the  copper  to  be  determined,  and  then  the  standjird  solution  of 
hyp^ulpbito  in  quantity  *iuffident  to  remove  the  greater  part  of  the  free  iodine^  which 
point  will  tie  indiciitiil  I  -  v  1 1  u'  i^olour  of  the  liquid  changing  from  brown  to  yellow.  Lastly 
a  dear  solution  of  ^*  -  '  Med,  and  the  addition  of  the  hyposulphite  is  cawtinusly 
Gontdnued  till  th e  1  j  1  .  i  h e  iodiil e of  stjirch  is  compI*"teIy  destroyed.— Tlie  sol utit >n 

of  hyposulphite  of  ^  -  raduated  by  dissolving  a  known  weight  of  pure  electrot\^>o 

copper  in  nitric  acid,  and  proceeding  as  above,  cacii  atom  of  hyposulphite  correspond- 
ing to  1  at.  tree  iodine  and  to  J  at,  copper,  as  shown  by  the  preceding  equations.  This 
method  of  estimating  the  free  iodine  is  aimilar  in  principle  to  that  of  B un  se  n  (I  265). 
If  the  copper-compound  contains  a  large  quantity  of  lead  or  ikju,  these  metids  must, 
ho  removed  before  commencing  the  determination,  becouee  tJie  ycUow  colour  of  tho 
iodide  of  lead  and  the  red  of  the  acetate  of  iron  would  interfere  with  the  result  (Chem, 
Soc*  Qu.  J.  X*  71).  The  presence  of  iron  might  introduce  another  source  of  error,  vus, 
that  the  Besqtiiorido  of  iron  would  be  partially  deoxidised  by  the  hyppsulphite  of 
sodium.  The  estimation  of  copper  by  this  method  in  many  alloys  ia  very  rapid  and 
tnietworthy* 

FititTs  mtihod. — This  process  also  depends  upon  the  reaction  of  iodine  on  cuprous 
salts.  Wlien  a  solution  of  iodine  in  iooide  of  potassium  is  added  to  the  solution  of  a 
cuprous  salt,  both  the  free  icHlineand  that  which  is  in  combinution  unit^  with  the  eopper, 
Hence^  if  the  solution  of  a  cnpric  salt  free  froiii  nitric  acid  be  reduced  to  the  cuprous 
state,  by  mixing  it  with  sulphite  of  sodium,  the  excess  of  sulphurous  acid  then  cipelk*d 
by  boibng  with  hydrochlonc  acid,  the  solution  mixed  with  starch  when  coId»  and  a 
Btandord  solution  of  iodine  in  iodide  of  potasfiium  added  from  a  burette,  cuprous 
iodide  will  be  precipitated ;  and  where  the  two  solutions  touch,  a  bright  blue  ring  will 
be  formipd,  which  disappears  at  first  on  agitation^  but  becomes  permanent  when  the  de- 
composition is  rompleto.  An  objection  to  this  process,  however,  appears  to  be  that 
the  cuprous  iodide  hjis  a  great  influence  on  the  colour  of  the  iodide  of  starchy  rendering 
it  paler  and  less  distinct.     {0iti}ik^  Newx^  L  74.) 

^  Seheff's  method, — -This  method  is  founded  on  the  fact  that  a  solution  of  sesquichlo- 
ride  of  iron  mixed  with  cuprous  chloride  is  not  coloured  red  by  eulphocyonato  of 
potassium.  Hence,  if  a  cupric  solution  be  boiled  with  grape-sugar  and  iJkali,  till  all 
the  copper  is  precipitated  as  cuprous  oxide,  and  this  oxide  be  dissolved  in  hvtlro- 
chloric  acid,  the  amount  of  copper  contained  m  it  may  be  determined  by  adding  a 
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sUndafil  solution  of  ferric  chloride,  till  a  drop  <^  the  llqiiid,  placed  on  ii  wliite  plate,  ia 
Teddoo«d  bj  sulphocyiuiato  of  potAfssium. 

The  ttkme  mothcMd  ib  applicable  to  tbo  determination  of  the  amount  of  cuprous  oxide 
in  a  ioltition  likewifie  containing  capric  ojdde.     (Ann.  Ch.  Phium.  cxii.  372.) 

4.  Separation  of  Capper /rom  other  MeiaU, 

From  the  metals  of  tfie  second  and  third  groups  (i.  217)»  and  from  all  non-metalliis 
elementfly  cxcf^it  seleninm  and  tellurfum,  copper  is  easily  sepanitod  by  mdphj/dric  acidj 
which  throws  it  down  aa  jmlpliidB,  From  tho  metals  of  the  firet  group  (araenie^  antimony, 
&aX  and  from  selenium  and  tellurium,  it  may  for  the  most  part  be  separated  by  the  inao- 
lubility  of  its  sulphide  in  the  sidphidis  of  the  Mali-nietaJ^.  This  m  ethod  can  not,  ho  werer, 
be  depended  upon  for  the  sepaFation  of  verysmaHqnantitiesof^Tr^rnfcand  antimony  from 
copper.  Bloxambas  ahown  that  it  is  altogether  £alla<:iona  when  the  quantity  of  arsenic 
present  does  not  exceed  I  fjer  cent,  of  the  copper*  Of  tin,  mncli  larger  quantities  may  bo 
overlooked,  if  the  Bc-paration  u  based  on  tne  solubility  of  its  sulphide  in  sulphide  of 
ammoniam.  Accordinff  to  Freseniui^  the  separation  of  tin  from  copper  is  more  easily 
ejected  by  digesting  the  ^phide  with  yeUow  sulphide  of  sodiuim  ;  out  to  render  the 
separation  complete,  the  digestion  must  bo  repeated  three  or  four  times, 

Aniimony  is  more  easily  separated  from  copper  than  arsenic  or  tin  hy  means  of 
sulphide  of  ammonium ;  but  the  method  does  not  appear  to  be  capable  of  detecting 
less  than  0  03  per  cent  of  antimony  in  copper. 

According  to  Abel  and  Field  (Chem*  Soc.  X  xiv.  290)  the  separation  of  arsenic 
from  copper  may  be  much  better  effected  by  passing  sulphydric  acid  gas,  to  complete 
sstoimtioQ,  through  the  solution  of  the  two  metals  mixed  with  excess  of  ammonia ;  tho 
eopper  is  then  precipitated  while  tho  arsenic  remains  in  solution,  lu  this  manner  ^ 
per  cent,  of  arsenic  may  he  detect-ed  in  copper. 

When  tho  amount  of  arsenic  is  not  less  than  02  per  cent  it  may  also  be  detected 
by  digesting  the  sulphides  Id  strong  sulphide  of  ammonium  for  many  hours. 

For  the  detection  Kiid  estimation  of  extremely  small  quantities  of  arsenic  And 
antimony*  such  as  are  often  met  with  in  refined  copper  supposed  to  be  pure  (see  Table, 
ii   37),  Abel  and  Field  give  the  following  process. 

About  200  grains  of  the  metal  are  dissolved  in  nitric  add,  a  small  quantity  of  «*Vr<f/<? 
of  Utid  is  added,  equal  to  about  XO  grains  of  the  salt^  and  subsequently  an  excess  of 
itmmonia  and  carbonate  of  ammonia,  A  precipitate  is  thereby  formed  which  may  con- 
sist of  oxide,  carbonate,  arsenate,  and  antimonatc  of  load,  and  oxide  of  bismuth,  the 
whole  of  the  copper  remaining  in  solution ,  The  precipitate  is  separated  b;^  flQtratioti, 
thoroughly  wushed,  and  digested  in  a  strong  solution  of  oxalic  acid,,  which  dissolves  tho 
Arsenic  and  antimony.  The  filtrate  is  mii*Kl  with  sulphide  of  ammonium ;  or,  better, 
it  is  rendered  alkaline  by  ammonia  and  sulphydric  acid  gas  passed  into  it  t^  saturation. 
Traces  of  sulphide  of  copper  then  generally  separate;  after  they  hare  been  removed, 
the  filtrate  is  diluted  to  8  o«.,  and  slightly  acidulated  with  hydrochloric  acid.  If  any 
larger  amount  of  arsemc  or  antimony  is  present,  on  immediate  precipitate  will  bo 
formed  ;  if  not,  the  vessel  shotdd  be  exposed  for  a  few  hours  to  a  temperature  of  140° 
to  200®  F,,  when  the  metals,  if  present,  wiU  appear  as  sulphides,  the  precipitate  being 
orange'-CQloured  or  yellow,  according  aa  antimooy  is  present  or  absent. 

The  precipitated  snil[>hide8  are  oxidised  with  strong  nitro-muriatic  acid,  the  clear 
Boluf  ion  is  mixed  with  sal-ammoniac  and  excess  of  ammonia,  and  the  arsenic  is  prncipi- 
tal«d'by  sulphate  of  magnesium  as  ammonio-magnesian  arsenate.  The  liquid  filtered 
frcim  this  precipitate  is  slightly  acidulated  with  hydrochloric  acid  ftnd  tho  antimony 
is  precipitated  by  sulphydric  acid  as  trisulphide,  to  bo  ultimately  determined  ss 
tetroxide  (1.  320).  If  the  presence  of  antimony  and  arsenic  baa  been  previouftly  as^ 
ccrtained,  the  precipitation  of  the.9e  metals  as  sulphides  from  their  solution  in  oxalic 
acid  may  be  cUspensed  with^  and  the  arsenic  at  once  precipitated  as  ammonio^ 
magnesian  arsenate. 

A  good  method  of  separating  copper  from  arsenic  in  the  analysis  of  miners  la  is  to 
«T»pOf]kt«  the  solution  nearly  to  dryness,  add  hypocMoriie  of  Bodturn  in  eonsiderahle 
Cxeeii,  Kbd  boil  for  about  20  minutes.  All  tho  arsenic  then  dissolves  as  arsenic  a<!id, 
while  the  copper  is  left  behind  as  black-oxide.     (Field,  Chem,  Soc.  J,  xiv.  159.) 

From  bismuth,  eopper  may  bo  completely  separated  by  cyoftidf  of  potasxiumt  which 
precipitates  the  bismuth  as  cyanide,  ana  retains  the  copper  in  solution  as  potassio-cupric 
cyanide.  If  the  solution  contains  a  large  excess  of  adH,  it  should  be  nearly  but  not 
quite  neutralised  with  potash  before  the  cyanide  is  added*  The  filtrate  is  boiled  with 
nydiochloric  acid  containing  a  little  nitric  acid,  to  convert  the  copper  into  chloride, 
and  the  eopper  is  then  precipitated  by  potash.  The  two  metals,  if  precipitated  aa 
sulphides,  may  also  be  separated  by  cyanide  of  potassium,  which  dissolves  the  sulphido 
of  copper  and  loaves  the  sulphide  of  bisnuitlu 
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II  the  two  metftb  wtf  diMohvd  in  nitiie  «<ad,  tnd  no  anlpbnnc  add  k  pMaeal,  the 
wpumtioii  nuj  be  oompkidj  ellbeted  bj  addiiig  bydroehloffie  add,  and  then  a  km 

rati^  of  wster;  vliieh  thiow  down  this  whole  of  th«  hiamatli  aa  oxydikirye.  If 
■ohidon  k  vefy  add,  it  ahonld  fint  be  eoncentzmtad  hj  erafionlioD.  If  iulfihitnje 
add  !■  pfeaeuth  the  ae|inrKtiofi  mnat  be  elfoeCed  by  ejanide  of  potaasiiim. 

Th«  old  method  <#ae|iafati]ig  copper  from  bumiiih  bj  mjeana  of  carbonate  of  am* 
iDoniar  doea  not  giTe  exact  f«aalla,  eome  of  the  copper  always  remaining  with  the 
predpitaled  cutonate  of  binniith,  unloa  the  Bolutioo  aod  predpitation  are  repeated 
aerend  timea. 

When  btsnmth  and  cop^  exist  together  in  an  allor,  thej  may  be  aeMisted  bj 
hf«»Hng  the  alloy  atttm^y  in  a  etream  of  chlonncL  Chloride  of  bjasinth  taea  piiirm 
over,  and  may  be  leedvod  in  water^  while  the  oofiper  remaina  aa  ^rotodiJoeide^  which 
may  be  diaaolTed  in  water  addnlated  with  mtno  add,  and  precipitated  by  potaah. 
(H.  EoaeO 

For  deteicting  the  amall  qnantitiea  of  bismtith  eSte^  IbQnd  in  commerdal  eopoer  and 
copper  orea,  the  following  method  ia  adtrantageooa.  The  copper  bdng  diBoIred  in 
nitne  add,  a  solution  of  nitrate  of  lead  (abont  S  parte  of  the  salt  to  100  of  coppor 
diaKilYed),  ia  added,  th«n  ammonia  and  carbonate  of  ammonia:  the  precipitate  ia 
waahed  with  ammoniacal  wata  and  diasoWed  in  acetic  add ;  iodide  of  potaaaimn  ia 
added  in  eoosiderable  exceai,  and  the  lionid  ia  warmed  till  the  precipitated  iodide  of 
lead  ia  rediaaolTcd.  On  coolii^,  the  iodide  of  lead  will  be  depodted  in  ay^talHna 
acalei,  which,  if  6iee  from  bismuth^  are  of  a  pure  eold^yellow  colour,  but  if  bismnth  ia 
present,  aaaitme  a  dark  orange  or  arimaon  tint.  This  t«et  is  extremdy  delicate,  even 
0*00026  of  a  grain  of  biamn^  in  100  gms.  of  copper  impardng  a  dark  orange  tint  to 
the  iodide  of  lead,  while  000 1  gr.  imparts  a  redmsh-brown  tinge,  and  0*01  gr.  a  bright 
erimaon.    (Abel  liod  Field,  toe.  cii!) 

Fran  lead,  copper  may  be  completely  separated  by  treating  the  aoktion  with  a 
mixture  of  dilute  gilphuric  odd  and  alcohol,  which  throws  down  all  the  lead  aa  snlphate. 
The  filtrate  ia  then  boiled  to  ddire  off  the  dcohol,  and  the  copper  predpitated  by  snl- 
phydric  add. 

The  separation  may  also  be  effected  by  cyanide  of  potaaslnn,  in  the  manner  abore 
deacribed  for  Msmuth. 

The  aeparatioD  of  these  two  metals  by  carbonate  of  ammonia  is  nerer  quite  complete, 
atill  leaa  oy  caustic  potash. 

For  determinizig  the  small  qoantitied  of  had  and  hitmuth  found  in  commercial 
copper,  Abel  and  Field  gire  the  fbUowing  method,  founded  on  that  aboTe  described  for 
the  estimation  of  arsenic  and  antimooy. 

The  nitric  add  solution  of  about  200  gms.  of  the  copper  is  mixed  with  a  sm^ 

Suantity  of  solution  of  phosphate  of  aodium ;  ammnnJa  is  then  added  in  exoeaa^  and 
tie  predptate  is  norified  Irom  copper  by  wasiting  with  animoniacal  water.    This  pre- 


dpitate  is  then  dissolred  in  hydrochloric  add;  the  solation,  rendered  alkaHne  by 
amtnmiia  is  treated  With  ezceafl  of  sulphrdric  acid ;  the  prf>cjpitated  solphidea  of  lead 
and  bismuth  are  thoroughly  washed,  ana  £saolTed  in  dilate  nitnc  add ;  and  the  solution, 


nearly  neutraHaed  with  ammonia,  ia  dieted  with  a  small  <|uantity  of  hydrated  oxide 
or  baJsic  nitrate  of  copper,  which  pred^itatea  the  oxide  of  bismuth,  while  lead  remains 
in  solution.  The  washed  precipitate  is  disaolred  in  nitric  add,  and  the  bismuth  is 
a^ianted  from  the  copper  Xij  ammonia ;  the  oxide  of  bismuth  thus  obtained  ia  purified 
b^  washing,  and  its  weight  deteimiued  in  the  usual  way.  The  solution  containing  the 
mtrat«s  of  lead  and  copper  ia  mixed  with  carbonate  of  sodium  and  excess  of  acetic 
add,  and  the  lead  ia  predpitated  as  chromate  by  add  chromate  of  potassium.  [It 
might  also  be  predpitated  by  sulphuric  add  and  alcohol]  If  the  copper  contains  iron, 
that  metal  will  be  predpitated  together  with  the  bismuth.  In  thia  caae^  the  predpi- 
tate  must  be  redisaolred  in  an  add,  and  the  biamuth  predpitated  aa  sulphide  by 
vulphydric  acid 

From  cadmium.— The  best  metho<i  of  separating  copper  and  cadmitim  ia  to  mix 
the  solution  with  ctfonide  of  potatxiutth,  till  the  precipit^ite  first  formed  redisaolvcd,  and 
pasa  sulpbydHc  acid  gas  through  the  liquid.  Sulphide  of  cadmium  ia  then  prt^dpit-atedj 
while  the  copper  remains  dissolred  aa  sulphide.  The  filtrate  is  then  boiled  with  hydro- 
chloric and  a  little  nitric  add,  till  all  the  hydrocyanic  acid  ia  expelled  and  the  copper 
is  precipitated  by  potash. 

Copper  may  also  be  separated  from  cadmittm  by  carbonate  of  ammonia^  in  which 
carbonate  of  cadmium  ia  insoluble;  also  by  lulphocyanate  of  potasdum,  whidi  predpi- 
tatea  the  copper  (ii  68),  bat  not  the  cadmium. 

From  silver,  copper  is  separated  by  precipitating  the  silver  ae  chloride. 

For  the  separatioii  of  copper  from  mercury,  gold,  platinum,  and  the  allied 
metals^  aee  those  metak. 
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6.   ValKation  of  Cdpper  Ores, 

I.  B^  the  dry  ivay. — Tlie  ordmaiy  method  of  assaying  copper  ores,  consists  of  a 
««riefl  of  processes,  jiimilar  in  principle  to  the  operations  of  smettbig  on  the  largo 
ecaje.  OxiiiiHcd  orea  mid  ftmiflce-procliictfl,  if  moderately  rich»  are  melted  witJi  black 
flax  (a  mixture  of  nitre  and  burnt  tartax)^  where bj  a  button  of  metallic  copper  is 
obtained,  which*  if  necessorf,  may  be  subseqiiciitly  retined.  PoortT  oiidised  orea  and 
Blags  are  firet  melt«d  with  iron  pyritc^  to  obtain  a  regnlus  containing  euproua  anl- 
I  phidi*t  which  is  then  treated  as  b^^low. 

[      Solphnretted  oiue  and  fiiniacc-products^  if  ricb,  aro  first  roasted  in  a  muffle,  to  con- 

J  tcrt  the  sulphidea  into  oxidea.     Poorer  ores,  like  those  of  Cornwall,  containing  from 

r '6  to  10  per  cent  of  copper,  are  first  fused  with  a  mixture  of  nitre  and  borax,  wTiereby 

I  B  portion  of  the  anlphnr  is  removed  ;  the  siliceoiia  and  earthy  matters  are  separated  in 

the  form  of  a  Titreons  slag,  and  a  button  of  regnlus  is  obtained,  containing  the  whole 

,  cf  the  copper  as  sulphide,  which  may  th<>n  be  roasted.   The  roasted  ore — or  regulas — 

is  next  melted  in  a  crucible,  with  black  flax  and  a  mixture  of  borax  and  gloss ;  the 

more  oxidable  melali  then  pass  into  tlie  slag,  and  the  copper  is  reduced  to  a  button 

of  coartt^  eopper,  which  may  b^  refined  cither  by  fusing  it  with  borax  in  a  current  of 

I  ftir.  CT  by  cxpeUing  it  with  lead. 

[  This  proGe/m  doea  not  yield  very  exact  results^  the  percentage  of  copper  which  it 
[sbowi  being  ahrays  less  than  that  obtained  by  the  wet  method  of  assaying.  For 
^detaUlk  iee  I/W**  Dictionary  o/Arts,  Mmiu/acturcs  and  Mims,  i.  839  ;  Percy* s  Metal- 
^  iurgy,  L  464. 

HaiiniTs  method, —TiuB  method,  which  is  exact,  but  somewhat  difficult  of  ezecn- 
i  lion,  serres  to  determine  the  quantitiefl  of  copper,  lead,  bismuth^  cobalt,  and 
1 91  > eke  1,  wiiitting  in  ores,  slags^  alloya^  &c;:  it  involves  the  following  seriefl  of  opera- 
l^ons. 

A  Booiting. — 100  cents*  of  the  ore,  containing  sulphides  or  pnlphatee,   is  roasted 
tcm  *  lOfurting  test  (j^g,  H2)«  £,rst  per  ^r,  then  with  carbonate  of  ammonia,  tUi  all  tho 
I  palphur  is  expelled*     Ores  containing  gypsum,  heavy  spar,  or  al- 
I  kaUne  sulphides^  and  in  which  the  metals  are  united  with  sulphur         Fig.  142. 
kor  arsenic^  aro  prepared  for  ro£i5ting  by  ftwing  100  cents  of  the  _^ff 

[ore  with  100  cents  of  vitrified  borax  or  glass,  and  10  cents  of 

eolopbonyf  nnder  a  layer  of  300  cents  comtnon  salt,  in  a  covered 
,  cmeible  heated  for  4  to  |  hour,  in  a  muffle  or  air-famace;  a  regn- 
'  ]ua  is  thereby  obtained  containing  the  metals.     If  the  metals  are 

in  the  form  of  oxides,  associated  with  gypsum  or  heavr  spar, 
L  from  10  to  30  cents  of  metallic  arsemo  must  be  added  to  the  precedmg  mixture.  The 
k  tnlphide  of  sodium,  which  is  produced  hj  the  action  of  the  sulphur  on  the  borax,  and 
sates  into  the  regulus,  is  washed  out  with  hot  water. 

b,  Omversion  ^ the  fHttala  into  Arsenides.  —  The  roasted  ore  or  regnlus  is  tritu* 
[  ntsd  with  100  cents  of  metallie  arsenic,  and  heated  for  8  or  10  minutes  in  a  covered 

laj  erucible  {Jig.  143),  placed  in  a  closed  red-hot  muffle,  as  long 
oomboartible  anenic  vapours  are  evolved.  Some  of  the  metals  are 
>  thereby  converted  into  arsenides,  viz.  Cu*As,  Pb*As,  Co* As,  Ni'As, 
and  Fe*S  ;  part  of  the  iron  is  converted  into  ferro«o- ferric  oxide;  imde- 
composed  snlpliate  of  lead  into  sulphide ;  antimonious  oxide  into  ar- 
senide of  aotimony ;  oxide  of  bismuth  into  arseniferous  metallic  bis- 
muth, while  the  oxide  of  zinc  remains  unaltereiL 

Snbstauces  not  originally  containing  sulphur,  such  as  black  copper, 

nickd-ailver,  alues  containing  cobalt  and  nickel,  &c.,  are  treated  in 

'  the  floelj  dividedi  state  (flle^  laminated,  or  pulverised),  in  quantities 

of  60  to  100  cents,  with  100  cents  of  metallic  arsenic  as  above.     The 

product  is  either  a  sintered  button  or  a  fused  mass. 

c.  Union  of  the  resulting  imtallic  arscnidfS  into  a  whole,  and  Mfpa' 

ration  0/  the  Lead  and  Bumuth  by  fiman  unth  appropriate fiu^t, — If  thecnaciblo 

used  in  the  preceding  operations  is  free  from  cracks,  and  gives  a  clear  ringing  sound 

I  vim  fltnick,  the  wmbb  oontained  in  it  is  covered  with  lU  to  20  cents  of  iron  wire  (ac- 

I  eoid^  to  tho  amomat  of  lead  preeentX  ti  mixture  of  200  cents  of  black  fiux,  and 

60  to  lOOeents  of  vitrified  borax  (the  quantity  being  greater  as  the  amount  of  earthy 

matter  in  the  assay  is  leas),  and  the  whole  is  covered  with  300  cents  of  purified  common 

I  mah«  and  a  Itirap  of  charcoal.     If  the  crucilile  hJis  been  injured  in  the  preceding  <)peni- 

tioni^  a  new  one  must  be  taken.     The  crucible,  with  its  cover  on,  is  heated  in  the 

•  Tl>«cg«#  tier*  spoken  of.  li  not  the  weight  io-caliwi  by  ilie  Cfimlih  Mtayer*,  (5=  4  irr»<,n»>.  but  tlM 
^h\ch  In  G^TiBBH  uMfing  la  eallwl  :i pound,  \(M)*>t  which  ranln*  11  Pro&ir-centntf,  eiiimt  to  J-^Siramnwa 
(vr  6TM fralai)  tt  Freiberg,  u>d  JtM  graniinet  In ibc  Otjcrhari. 
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mafflt^- furnace  for  25^ — 30  minutes,  or  in  the  air-f^maco  rathpr  longer,  to  n  temperaturo 
KraJuiilly  ruisecl  to  the  melting  point  of  eopp«ir.  A  successful  op<?ratioii  yields  a  well* 
nised  alag  of  dark  green  to  black  colour,  covered  with  a  grey  crust  of  common  salt,  and 
8t  the  bottom  a  regulus,^  on  which ^  if  the  subgtiince  under  examinatioD  coutaina  lead^ 
that  met^ii  is  found  to  have  opparat^  either  on  the  bottom  or  at  the  aide.  In  tho 
former  case,  the  lead  is  removed  with  the  knife ;  in  the  latter^  the  regulna,  with  Uj6  lead 
eide  uppermost,  ia  broken  up  in  a  mortjir,  the  mall<L?ablo  lead  then  e^parating  from  the 
brittle  arsenic  compound,  which  is  mixetl  with  a  few  cent*  of  colophony,  and  i^s8«rvt?d 
for  fhrther  treatment.  The  lead  contains  nearly  all  the  silyer  in  the  ort?^  together  with 
the  bismuth  and  a  little  antimony^  but  no  copper.  If  lead  is  iboent,  the  bismath  sepa* 
rates  in  like  manner  on  the  anrfaee  of  the  regulna ;  butt  being  brittle,  ia  not  so  easily 
separated  firom  the  arsenides.  In  thi9  C4iae,  it  is  necessary  to  add  from  10  to  20  cents  of 
granukted  lead,  as  well  as  15—25  cents  of  iron ;  the  excess  then  gire«  approxi- 
mately the  quantity  of  bismuth.  It  must,  however,  bo  remembered  that  about  4  per 
cenL  of  lead  is  lost  in  the  process. 

d.  Separation  of  ihf  Artenide  of  Iron  and  of  the  Zmcfrom  iht  Anmidcg  of  ColaU, 
Nickd^  and  Cc^p]^  5y  ojtidisina  fusion  on  a  Scori/ier. — The  arsenides  arc  placed, 
together  witn  &0  to  75  cents  of  borax,  on  a  sconfier  {f^,  144), 
Fi^.  144.  aurroaiided  with  glowing  coals  at  nearly  a  white  heat,  and  fused 

at  a  strong  heat  with  the  muffle  closed  After  a  minute  or  two 
the  muffle  is  partially  opH?n<^d,,  and  as  soon  as  the  assay  has 
acquired  a  bright  vaporising  surface,  it  is  brought  a  little  nearer 
to  the  orificG  of  tbe  moffle,  and  the  temperature  is  so  regulated 
that  Bmsll  films  of  oxide  may  form  upon  the  surface^  and  pass  into  the  boroDc  If  the 
temperature  is  faised  too  high,  the  assay  becomes  bright,  and  if  it  be  kept  too  low, 
the  entire  surface  becomes  oxidised.  The  process  ia  complete  when  the  sur&ce  be> 
comes  tranquil,  and  f^uaea  of  arsenic  begin  to  escape.  At  that  stage,  the  whole  of 
the  iron  and  dnc  aw  separated,  the  latter  by  scorification  and  volatilisation.  If 
the  assay  beoomes  covcfeo  with  a  cmst  before  the  temperature  falls,  thero  is  a  de* 
fieieney  of  boraac,  and  the  fjfooess  must  be  repeated  on  a  new  scorifier  with  fresh  borax. 
The  button  thus  obtaiuod  is  left  to  cool  partially,  then  completely  quenched  in  water, 
and  carefully  cleaned  from  slag  by  tapping  it  with  a  hammer.  If  the  assay  has  been 
removed  firom  the  muffle  at  the  proper  time,  the  skg  will  be  quite  free  from  cobalt^ 
nickel,  and  copper. 

t*  Removal  of  the  ejcceu  cf  Arsenic  by  t^Mlisation, — The  metallic  button  still  eon* 
tains  excess  of  arsenic,  which  ia  cxpelk^d  by  mixing  it,  according  to  its  si^e,  with  i  to  1 
cent  of  bontx-glass ;  iayinpr  it,  wrappt*d  up  in  thin  paper,  on  a  lump  of  charcoal  having  a 
cavity  about  half  an  inch  deep,  or  on  a  aconfiermade  of  powdered  coke  and  pitch  ;  melt- 
ing it  in  a  closed  muffle;  and,  when  the  metal  exhibits  a  shining  surface^  and  begins  to 
give  off  afsenic  vapours,  exposing  it,  with  the  muffle  open,  to  a  moderate  heat  tUlitno 
longer  gives  off  vapours  of  arsenioua  acid  with  rapidity,  and  such  vapotirs  are  no 
longer  perceptible  on  taking  the  scorifier  out  of  the  muMe.  The  but  ton,  which  tlien  so- 
lidifies ^i-ith  a  dull  black  sw^Mse,  is  weighed;  it  contains  the  dejinite  compounds, 
Co*As,  NiMs,  and  Cu'Aa. 

The  borax-glass  dissolvefl  the  basic  arsenit^  of  cobalt,  which  is  apt  to  form  on  the 
sur&oe  of  the  melted  assay  if  the  temperature  is  not  kept  high  enough,  and  might 
binder  the  Tolattlisation  m  the  excess  of  arsenic  This  salt  is  again  mlitced  to  the 
metallic  state  6jt  soon  as  it  comes  in  contact  with  the  carbonaceous  support 

/,  Separation  of  the  Anenidts  of  Cobalt  from  the  Arsenides  of  Nickel  and  Copper , 
and  determination  of  the  amount  of  Cobalts — The  weighed  button  of  regulus  wrapped 
op  in  paper,  is  laid  upon  a  scorifier  contiiining  from  10  to  30  cents  of  borax,  snr- 
rounded  with  hot  coals  and  heated  ncarlv  to  whiteness  ;  the  muffle  is  closed  ;  and  the 
assay  quickly  brought  to  coruscation.  The  scorifier  is  then  brought  nearer  to  the  op^en- 
ing  of  the  muffle  ;  a  few  pieces  of  charcoal  are  laid  in  front  of  it;  and  the  arsenide  of 
cobalt,  which  is  the  most  oxidable  of  the  three  arsenides  present,  is  U-fl  to  be  scorified 
by  the  borax,^at  a  temperature  at  which  the  fused  assay  exhibits  a  clmn  but  not  b[w- 
cular  surfece,— till  the  surface  becomes  covered  with  a  green  film  of  arsonite  of  nickLd. 
If  the  substance  under  examination  does  not  contain  cobalt,  this  appearance  is  oh* 
served  in  the  preceding  operation,  t.  The  loss  of  weight  which  the  regulua  has  sus- 
tained, consiata  of  Co^As,  containing  61  per  cent,  of  cobalt. 

g.  Separation  of  the  Arsenide  of  yickei  from  the  Arsenide  of  Copper, To  scorify 

the  arsenide  of  nickel,  the  button  of  regulus  still  containing  Ni^As  and  Cu'As,  is 
treated  with  borax  in  the  manner  above  dwjcribed,  till  the  melted  metal  becomes 
bright,  no  more  green  films  forming  on  its  surface^  and  it  begins  to  give  off  arsenic  va- 
pottrs  from  the  decomposition  of  the  animide  of  copper.  The  chief  point  to  be  iit- 
tended  to  in  this  opcrution  ia  the  duo  regulation  of  the  temperature,  which  must  he 
lower  in  proportion  tM  the  assay  contains  a  larger  profjortion  of  the  eoaily  ^^ible  ar- 
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jLtdt*  of  eoppw-  The  low  of  weight  consists  of  Ni^As,  and  a  portion  of  urs^mie  ToTa- 
^Hiftcd  from  the  aroenide  of  ooppur ;  the  nickpl  caunot^^  thereft>re,  be  cakuliited  directly 
froui  this  loss,  bat  most  be  estiniHt^^d  after  the  amount  of  copper  has  bepn  determined. 
The  aepamtion  of  the  arsenide  of  nickel  from  the  uftMJiiide  of  cropper  may  be  effected 
with  rofflci«nt  accuracy,  even  if  the  profxtrtion  of  eopp«r  is  belowr  1  per  cent. 

A.  VolaiUusaiion  of  the  Arsenic  cofubined  with  the  dapper,  mid  d^Urmination  of  the 
proportions  0/  Nickel  and  Copper, — The  button  of  regnlua,  wrapped  up  in  paper, 
IS  laid  upon  a  glowing  charcoal  scorificr ;  the  inufllo  m  c?lo&ed  for  a  while ;  and  as  soon  as 
the  butJ^on  is  fused,  the  scorifii^  is  brought  near  to  the  mouth  of  the  muffie,  which  is 
heaped  up  with  red-hot  ooala  to  the  height  of  about  1 J  inch  ;  and  the  asnaj  is  kept  at 
a  temperature  about  equal  to  Umt  roquirvd  for  the  cupellation  of  silver,  till  films  of 
basi£  cuprous  arsenit*  begin  to  show  themselves  here  and  therw  on  the  clean  surface 
of  the  metaL  It  is  then  exposed  to  a  higher  temperature,  till  it  ejthibita  the  bluish 
green  colour  of  pure  copper,  and  the  films  which  form  upon  it,  make  thtnr  (iftpPArance 
no  longer  on  the  sides,  but  at  the  top.  The  asaay  is  then  taken  out  of  the  fire  and 
cooled*  The  button  of  coppep,  whatever  its  colour  and  texture^  must  be  malJeable,  and 
h«To  a  small  quantity  of  cuprous  oxide  on  its  uurface. 

The  weight  o(  the  copper  button  giyes  directly  the  proportion  of  copper  in  the 
a!u«ay.  To  determine  the  nickel,  the  copper  in  calculated  as  Cu*As;  tJie  reeiulting 
Weight  is  deducted  from  the  known  weight  of  the  arsenides  of  nickel  and  copper  tx>ge- 
ther,  and  the  dififerenee  givea  the  weight  of  the  Ni^As,  which  contains  61  per  cent  of 
nickcL 

The  process  of  assaying  just  described  may  be  greatly  shortened  if  one  or  more  of 
the  tnetali  above  considered  are  absent.  If«  for  exunple,  the  cDpnferous  substance  is 
fr^  *--—  -i>kel  and  cobalt,  as  is  the  case  with  moat  copper  ores  and  many  pTt>ducts  ob- 
i  per  smeltingt  the  operations/ and y  become  unnecessaiTT  and  the  process 

it  :.  '•  the  Beparation  of  arsenide  of  iron,  including  more  or  less  antimony  and 

EKDc  («)  ^m  the  aisenide  of  copper,  and  the  separation  of  the  arsenic  from  the  copper 
bj  Tolatilisiition.  (Plattner,  Beitrag  sur  Erufeiterung  dtr  Probirhinstt  Freiberg, 
1849;  KerfM  BuUmkundf,  u.  140.) 

n.  Assa^ff  of  Copper  Oret  in  the  wet  way. — The  ore  being  dissolved  in  nitric  acid, 
the  determination  of  the  copper  may  be  made  by  either  of  the  metliods  given  on  paces 
67 — €0,  Of  the  methods  by  toeickt  amUt^fis,  however,  the  one  that  is  generauy, 
indeed  almost  exclusively,  employed,  is  the  precipitation  of  the  copper  by  iron,  as  it 
has  the  advantage  of  not  reqainng  any  mcial  treatment  for  separating  the  copper 
from  the  iron  in  the  ore.  More  exact  results  would  be  obtained  by  the  use  of  pure 
xinc  as  the  precipitant  (p>  57)% 

Of  the  ttoiumetric  methods^  that  of  Parkes  is  the  one  most  generally  used  for  the 
valuation  of  cooper  orea,  as  it  likewise  is  not  interfered  with  by  the  presence  of  iron, 
which  nearly  all  theea  ores  contain.  Brown^s  process  is  exuct  and  expeditious,  but  it 
requirea  the  removal  of  iron  and  lead.  It  is,  however,  tiniitfectod  by  the  presence  of 
arsenic,  antimony,  tin,  or  «inc,  and  is  therefore  very  useful  for  the  aumlysis  of  tilloys. 

An  expeditious  method  of  obtaining  an  approximut©  eatimiite  of  the  quantity  of 
copper  in  an  ore  or  slag,  is  to  dissolve  a  given  qunntity  of  it  in  nitric  acid,  mix  the 
solution  with  excess  of  ammonia,  and  compare  the  colour  with  those  of  a  series  of 
standard  solutionSi  prepared  in  a  eimilar  manner.     (Jacquelin.) 

6.  Atomic   Weiffht  of  Copper. 

The  atomic  weight  of  copper  haa  been  determined  b^  reducing  a  weighed  quantity 
of  the  protoxide  with  hydrogen,  and  weighing  the  residual  metjd.  In  this  manner, 
Berseiius,  in  1820  (Pogg.  Ann.  riii.  182),  obtained,  as  a  mean  of  two  experiments^ 
the  number  31'fifi.  Erdmann  and  March  and  (J.  pr«  Chem.  xxi.  3Sd)  found,  as  a 
of  five  closely  agreeing  experiments,  made  with  cupric  oxide  obtained  from  the 
mitrale,  the  number  31'73,  which  may  be  received  as  very  nciir  the  truth.  Dumus 
Qi.  Phy»»  [3}  Iv.  129)  by  the  same  method,  and  from  the  weight  of  cuprous 

[phide  pfodnoed  from  a  given  quantity  of  copper,  obtained  numbers  var)  iug  between 

'5  and  321,  whence  bo  regards  31  75  as  the  true  atomic  weight. 

OOPPSS,  SniKmAJill*     Syn.  with  BiopT^SB. 

C0F»S3ft,  TlMtromiOmm  or.  Protofiuoride  of  Copper,  or  Cupric  Fino^ 
riffr,  im  formetl  by  ilinsolving  cupric  oxide  or  its  carbonate  in  excess  of  nqiieous  hy- 
<in>fl«i'^''  '  •"  -  1  '  rTietallic  copper  is  not  sensibly  dissolved  by  the  acid),  and  evaporating 
Ihr  rv  solution.  As  the  excess  of  acid  goes  o£^  small,  light  blue  crystals  sepa^ 

lato  tp  >nd.     If  the  quantity  of  cupric  carbonate  ia  suMctent  to  neutralise  the 

CTe«t4T  yuH  of  the  acid,  the  coinponnd  sep^irates  out  during  the  digestion  j  with  a  still 
larBI^T  quj-ntity  of  earVwmate,  the  oxyfluoride  Cu*iX*  +  H'0  is  formed  (Berzelius). 
The  cryvtala,  which  an*  but  sparingly  soluble  in  cold  water,  are  decomposed  by  hot 
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water,  yielding  an  acid  solntion  and  the  insolnblo  oxyflnoridp.  The  crystala  lieate<l 
■with  sulphuric  acid  yield  116  per  cent,  of  ctipric  sulphate,  and  when  ignited  with 
ex(^H9  of  lead-oxide  give  off  263  per  cent,  of  water  (B©rBeliu«).  Protofinorido  of 
eopper  Mmbines  with  the  fluorides  of  the  alkali-metals,  fbroiing  black  compounds. 

The Hemijluoridi;,  or  Cuprous  F/ttori^r,  Cu'F,  isobtaLned  by  treating  cuprous 
oxide  with  aqn&ouji  hydrofluoric  acid,  washing  the  product  with  alcohol,  then  presiding 
And  drying.  It  is  a  red  powder,  which  melta  when  heated,  appejiring  black  while  in 
the  liquid  state^  but  peooTering  its  red  colour  on  cooUng.  In  the  dry  »tat«  it  is  per- 
manent in  the  air  ;  but  when  mois^t  it  is  converted,  first  into  a  yellow  mixture  of  cnpric 
fluoride  and  hydratcd  cuprous  oxide : 

4Cu-P  4-  0  -  4Cur  +  Cu*0 ; 

and  afterwards  into  greon  cnpnc  oxjfuoride : 

4CnF  +  2Cu*0  -I-  0*  =  4(CtiF.Cu*0). 

It  is  insoluble  both  in  wat^r  and  in  excesa  of  hydpofluoric  acid^  but  soluble  in  strong 
hydrochloric  acid*     In  the  latter  it  forms  a  bla^^k  sohiHon,  from  which  it  it  precipi- 
taled  by  water  in  the  form  of  a  powder,  which  ia  white  at  first  but  afterwanJs  becomes 
Tose-coloared.     (Bcrzolins,  Pogg*  Ann.  i.  2L) 
Borofittoride  of  Copper^  CuBF*  (iee  i  634)t 

COP  PES,    ORST^.      (iS^  TETIlAH£IlRTni). 

COPP£Jtf  HTDRXSB  OF.  CwTI.  Wben  a  aolutiou  of  cupric  sulphate  is  heated 
with  hypopho'iphoroufl  arid  t<5  about  70'^  C,  hydride  of  copper  ii  dcpoHite<l  aa  a  yellow 
precipitate,  whicli  aoon  ttirna  red-brown.  It  giree  off  bydrogen  when  heated;  takes 
flro  in  chlorine  gaa ;  and  when  treated  with  hydrochloric  acid,  is  converted  into  cuproua 
chloride,  with  ©volution  of  a  double  quantity  of  hydrogen,  the  acid  giving  up  iti)  hy- 
drogen as  well  as  the  copper-compound '. 

Cum  +  HCl  =  Cu«Cl  +  HH. 

Thii  action  is  remarkiiblef  inivsmucli  as  metuUic  copper  is  hut  very  slowly  acted  upon  by 
hydrochloric  acid.  It  afTords,  indeed,  a  striking  instance  of  the  poiarity  of  atoms 
alluded  to  in  the  iirticlea  Chkmicai.  Affinttt  (i  857),  and  Contact  Action  (ii.  12). 

COPP&S,  IwntOO.    See  Cofpxb,  Svlfhidbs  of  (p.  74). 

COPPER,  30DZSES  OF.  Cuprio  lodtde^  CuF,  ia  not  known  in  the  fre<e 
state.  An  amtnonitf-cvpru-  iodidf^  '2(CuI.2NH*)HrH^D,  ia  produced  when  cuprous 
ioflide,  moiistencd  with  ammonia,  is  cxpoaed  for  some  time  to  the  air,  a  blue  solution 
being  then  formed^  which,  when  mixed  with  alcohol,  yields  small,  diirk-hlue  tetra* 
hedrons  of  the  ammonio-iodide  (Rammelaberg,  Fogg.  Ann»  xlviiL  162).  Ac- 
eording  to  H.  Hah n,  it  forms  crystals  belonging  to  the  tri metric  system^  with  the  faces 
OS  Poo  ,»P.E'ao.|P».JI*c».P.  Kiitio  of  axes  =  0  3362 :  1 :  1*462  (Jahres- 
ber,  d.  Chem.  1859,  p.  217).  According  to  Bertheraot,  the  same  compound  is 
obt&inod  by  mixing  a  concentrated  ammoniacal  solution  of  ammonio-cupric  chloride, 
or  sulphate,  with  iodide  of  potassium.  It  is  soluble,  without  decomposition,  in  am* 
monla  and  in  a  email  quantltj  of  water^  hat  a  largo  quantity  of  water^  especially  if 
hot,  decomposer  it,  with  separation  of  a  green  oxy iodide.  Alcohol  and  ether  do  not 
act  upon  it  in  the  cold,  but  decompose  it  when  heat^ed.  Thia  compound  exposed  to 
the  air  gives  off  ammonia,  and  leaves  green  oxyiodide.  When  heated,  it  first  gives  off 
iodide  of  ammonium^  then  detonates  and  leaTOS  a  brown-rod  residue  containing  cuprous 
iodide. 

Cuprous  Iodide,  Cu*I,  is  produced:  1.  By  heating  finely  divided  copper  with 
iodine.  2.  By  precipitflrtiiig  a  solution  of  cuprous  chloride  in  hydrochloric  acid  with 
iodide  of  jrotuAitiumt  or  by  adding  iodide  of  potassium  to  the  sohitiou  of  a  cuprio 
salt  mixed  with  sulphite  or  hypoBulphit<?  of  sodium.  3.  By  precipitating  a  dissolved 
cupric  salt  with  iodide  of  potasaium,  half  of  the  iodine  being  set  free : 

Cu'SO*  +  2KI  ^  K^SO*  +  Cu*I  +  I 

The  j>recipitate  mast  bo  washed  with  alcohoi  to  free  it  from  adhering  iodine.  4*  By 
precipitating  the  aqucoua  aolutiou  of  1  at.  cupric  suJphat©  and  at  least  1  at.  ferrous 
sulphate,  with  iodide  of  pot-assium  (Soubeirsn,  J.  Pharm.  xii.  427); 

2Cti'S0*  +  2Fe%S0*  -f-  2KI  ^  K'SO*  +  (Fe*)^'(SO^)"  -j-  2Cn«L 

Cuprous  iodide,  obtained  by  precipitation,  is  a  brownish- white  p*jwder.  When 
heated,  it  gives  off  4  |jer  cent,  of  water, —agreeing  with  the  formula  2Cu'l.II-0,^and 
fit  a  red  heat  fuses  mto  a  brown  mms^  which  yields  a  green  powder.     It  is  but 
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imperfectly  deeompoaed  l^y  igmfcion  in  a  ntpe&m  of  hydro^  ffos  (H.  Bos^,  Pogg. 
Ann.  IV.  110)*  When  ignited  -mth  peroiid/f  of  mangatiese^  it  is  resclved  into  iodine 
TBpour  and  cupric  o3dde  (Soulu  iran).  With  nitric  acid^  it  jielda  vapour  of  iodine^ 
nitric  oxid«  gas,  and  cupric  nitrate ;  and  with  strong  Bidphttric  ucidf  it  jields  iodine 
Tapcyur,  tidpliurotis  add  gas,  and  cupric  Bulphate : 

Cii«r  +  2H^0«  -  Cii»SO*  +1  +  S0»  +  2H«0. 

Cnproua  iodide  boiled  with  water^  and  rinCj  iin^  or  iVo«,  yields  mi^tallic  copper  and  u 
di«soIvcd  iodide  of  the  othftr  metal  (Bert  he  mot,  J.  Pharm.  xiv,  614),  Aomj^hs 
/x«</  aikidi*  form  metallic  iodidea  and  separate  cuprous  oxide  ;  a  similar  rvaetion  is 
produeed  yj  carbonaU  of  potastium  or  todium^  carbonic  acid  being  liki*wtso  erolred* 
Gnpfoot  iodidd  Is  not  decomposed  hj  baiyta,  strontiiij  lime,  or  alumina.  (Ber<^ 
themot). 

Ammimio-euprtm*  iodide.  Cm^2NlI*.  When  dry  ammonia-gas  is  passed  over 
enpffOiiiB  iodide^  the  oompoiind  absorbs  ammonin,  becoming  hot,  and  acquiring  a 
brown  colour;  but  on  appljing  a  gentle  heat,  the  whole  of  the  ammonia  is  onvon  off 
(Eammelsberg).  When  plates  of  copper  are  enclosed  m  a  bottle  together  with  a 
cupric  salt  strongly  supersaturated  with  ammonia,  the  liqoid  being  frequently  shukon 
till  it  loses  its  colour^  and  then  poured  into  a  bottle  coatuinin^  aqueous  iodide  of  po- 
taseiumi  which  must  be  afterwards  dosed,  ammonio-cuprous  iodide  separates,  partly 
in  cokmrless  shlniD^  prisms,  putly  as  a  white  crjHtaUiae  powder.  It  cannot  be  dried 
without  decomposition,  as  it  gires  ofTaiamonia  when  exposed  to  the  air.  The  colonr- 
l(«s  liquid  from  which  the  compound  has  separated,  turns  blue  in  the  air  &om  forma* 
tioD  of  ammonio-ciipric  iodide.     (Levol,  J.  Pharm.  [3]  iv.  328.) 

COF^XX,  irXT&i3IS  OY.  Cu*N.  This  compound  ia  formed,  together  with 
wat*T,  when  dry  ammonia-ga«  is  passed  over  very  loosely  coherent  cupric  oxide  heated 
to  250*^  C.  The  product,  which  generally  coataina  more  or  less  undecomposiKl  oxide^ 
and  sometimes  a  Utile  mtrate^  'm  a  dark  green,  ftometiiiies  nearly  black  powder,  which 
at  300°  C.  is  resolved  into  its  constituents,  with  alight  explosion.  The  temperature 
mt  whidli  tiiis  deoompodtiou  takes  place  yaries,  however,  with  the  nature  of  the  sur^ 
rcntikdiikg  gas ;  in  oxygen  gas  it  takes  place  at  comparatively  low  temperatures ;  in  air  it 
rcqmres  a  higher  tempertituro,  and  in  ammonia  gas  still  higher.  Sulphuric  acid  decom- 
poses it  with  violence,  giving  oW  nitrogen  und  leaTing  metallic  copper ;  other  acids  act 
in  A  similar  manner,  those  whichf  like  niiric  acid,  oxidije  the  copper,  acting  BtiU  more 
rioleotly.  In  dry  k^drocMoric  add  gaa  it  yields  sal-smmoniac  and  cupric  chloride. 
Ckhrifu  produces  cupric  chlorido,  with  evolution  of  nitrogen.  Aqufous  ammonia  does 
not  appear  to  eliminate  f;as  from  the  compound,  but  hecomes  blue  by  contact  with  it. 
(Sch rotter,  Ann.  Ch.  Pharm.  xxxvii.  13L) 

When  dry  ammoniacal  gas  is  passed  over  red-hot  copper,  the  copper  becomes  crystal- 
line and  brittle,  but  does  not  appear  to  take  np  any  gas  (Qm.  v.  444)u  From  Dick's 
experiments^  it  appears  that  copper  is  not  rendered  brittle  by  heating  in  ammonia-gas, 
unless  it  contain  Hi  cuprous  oxide,  in  which  case  tbe  brittleness  appears  to  bo  due  to 
the  poiroaihr  resulting  frjni  the  reduction  of  the  oxide  by  the  hydrogen  of  the  ammonia, 
( A«y»  Mitallurf/i/,  i.  278,) 

When  a  ball  of  copper  connected  with  the  positive  pole  of  a  six-pair  Grove's  battery 
is  made  to  dip  into  one  end  of  a  long  glass  trough  containing  solution  of  saKammoniac, 
andm  platinum  plate  connected  with  the  negatiTe  pole  into  the  other  end^  the  sal- 
ammoniac  being  kept  in  excess,  the  liquid  becomes  blue,  and  a  nitride  of  copper  collects 
at  the  negative  pole,  in  the  form  of  a  chocolate-coloured  aggregation,  which,  after  washing 
and  dijmgt  has  a  density  of  £9.  Ten  grains  of  this  suhstonce  give  oif  0*214  cnbic 
i&diet  of  nitrogen  gas  when  heated,  ieaving  metallic  copper.  (Qrove,  Phil  Mag.  [3] 
xix.100.) 

COFFSB,    aitas    or.      (See  page  19.)      The  following  synonymes  requiro 
i  notice : 


Black  Copper  ore 
Blue  Copper  ore 
Einerala  Copper  ore    . 
Grey  Copper  ore 
Of^wn  Cr>pper  ore       , 
Indiffo  Copper  ore 
CM^edral  Copper  ore 
Variegftted  Copper  ore 
Velvet  Copper  ore 

Y«Jlow  Copper  ore 


Native  black  oxide. 

Azurite  or  blae  carbonate  (I  783). 

Dioptaa*',  Cu^HiO*  +  5aq.     (See  Silicatm.) 

Tetmhedrito  (q.  v,) 

Malachite  or  green  carbonate  (i.  783), 

Native  prot^»s^dphide  {ii.  74). 

Niitive  red  oxide  (ii.  7t>). 

Purple  copper  (iL  80)^ 

Native  sulphate  of  copper  and  aluminium.     (See 

IiSTTsoMira  and  Sulpbatka  ) 
Copper  pyrites  (ii.  79). 
f2 
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COPFSR,  0XI31S8  or,  a.  Protoatidecet  Cupric  oxide^  Cti^or  OuO.  Black 
oxide  of  copper;  Dentoxi^dt  dt  ciih*re  ;  Kvp/eroxj/d, — This  oxide  is  found  initiv<^  as 
Mdaeomte  OT  Blavk  Ctypper  {K%ipfer»chw'drze).  Itoccura  abnndaatly  at  Kewi^naw  Point, 
Luke  Snperior,  ixi  calies  (perbapa  paeudomoipha  of  red  copper  ore),  with  truiicat-ed 
angles;  more  cenerally  massive.  Specific  gravity^  625  (Whitnej^  6952  (Ram- 
melsberg).  Hardaesa  =  3.  Colour,  dark  sti^el  ffrey  in  the  crystals,  black  or  greykh- 
blaok  Trhen  maseive. 

Cupric  oxide  is  prepared :  1.  By  contuued  iguition  of  copper  in  contact  with  the 
air,  2.  By  exposing  cupric  sulplmte  to  an  intense  red  heat^  or  the  carbonate  op 
nitrate  to  a  moderate  red  heat.  A  conTement  mode  of  preparii)^  it  for  use  in  organic 
anBlynis  ib  Id  ignite  eopper  amithy-Bcales,  moistened  with  a  sufficient  quantity  of  nitric 
acidto  conrert  the  whole  of  the  metal  and  red  oxide  into  black  oxide.  As  tbuu  ob- 
tained, it  is  le*s  hygroscopic  than  when  prepared  by  i^iting  the  nitrate.  The  heat  must 
not  be  zaLied  too  high,  or  tiie  ojdde  will  fuse,  and  will  then  hti  difficult  to  pulverise. — 
3,  According  to  Picinus,  cupric  oxide  may  be  easily  prepared  by  exposing  a  mixture 
of  1  pt.  copper  filings  and  2  pts,  deliquej+ced  cupric  nitrate  \q  the  air,  till  the  whole  li 
converted  into  a  basic  salt,  and  then  igniting  this  Bait.-— 4.  When  caustic  potash  in 
added  by  drops  to  a  boiling  solution  of  a  cupric  salt  till  the  acid  is  saturated,  the  whole 
of  the  copper  la  precipitated  as  anhydrous  black  oxide,  which  may  be  freed  from  potash 
by  washing  with  bailing  water. 

Cupric  oxide  prepared  as  above  has  the  form  of  brown-bkck  brittle  scales  and 
granules,  or  of  a  brownish- black  powder,  which,  when  titrongly  heated,  asiiumes  for  a 
while  a  pure  black  tint.  At  a  AiU  red  beat,  it  melts  and  sohdihes  U>  a  mass  having 
a  cr3rst:altiue  fracture.  By  heaticg  It  to  commencing  redness  in  a  silver  crucible  with 
fpfmi  4  to  6  times  its  weight  of  hydrate  of  potassium,  washing  the  fused  ma^fcs  with 
water,  andseparating  the  fioccnlent  cupric  oxide  from  the  cryst^line  portiou  by  leviga- 
tion,  it  may  be  obtained,  in  regular  tetraHedroua  having  a  strong  lustre.  (B  ecqaerel, 
Ann.  Cb,  Phys,  IL  122.) 

JenKSch  (Pogg,  Ann.  evil.  647)  fotmd  crystals  of  cupric  oxide  imbedded  in  cavities 
in  the  hearth  of  a  citfcining  farnace  at  Freiberg ;  they  wei^  iron-black,  shining^  of 
■pecific  gravity  (jIoI*  nearly  as  hard  as  fluor-spar,  and  belonged  to  the  trimetric 
system,  exhibiting  the  faces  oo  P  »  P  co  .  P  oo  .  |P.  Inclination  of  faces :  ooP  :  coP* 
99°  39*;  oDp  :  f  »  -  113<>  58';  ocP  :  P  (»  =-  122*^  58'.  They  were  all  twin-crystals, 
thefkce  of  combination  being  a  P. 

Cupric  oxide  is  reduced  to  the  metidlic  state  hj  gentle  ignition  with  hydrogen  or 
charcoal;  by  hydrogen  even  at  the  temperature  of  boiling  linseed  oil.     (Schrotter.) 

It  is  likewise  reduced  to  the  metallic  state  by  potajfsiufn  and  sodtum,  at  temperatures 
somewhat  below  the  melting  points  of  thoBe  metals,  and  with  vivid  incandescence.  With 
fused  c//a nid4;  ofpoiamiu  wi  it  y iel ds  eoppi'  r  and  cy a n ate  of  potassium  ( L  i  e  b  i  g).  Wh  en 
gently  ignited  with  nffiaUic  copper^  it  is  converted  into  cuprous  oxide.  With  phos- 
phorus at  a  red  heat^  it  yields  phosphide  and  phosphate  of  copper.  Mixed  with  pho^- 
Vthoric  oxide,  it  detonates  slightly  on  the  approach  of  a  red-hot  coal,  and  is  converted 
into  cupric  phosphate  and  brightly  glowing  fnw'd  globules  of  phosphide  of  copper 
(Leverrier).  A  mixture  of  cupric  oxide  with  excess  o£  sulphur  is  resolved  at  a  red 
heat  into  cuprous  sulphide,  euiphurous  anhydride,  and  a  trace  of  cupric  sulphate  i 

2Cu*0  +  S*  ^  Cu^S  +  SO'. 

If,  on  the  pontraj^',  the  cupric  oxide  is  in  eicess»  cuprous  oxide  and  cupric  sulphut« 
are  produced,,  and  only  a  trace  of  sulphurous  anhjdridet  excepting  when  the  heat  is 
raised  to  the  point  at  which  the  cnpric  sulphate  is  deoomposed  (Max  Jordan,  J.  pr. 
ChtaxL  xxTiiL  222): 

7Cu«0  +  S  =  Cu'SO*  +  3Cu*0. 

When  protoxide  of  copper  is  boiled  with  a  solution  of  stannotts  chimndf,  stannic  oxide 
is  precipitated,  and  euprons  chloride  dissolved  (Proust;  A.  Vogel,  Kastn.  Arch, 
xxiii.  86).  Hydral^d  ffrroua  and  cupric  oxides  are  converted  by  mutual  decomposi- 
tion into  by d rated  ferric  and  cuprous  oxides  ;  the  latter  of  which  may  be  dissolved  out 
by  ammonia  (Levol,  Ann.  Ch.  Phys.  Ix,  320;  also  J.  pr.  Chem.  xiv.  115): 

2Fe*0  +  2CtL'0  ^  Fe*0"  +  Cu*0. 

In  presence  of  potash  or  soda^  and  with  the  aid  of  beat,  cupric  oxide  is  decomposed  by 
arsniioua  anhj/drtdr^  the  products  b*  iiig  cuprous  oxiile  and  arsenate  of  potassium.  The 
decomf^osition  is  effected  by  mixing  150  pts.  (2  at.)  of  cupric  oxide  with  100  pts.  (rather 
more  than  J  at,)  of  ar^enious  anhydride,  and  with  excess  of  soda,  and  digesting  the 
mixture  at  a  gentle  heat,  with  frequent  agitation,  till  all  the  protoxide  of  copper  is 
L'onTcrted  into  hcmioxide:  the  sohition  contains  arsenate  of  sodium  : 

4Cn-0  +  A3"0»  +  3Na'0  ^  2Cu'0  +  SNa'AsO*. 
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SO 


TVhcn  AtninoTiIa  U  iia«d  in  place  of  aoda,  onl)-  half  of  the  protoxide  of  coppi-r  is  eon- 
Ttfted  into  hptmojdder  the  rest  remaios  dbsoked  in  the  ammonia,  fornjitjg  a  blue 
solution,  and  no  doeolomtion  takes  place  till  pota^ih  or  soda  is  added*  A  mijtture  of 
Af«enioaf»  aeid  with  carbonate  of  potasBiuin  or  sodium  or  quick'timc  does  cot  convert 
the  protoxide  o!  copper  into  tlie  hemioxide  (Bonnet,  Pogg,  Ann.  xxxvii.  300),  When 
proto^uipkidg  of  tinon  i«  fimetl  with  protoxide  of  copper,  sulphide  of  copper  13  formed 
(Karsten).  Protoxide  of  copper  la  reduced  to  the  state  of  bemioxide  hy  boiling  it 
with  vanons  organic  fiabstancefl,  f,  ff.  with  mt  of  turpentine, 

Hpdrattd  Cupric  Oxide,  or  Ou^rie  Hffdratf^  CuHO,  or  CuO.HO,  is  formed  by 
preciniUtipg  a  diMolred  cutiric  salt  m  the  o&ld,  with  a  slight  exeess  of  diiut^^  caustic 
pota«h,  quickly  waahipg the  blue  precipitate  with  cold  water,  and  drying  it  at  the  ordinary 
l«mpenitiire  of  the  air.  The  hydrate  generjjly  turrw  black  frfjm  aclmixture  of  auljy- 
droDB  copricoxide,  even  during  the  washing  and  drying.  According  to  Palmatwit,  it 
ia  more  duiable  when  obtained  by  the  mHion  of  caiiBtic  potajsh  on  <^rbonat«  of  copper 
pfttTUMifily  w«E  WQohed  with  wat-er.  After  dr)'iug,  it  forms  greenish-blue  friahk  lumpn^ 
having  a  conchoidal  fracture ;  itM  taste  ia  strongly  met^iUic.  In  the  diy  stat^  it  r^jmaiua 
nndecompooed,  e^ren  at  100^  C,  but  at  a  somewhat  higher  temperature  it  is  convert^jd 
into  anhydroua  black  oxide ;  thus,  if  the  hydrat«i  be  heated  on  pper,  the  chang*  takea 
pWe  at  a  temperature  not  high  enough  to  char  the  pfiper.  It  is  couTcrted  into  the 
KLadL  oxide,  with  considerable  diminution  of  volume,  when  kept  for  some  time  under 
water ;  alik^,  by  boiling  in  siiliition  of  eauirdc  potash.  Alcohol  d-iea  not  decompose 
the  hjdnite.  either  in  the  fresh  or  in  tha  dry  state  (Proust,  Ann.  Cb.  Phya.  xxxii.  41)* 
Mnefa  of  the  Blue  verdiUr  or  Bremen  preen  which  occurs  in  commerce,  consists  of 
hydistad  cupric  oxide,  prepared  by  precipitating  a  aolation  of  sulphate  of  copper  with 
cai^BStic  poCoflb  oif  16°  B.,  washing  the  precipitate,  again  treating  it  with  caustic  potash 
of  16^ — 18**  B.,  and  lastly  washing  it  thoroughly.  The  potash-solution  mast  contain 
a  little  carbonic  acid,  in  the  state,  in  short,  in  whifh  it  is  obtained  by  slaking  50  pts. 
of  lime  in  an  aqueous  solution  of  80  pis,  of  pearlash ;  otherwise  the  colour  will  be 
qwiled.     (Gent  el  e.) 

According  to  Fr  6ray  (Ann.  Ch,  Phyw^  [3]  xxiii.  161),  hydra  ted  cupric  oxide,  obtained 
by  precipitating  a  solation  of  cupric  sulphiite  in  the  cold  with  a  lai^e  excess  of  potash, 
and  then  drying  in  vacuo,  con  tarns  Cu'll*D',  or  Cu03H0. 

Cttprie  Oxygert'Salts.  —  Cupric  oxide  has  a  strong affini^  for  acids,  diBSoIring  in 
tli«m  eaail^,  imd  with  evolution  of  heat,  even  after  ignition;  the  hydrate  and  carbcinuto 
dinolre  with  still  greater  facility.  The  last-mentioned  compounda  likewise  dissolve 
in  ammoniacal  salts,  and  lil>erate  the  ammonia  on  boiling.  The  anhydrous  cupric  salts 
az«  mostly  white ;  the  hjdruted  salts  have  a  blue  or  green  colour.  They  are  for  the 
moat  part  soluble  in  water^,  and  the  soltitiona  hare  a  metallie  taate  and  redden  litmus. 
At  a  i»d  heat  they  give  off  their  acid,  provided  the  acid  is  volatile ;  the  sulphate, 
bowern;  requirea  a  strong  beat  to  decompose  it.  For  their  behariuur  with  reagents  and 
befbn  the  loowpipo,  see  page  55. 

AmmoniO'Cnprie  O it trf**.— Cupric  oxide  appears  \o  unite  witJi  ammouia  in  more 
than  one  proportion.  A  dark  azure-blue  liquid  is  formed  by  exposing  an  ainmoaiacal  so- 
lution of  cuprous  oxide  to  the  air;  or  by  bringing  copper  filings  in  contact  with  aqueoua 
ammonia  and  a  sufficient  quantity  of  air, — or  cupric  oxide,  either  anhpfdrous  or  hydruted, 
with  aqueous  ammonia ;  or  by  allowing  aqueous  ammonia  mixed  with  a  few  drops  of 
Ml^ammooiac  solution  to  trickle  through  copper-turning«t.  If  all  acifls,  even  carbonic 
acid,  be  excluded,  the  ammonia,  according  to  Beraelius,  appears  to  dissolre  scarcely  a 
trace  of  the  anhydrous  oxide  ;  but  on  adiung  a  drop  of  the  solution  of  an  ammoniacal 
•alt,  the  oxide  is  abundantly  dij^>Ived  (compare  Wi  t ts  tei  a,  Repert.  Ivii  32).  The  pro- 
duct is  a  dark  anire-blue  liquid.  PkoBphorus  decolor! ses  it,  by  forming  a  compound 
of  cuprous  oxide  and  ammonia,  and  ultimately  precipitates  the  copper  in  the  metallic 
^plate ;  xinc  and  cobalt  likeMrifte  precipitate  the  copper.  Iron  reduces  the  copper  im- 
"frdly ;  arsenic,  tin,  and  ca<lmtum  reduce  it  sparingly,  and  lead  exhibits  but  mere 
oes  cif  reduction  (F  ischer,  Pogg.  Ann.  viiL  492).  According  to  Wetz  lar  (Scbw.  J. 
I  101),  iron  exerts  no  action  on  the  pure  solution,  but  slowly  precipitates  metallic  copper 
L  the  solution  mixed  with  s^-ammoniac,  eommon'salt,  nitre,  or  sulphate  of  potas- 
I,  sodulci  composed  of  copper  and  ferrous  hydrate  forming  on  its  surface  at  isolated 
Dtir  and  extending  till  the  liquid  is  decolorised.  A  lai^o  excess  of  ammonia  prevents 
•  pfrecipttation,  especially  if  the  solution  be  mixed  with  nitrate  or  sulphate  of  potaasium 
dphMrouMOcidw^dsiA  to  the  solution  of  cupric  oxide  in  ammonia,  throws  down  nearly 
I  llie  Ripper  in  the  form  of  wid- brown  cuprous  oxide,  containing  small  portions  of  i*ul- 
burous  acid  [and  ammonia?]  (A.  Vogel).  The  liquid,  when  tlilutod  with  a  large 
'  of  water  deposits  the  cupric  oxide  in  the  form  of  hydrate.  Potash— of  which 
*  quantity  is  required  in  proportion  as  the  ammonia  is  in  greater  excess — 
I  precipitatca  the  cupric  ozideir  at  leaat  after  a  while,  in  the  fonn  of  hydrate 
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leootaining  poUsbP],  the  predpitation,  aiToonUn^  to  BenceliiUf  being  complete;  on 
bofUng  the  bqttld,  black  oxide  of  copper  i*  immediately  precipitated. 

When  amtiirttiii^^  not  in  excess,  is  added  to  eapric  udta,  the  precipitate  luinallj  coo* 
aifltf  of  a  basie  salt  free  from  ammonia;  Kane,  boverer  (Aon.  Ch.  PHjb.  [2]  IxxiL 
283),  on  one  occaidoQ,  bj  precipitating  a  aolntion  of  cnpric  chloride  vith  ammoiiia, 
obtained  a  blue  precipitate  reaemblung  bjdrated  cnpric  oxide,  wluch  waa  eaay  to 
wBnh,  and  did  not  ioie  ammonia  doriog  the  waahing.  Thi»  precipitate  undemrent  no 
change  at  149®  C. ;  but  at  a  eomewhat  higher  temperature,  it  waa  diooompo^d  with  a 
slight  hiBBing  notae,  yielding  nitrogen  gaa,  ammonia,  a  huge  qttantity  of  water,  and  a  red 
miztnre  of  copper  and  cuprous  oxide.  It  wob  found  to  be  free  from  cUonne,  and  to 
consist  of  4Km3Ca*0  +  6H^0. 

Malaguti  ami  Sarseau  (Ann.  Ch.  Phya.  |3]  ix.  431)  obtained  the  eomponnd 
4yH*.CiL*0  ^  4H'0,  in  fine  blue  cr}'stals  br  paasmg  ammonia-gas  to  complete  eatura^ 
tion  through  water  in  which  bade  cupric  chromate  was  suapended,  etyrtaUiaing  out  a 
portion  of  the  copric  chromate,  and  leaTing  the  mother^liquor  under  a  bell-jar  together 
%iith  a  mixture  of  alaked  lime,  sal-ammoniac,  and  lumps  d  quick'-liroe,  so  that  it  might 
eraporate  in  an  atmosphere  of  ammonia.  Bine  aystala  of  basic  cvuprie  ehnymate  then 
formed,  together  with  green  crjstala  of  ammonio-cuproua  <mde.  These  oyatala  deli- 
quesce  and  give  ofiT  ammonia  when  exposed  to  the  air,  and  when  heated,  decompoee 
with  incandescence,  leaving  metallic  copper.  When  a  number  of  them  lying  together 
are  heated,  so  that  one  begins  to  glow,  the  incandescence  extends  to  the  others,  and 
Tcrmicular  tubes  of  copper  are  formed,  corerod  hflfe  and  there  with  oxide. 

The  solution  of  cupnc  oxide  in  ammonia,  also  the  anunoniacal  solution  of  baaic  enprie 
sulphate  or  hyposulphate,  dissolres  celluloae  (cotton,  linen,  hemp-fibre,  paper,  &c\ 
this  solrent  power  increasing  with  the  amount  of  copper  in  the  solution,  and  the  oellu- 
lose  ia  precipitated  in  the  amorphou^i  stjite  by  aeids^  salt,  sugar,  &c  (Schweizer, 
J.  pr.  Cfaem.  IxxiL  109;  Ixxri.  344  ;  Peligot  Compt  rend.  xlTii.  1034.)  According 
to  Erdmann  (J.  pr.  Chem.  Isxri  38o),  the  celluloee  is  not  actually  held  in  solution, 
but  merely  swollen  and  held  in  suspension,  like  a  Larch  in  water  (i.  820). 

Hricioxidbof  CoppBB,orCrrpROU9  Oxide*  Cu*0  —  Ccu*0.  or  Ctt'O,  also  called 
Dioxide^  Stthoxide^  and  Bed  oxide  of  copptr  {Proioxidt  d€  cuivre^  Kupferoxyduti, — This 
ojdde  is  found  native  in  two  forms;  1,  Red  copper,  {EoikkupfcrtTzX  whick  occurs 
erystallised  in  the  regular  system,  generally  in  octahedrons  and  with  octahedral 
dearage:  also  massire,  granuhir,  sometimes  earthy*  Specific  graTity  =  6'85 — 6*15, 
Maidiieia*3'/» — 4.  Colour  red,  of  rarious  shades,  with  adamantine,  sabmetalHc,  or 
earthy  lustre;  subtraniparent  or  subtranslucent;  occasionally  crimson-red,  by  transmitt^ 
Ughtv.  Streak  brownish  red,  shining.  Fracture  conchoTdal,  uneTen.  Brittle,  It  occurs 
in  the  Bannat,  in  Thuringia,  in  Tuscany,  in  the  Isle  of  Elba  in  cubes;  in  Cornwall, 
at  Cheasy,  neat^  Lyons,  where  crrBtals  sometimes  an  inch  in  diameter  are  found  em- 
bedded in  lithomacge  ;  at  Ekatherinenburg  in  Siberia ;  abundantly  in  South  Australia ; 
io  the  Lake  Superior  region,  and  several  other  localities  in  North  America.  When 
found  tnlaree  quantitios,  it  forms  a  valuable  ore  of  copper  (Dana,  ii  101). ^2.  As 
Copper-bloom,  Chalotrichite,  or  Capillary  red  oxide  of  copper  (^M/>/*<?r- 
UutM\  which  crystiillises  in  the  trimetric  system,  forming  prisms  with  the  acute  and 
obtuse  edges  truncated ;  ob^rvt^l  piMnea,  od  P  .  oe  f  oo  .  qd  I*  ao.  It  is  usually  found  in 
flue  capillaiy  ciystallisations,  grouped  or  reticulated.  Cleavage  rhomboTdoX  fierfect 
Specific  erarttyBiS'B.  Colour  cochineal  and  crimson-red.  Occurs  st  Rheinbreiten- 
bach,  Ifoldawa,  and  Nischna  TugEsk.     (Dana,  ii.  122.) 

Prfparait&JU — L  By  igniting  4  pts.  of  copper  iilings  with  5  pts,  of  the  protoxide,  otr 
29  pts,  copper  filings  with  24  pts,  anhydrous  cupric  sulphate. — 2.  By  heating  100  pta.  of 
CrystaUised  cupric  sulphate  with  67  pts,  of  crystallised  carbonate  of  sodium,  tall  the  water 
of  erystallisation  is  entirely  expeUed,  and  heating  tlie  residue  Io  bright  rodnesa  with 
25  pts.  copper  filings,— 3,  A  mixture  of  5  pts.  cuprous  chloride  (obtained  by  evaporat- 
ing a  solution  of  cupric  chloride  and  fusing  the  residue)  and  3  pts,  anhydrous  car- 
bonate of  sodium  is  fused  at  a  gentle  he^it.  Mid  the  cooled  mass  is  lixiviated  with  water 
to  dissolve  out  the  sodium-salts :  cuprous  oxide  then  remains  as  an  amorphous  powder, 
of  a  fine  red  colour  (Wo hi er  andLiebi^,  Pogg.  Ann.  ixi.  581).— 4.  A  solution  of 
equal  puts  of  cupric  sulphate  and  sugar,  is  muied  with  a  sufficient  quantity  of  soda- 
ley  to  dissolve  all  the  copocr,  and  gently  heated  ;  cuprous  oxide  then  aeimrutes  in  the 
form  of  acijBtftlline  jxjwder  (Mi  tscherlich,  J.  pr.  Chem.  xix.  430).— 5.  A  very  fine- 
coUrared  oxide  is  obtained  by  pouring  a  cold  saturated  solution  of  cupric  sulphate  into 
an  excess  of  potash-ley ;  leaving  the  precipitated  cupric  hydnie  to  settle;  then,  after 
washing  and  pressing,  diffiiaing  it,  whDe  still  moist,  through  7  times  its  weight  of 
water  in  which  3  parts  of  sugar  are  dissolved ;  adding  a  solution  of  2  pts.  hydrate  of 
potaasium  in  a  quantity  of  water  equal  to  that  which  has  been  used  for  dissolving  the 
SQgar;  agitatiag  the  mixture  strongly;  straining  it  through  linen;  and  heating  it 
over  the  water-bath,  with  brisk  agitation.     Cuprous  oxide  is  then  deposited,  and,  after 
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I  wrll  wasbedt  exhiVats  a  fine  red  colour. — 6.  Cwprntts  oxide  nmy  bo  obtuinf^  in 
sliining  cubical  oysf^s,  by  filling  h  t^t-t  ubc  iinth  a  in;utr*il  s^Dlution  of  cupric 
litrate,  placing  a  mnall  (quantity  of  cupric  oxid«  at  the  bottom,  introducing  a  dean 
efrip  of  copper-plate,  closing  the  tube  air-tight,  and  leaving  it  to  it*K?lf  fur  alevrmontht 
(Becqucrel).  The  ozida  is  sometimes  fonnd  in  a  similar  form  on  the  surface  ot 
antique  bronzes  which  have  heen  horied  in  the  t^arUi  for  a  long  lime. 

In  whatever  way  cuprous  oxide  may  bt»  prepared,  it^  colour  in  liticr  and  more  tip- 
proachiiig  to  crimson,  in  propt^rtion  as  it  is  purer  and  more  finely  divided.  The 
eijatala,  irhfther  natural  or  artificial,  yield  a  crimM>Q  powder  by  tritunition. 

Caproos  oxide  is  reduced  to  the  tnetaUic  stat^  by  gentle  ignition  with  ckarcMti  or 
k^drogffi ;  ako  by  poiOMium  at  a  tempeniture  a  little  above  the  melting  point  of  the 
latter.  It  imparta  a  ruby-red  colour  to  glasa-jliu:^^,  if  fused  in  euch  a  manner  aa  to 
avoid  oxidation.  It  diasolvea  in  exceaa  of  kttdrochioric  acid,  forming  a  solution  of 
capfuua  chloride,  which  is  deoompoaed  by  wat«r.  Moat  other  Hclda,  viz,  ^vlphuric, 
jtitmph&rie,  acetify  dxalic^  tartaric^  and  citric  acid,  decompose  it,  forming  eupric  suits 
and  separating  metallic  copper;  niiric  acid  converts  it  into  cupric  uitmte.  Hence 
there  are  but  few  cuprous  oxygon-salU ;  indeed  the  only  such  snlta  known  are  the  sal- 
pKil^.  aod  the  double  sulphites  of  cuprosura  and  the  alkali -metak,  pn^ducixl  by  tifatiiig 
cupric  sol utioDS  with  alkaline  sulphites  (ii.  56),  With  bromine-waitTj  it  yields  cupric 
bfomide  and  cupric  oxide. 

Hydrated  Cuprous  oxidt,  or  Cuprous  hydrate,  4Cu*0.H"0? — "When  a  solu* 
ru  of  cuproua  chloride  in  hydrochloric  acid  ia  poured  into  exceaa  of  soda  or  potaBh*ley, 
,_  when  recently  precipitatetl  cupric  hydrate  is  boiled  for  a  few  minutes  with  a  solution 
of  milk-aagar  containing  a  tmrndl  quantity  of  carbonate  of  sodium,  the  liquid  then  di* 
luted  with  water,  and  the  precipitate  wtie^hed,  cuprous  h^nlrute  is  obtained  as  an  orange* 
jeUow  powder,  which  oxidises  to  cupric  hydrate,  on  exposure  to  the  air.  It  retains 
Its  water  at  100*^  C^  but  gives  it  up  completely  at  360°,  without  change  of  colour ;  it 
does  Dot,  indeed,  assume  the  red  colour  of  the  anhydromt  oxide,  prepared  by  the 
methods  prmoualy  described,  till  it  ia  heated  to  commencing  whiteness. 

Amman  io-cuprous  oxide. — When  cuproug  oxide  or  hydrate,  or  a  mixture  of  cupric 
*'b  and  coppcr-filingfl,  ii  placed,  together  with  excess  of  ammonia,  in  a  stoppered 
le^  a  colourless  liquid  ia  obtained,  which  oxidises  so  quickly  on  exposure  to  the 
gr,  that  it  exhibits  a  blue  colour  while  being  poured  in  a  thin  stream  fi:x>m  ooe  reasal 
another  (Bergman n,  Opmcidix^  iii.  3S9  ;  Proust). 

SasqutoxtDE  or  Copprk.  Cupric  add,  Cu*0'? — Not  known  in  the  separate 
te.  Some  of  its  salts  have  been  obtained  in  the  utute  of  solution,  by  passing  chlorLue 
into  potash  or  soda-ley  in  which  hydrated  cupric  oxide  is  difiused  ;  but  they  cannot 
aVtjdned  in  the  solid  state,  inasmuch  as  they  are  decomposed,  with  violent  evolution 
Hpf  o«VLT..n  soon  after  their  formation.  Cu prate  of  calcium  has  however  been  obtained 
i  u  of  a  beautifbl  roae-coloured  substance,  by  mixing  chloride  of  lime  with  a 

a  [  cupric  nitrate;  it  decomposed  but  slowly  (Kriiger,  Pogg,  Ann.  Ixxii.  44o)w 

_  to  Crum  (Ann.  Ch.  Pharm.  Iv.  2 IS),  the  oxygen-compound  of  copper  con- 
in  this  salt  is  a  sesquioxide,  Cu*0*. 
FamoxXBS  of  Coppbr. —  1.  Formed  by  agitating  the  hydrated  protoxide  i^-ith  a 
OBsa  of  very  dilute  peroxide  of  hydrogen  at  a  temperature  of  0°C. —  %  By 
,  cupric  nitrate   with  excess  of  aqueous  peroxide  of  hyflrogen,   and  pr*^cipi- 
the  copper  at  0^  C.  by  caustic  potash  added  in  moderate  exceta.     The  rvaulting 
da  of  copper  is  washed  with  cold  water,  pressed  between  bibulous  paper,  una 
in  Tacuo.     YcUowish-brown  powder  (or  olive-green,  if  eont^uninated  with  hy- 
^  conric  oxide),  fasteltts,  and  without  action  on  vegetable  colours.     Contains 
ly  twioo  as  much  oxygen  as  the  protoxide.     At  a  temperflture  short  of  100*^  0.,  it 
off  oxygen,  and  is  converted  into  protoxide;  in  the  moist  state,  it  decompoaee  in 
—  1  of  12  houTBi  even  at  ordinary  temperatures  the  decomposition  being  greatly 
,_„d  by  the  preaence  of  strong  caustic  potash.     It  is  insoluble  in  water.     With 
it  forms  oimnaiy  cupric  aalts  and  peroxide  of  hydrogen  (ThAnard),     It  is 
pi  not  a  higher  oxide  of  copper,  as  Th^nard  supposes,  but  rather  a  compound  of 
!  oxide  with  peroxide  of  hydrogen. 

OOyMM,  OSCTBKOHSXXIII  OF.    A  solution  of  cupric  bromide,  treated  with 
f  ^  ft«"«fK^ft^'*ti  not  aufficient  Ibr  complete  precipitation,  yields  a  hydnitiKl 
klilbiinAQf  ftptle  greeo  powder,  which  gives  off  its  water  when  gently 
\w3t  imijIUi  tnftper&ture  give«  o£r  bromine,  and  leaves  a  grey  compound 
f  of  aapric  oxide  with  cuprous  bromide.    (Lowig.)  ^ 

I  Bromine- wat#r  forms,  with  cupric  oxide,  an  inwluble  olive-green  aubetance*  whicn 
lii  probably  n  mixturo  of  cupric  hypobromit-e  and  oxybromido.  It  liberates  nitrogen 
*     I  ainmonia,  does  not  discharge  vegetable  colours,  is  decomposed  by  the  weaieat 
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tfcldot  with  pToIution  of  bmtnin?,  und  at  100*  C.  gives  off  oxygen,  bromine,  and  water, 
and  ii  **oiivi  rttnl  into  ciipric  oxv bromide.     (Balard^  J,  pr,  Chem.  iv-  179.) 

OOFPSS&f  OXTGS^QRXl>SiB  QtW*  Four  of  tlip^o  componndii  (cnpric  oxjchlo- 
ndcfl)  are  known  both  in  the  anhydroua  aad  hydrated  utatea. 

ti.  Cu'ClO,  or  CaCI.Cn^.  Ad'  aoueoua  aolution  of  cuprie  chloride,  treattd  with  a 
quantity  of  p>ta.sh  not  auificicnt  to  a«H>Bipoae  the  whole  of  it,  yields  a  pale  p*en  ppe- 
cipifalo,  cooKistini:^  of  Cu'CI0.2H'0^  which  girps  off  i\s  wat«r  when  Btrongly  heated, 
leaving  the  auhydroufl  compound  in  the  form  of  a  black  powder.  Thin,  when  moistf^ned 
with  watfcr»  i.s  converted  into  a  bright  grern  powder,  containing  2Cu*Cl0*3H'O  j  and 
tills  Wt  hidrali?,  hpat^d  to  133^  C,  givea  off  |  of  itfl  water,  leaving  a  chocolatD-eolooi^d 
powder,  conmting  of  Cu*C10.H^.     (Kane,  Ann.  Ch.  Phys.  bcxii.  277.) 

b,  Cu"Cl*0'  =  *JCuCL3Cu*0.  The  a3ihydrou«  compound,  which  is  obtained  by  gently 
heating  the  hydnite,  forms  a  brown  powdp-r;  at  a  r&d  heat,  it  gives  off  oxygen,  and  is 
converted  into  a  compound  of  cupric  oxide  and  cuprouB  chloride :  2CnCI.3Ca'0  = 
2(Cu«CLCu'0)  +  0.     (Prouat.) 

This  oxychloride  oecurs  in  nature^  associated  with  vnrious  quantities  of  water,  ba 
AtacamiU  (i.  4211),  Hydrates  are  also  prepared  by  the  following  processes :  1.  The 
anhydrouji  compound  is  converted  into  the  hydrate  hy  contact  with  water,  2,  Moist 
cuprous  chloride  exposed  to  the  air,  m  converted  into  a  grer  n  mixture?  of  hydrated 
protochloride,  wliich  may  be  extracted  by  wattT^  and  hydrated  cnpric  oxy chloride: 

6Cii»Cl  +  0'  ^  4CBa  4-  2CuCL3Ctt«0. 

3.  By  digesting  aqueous  protocliloride  of  copper  with  the  hydrated  protoxide ;  or 
by  mixing  it  witli  fl  small  quantity  of  alkali,  sulHeient,  howerer,  for  the  precipitation 
of  the  dissolved  suit.  4.  ^y  expo!»ing  copptr-fuil  to  the  air,  moistening  it  repeatedly 
with  hydrochloric  acid  or  solution  of  sabammoniac,  and  exhausting  the  product  with 
water.  Tlie  arlitcially  prepared  salt  is  a  pale  green  powder.  It  is  pppparcd,  by  the 
last  process,  on  the  lai^e  scale,  and  constitutes  the  pigment  called  Bmnsirkk  flretn^ 
which  has  the  advantage  of  not  being  affected  by  sunlight.  When  gently  heated,  it 
gives  off  water,  and  is  converted  into  the  black  annydrous  compound  Cold  sulphtirie 
acid  turns  it  brctwn^  and  separates  protochloride  of  copper.  When  heated^  it  gires  off 
hydrochlorie  acid.  It  is  insoluble  in  water,  but  easily  soluble  in  adds.  (Gm,  v.  441.) 
A  Cu*C10-  =  CuC1.2Cu*0.  Thia  comjiound  remains  on  a  gre^u  hydrate  when  the 
ammoRio-ehloride,  Nll'CnCl,  ia  treated  with  water.  When  lieatcd,  it  gives  off  ita 
water,  and  becomes  chwolate -brown,  and  if  alt-erwards  exposed  to  the  air,  regains  a 
portion  of  the  wnUr  which  it  has  lo!<t. 

COPPEJL,  0XrmMUOmX3iWi  op-  Cu*F*O.H*0,  or  2CuF.Cu*0  +  H*0.— Palo 
green  insoluble  powder,  formed  by  digesting  aqueous  hydrofluoric  acid  with  excess  of 
cupric  carbonate,  or  by  deeomposing  cupric  fluoride  (ii  66),  with  boiling  water.  (Ber- 
sseliuH.) 

COFFER,  OXTasir-SA^TS  OF.  For  the  general  properties  of  theae  salt^ 
spe  ji.  55,  M;  for  the  particular  descriptions,  see  the  aereral  Acids. 

COFFSR  OJC-rSirx;.FHn»S9.  The  compound  Cti^'S*0,  or  6Cu=S.Cu*0,  is  ob- 
tained, accorcting  to  Pelouz<%  by  dropping  snlphide  of  sodium  into  anammoniacal  fiobi- 
tion  of  a  cupric  salt,  heated  to  75^—80^  C.  tdl  fho  blue  colour  just  disappetirs.  then 
quickly  collecting  and  washing  the  reHultiiig  precipitate.  If  the  temperature  ia  allowed 
to  rise  during  the  precipitation  to  95°— ^100^  C,  an  oxysulphide  of  different  composi- 
tion is  obtained,  which,  if  boiled  witli  a  cupric  salt  containing  excess  of  ammonia,  de- 
colorises and  reduces  it  to  a  cnproua  salt. 

An  oxysulphide  is  Likewise  formed  when  lulphide  of  eopper  is  heated  in  a  solution 
of  a  cupric  salt,  most  readily  if  the  solution  is  alkaUne. 

The  brown  nubstaaee  which  forms  in  tht>  first  instance,  when  copper  is  heated  with 
oil  of  vitriol,  for  the  preparation  of  sulphun^m*  acid,  has  the  composition  2Cn*8.Cu^O, 
By  the  further  action  of  the  acid,  which  abstracts  copper,  this  compound  is  converted 
into  2Cu^S.Cu''0 ;  and  when  the  evolution  of  gas  is  at  an  end,  the  residual  black  sub- 
stance has  the  compoitition  Cu'S.Cu^O.  (Maum^n6,  Anm  Ch,  Phys.  131  imii  311  ; 
Handw.  d.  Chem,  iv.  735.) 

COFFmx,  FHOSFHA^SS  OF.  Three  cupric  phosphate*  occur  as  natural 
minertdSj  vl^. : 

Cu'PO^.CuHO. 
Cu"PO*.3CuHO. 
Cu*P0*,2CuP0«  +  5H»0. 

(See  these  Minerals ;  also  Pkosfuatks.) 


Libethenite 

.    4eu''O.P'a»  +       H'O     or 

Phosphocaleite 

.     6Cu^O.PH3*  +     3K«0     or 

Thrombolito     , 

.    5Cu«0.3PO*+  10H*O    or 
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COPPESi  FHOSFKXIlSa  OF,  Cbpper  and  phMphoms  unire  readily  nt  high 
feiiip«?niturfs.  By  curefiilly  Lliyipping  phosphorus  on  melted  cDppor  in  a  crueibk,  the 
metal  in;iy  he  made  to  taka  up  as  much  as  11  p(*r  cent,  of  phofephorue.  Phosphorus  in- 
CTQAsm  the  fusibility  and  hardness  of  copper,  and  when  present  in  liirge  quantity, 
reDden  it  brittle  at  ordinary  temperatoies.  Copper  cont^uninp:  11  per  cent,  of  phoa- 
t>hon»  is  extremely  hard,  and  can  Bc&roely  he  touched  by  a  file.  It  has  h  more  or 
less  Bteel*grey  colour,  and  is  8usc4*ptihle  of  a  fine  poIi«ht  but  speedily  taruiahM|  eape- 
cittlly  in  a  London  atinoHphere*     {Pcre/s  Metallur^,  L  279.) 

Several  definite  pho8phidee  of  copper  have  been  prepared  by  H.  Eoaq  (Pogg,  Ann. 
ir.  110;  xiv.  188 ;  xxir.  321,  331). 

a,  Dicupric  Fhosphid*^  Cu^. — Greyish  black  crystalline  ^abetanee,  obtained  by 
paasiD^  hydrogen  gaa  over  dicupric  phosphate  (Cu'HPO*),  at  a  very  strong  red  heat* 

A  mixture  of  dicupric  phovphide  with  chJorute  of  potjissinm  and  cuprous  sulphide 
(tr  levigated  coke,  to  increase  its  conducting  power,  is  used  a.«»  a  fuse  for  firing  chargea 
of  gunpowder  by  mftgneto-electridty*    (Abet,  Chem,  Soc.  J.  xiv.  183.) 

h.  Trieuprie  Phosphide^  Oq'P,  is  obtained  by  paH»in^  phosphoretted  hydrogen 
gas,  (a)  over  heated  protochloride  of  copwn  3CuC1  +  HT  =  Cu"P  +  3HC1,  or  (#) 
through  a  solution  of  cupric  iOilphftt4'  (H.  Rose»  Pogg,  Ann.  xiv.  188;  xxiv.  321). 
The  first  process  yielda  it  in  the  form  of  a  black  powder,  which,  when  strongly 
igmted  in  a  close  vessel,  is  converted  into  a  groyish-bkck  metalljc-looking  mass,  but 
&m  not  aaaume  the  red  colour  of  copper  at  any  temperature.  By  the  second  proceaa, 
it  is  obtained  in  black  flocks,  which,  after  pjentle  heating  in  vacuo,  assume  a  red  colour, 
like  that  of  copper  precipitated  liy  aine  (H.  Rose).  It  docs  not  fuse  at  the  melting 
point  of  glass,  but  is  more  fusible  than  copper,     (Land  grebe,  Schw*  J.  411,  464.) 

Trieuprie  phosphide  a  exhibits  a  phosphorus -fiamc  on  charcoal  before  the  blow- 
pipe, /i  does  not ;  a  gives  off  half  its  pnosphoros  when  very  strongly  united  in  a 
cunvnt  of  hydroj^n gas  (H.  B ose,  Pogg.  Ann,  iv,  110).  Both  varieties  dissolve  readilv 
in  nitric  acid,  with  formation  of  phosphoric  acid,  especially  «,  if  not  previously  heated. 
Hot  strong  sulphuric  add  dissolves  J9,  with  evolntion  of  sulphurous  anhydride.  If  not 
previously  heated,  ^  diasolves  in  liytlroehloric  acid  more  readily  thiin  purt'eopper,  with 
evolution  of  non-Bpontaneously  iiiflamraabl*j  phosphoretted  hy<irogcn  {Buff)»  ^,  if  not 
pPBviottsly  heated,  is  permanent  in  dry  air,  but  when  exposed  to  a  moLst  almosphere 
Hi  converted  into  cupric  phosphate.  Before  the  blow- pipe,  it  burn!*  to  a  !dack  b**ad  of 
ct^ric  phoq)hat«,  wnich  solidifies  to  a  white  enamel  on  couliiig.     (Land grebe.) 

€^  Tricuprous  Phosphidf*,  Cu'P,  or  Ccu'P. — Produced  by  passing  phospho- 
retted  hydi^en  over  cuprous  chloride  or  sulphide : 

3Cu*Cl  +  H«P  =  Ca«P  +  3HC1; 

also  by  pAAsing  hydrogen  gas  over  trieuprie  phosphide,  at  a  very  strong  red  heat  It 
is  a  black  powder,  or,  after  strong  ignition,  a  light  grey  mms,  having  the  metallic 
lustre.  On  charcoal,  before  the  blow-pipe,  it  emits  a  phosphorus-flame.  It  is  insoluble 
in  hydrochloric  acid,  but  dissolves  in  mtric  acid  or  aqua  regia,  forming  cupric  phos- 
phate.    {H.  Bose.) 

COFFER,  FiTitFIiS.    (See  Sui^fkidbs  of  CoFrmi  and  Iron,  ii.  80.) 

COFFISR,  KES.     (See  Coft'KU,  Oxides  of,  ii.  70*) 

COFFISl,  SEZiKirZBSS  OF.  Cuprie  Seienide,  Cu'Se,  is  obtained  by  pfe- 
cipit-sting  cuprie  sulphate  with  aelenhydrie  acid,  in  black  flakes,  which  become  dark 
grvf  when  dry,  and  acquire  metallic  lustre  by  pressure.  It  gives  off  half  its  selenium 
on  distillation.     (Berseilius.) 

Cup rou9  Stltnide,  Ca*Se,  or Ccu'Se.  Found  native,  as  Btrrdiamtt,  at Skrikenmi 
in  Svaden,  and  near  I^hrbach  in  the  Hart«,  in  sofl  thin  dendritic  crusta,  with  silver- 
whita  colour  and  metallic  lustre.  The  same  compound  is  produced  by  heating  copper 
with  selenium,  aud  by  igniting  cupric  selenide  in  a  dos©  vesstd.  Before  the  blowpupo 
it  etmts  the  o<iour  of  seleniuTO,  and  fuses  to  a  grey  bead  of  brittle,  easily  fusible  copper, 
stiU  retaining  selenium.     (B  e  r e  e  1  i u  s.) 

SeUnide of  Copp tr  and  Ltud.     (See  LhAlD,  SELBKinii  ok) 

4l0IP9SBp  SZ&ZCATBS  OF.  The  mctamlkatt,  Cu'SiO',  occurs  native  with  I  at. 
^  iniflL  it  Jiqpi^r  ^'^^  ^^^  ^  ^^'  '^^^^^i  lUi  Chr^Bocolla.  Other  copper  silicates  of 
'  'bii'^yilatd  eorapotition  are  likewise  found.    (See  Sii>icatrs.) 

C0W9'WM%  SHiICII^B  of.  Silicon  may  Ijc  melted  with  copper  mto  a  dnctile 
bead  before  the  blow- pipe,  and  the  compound  leaves  a  fiiliceous  skeleton  when  dis^- 
solveti  in  adds  (B  e  rz  eliu  s).  By  heating  copper  to  intense  whiteneas  with  whit^*  sand 
and  chaieod,  a  compound  is  obtained  perfectly  soluble  in  acids,  the  solution  when 
evaporated  leaving  6  per  cent  of  ailica  (BerBcHus).     Percy,  by  tbi«  process,  obtamcd 
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&  crmtpoimd  oontaming  1*82  p^r  oent,  silicoD.  It  had  ft  ip«ctl&e  grarity  of  8'70t  ▼>* 
midlesable  wbile  eold^  bnt  brittle  at  a  rt*d  henL 

A  roinpoiind  containing  from  10  to  11  j^t  cent,  of  wlicon  is  obtained  by  heating 
eopper  foil  Or  filingm  with  f  ilicofluoride  of  potaaeium  or  sodium,  and  metalUc  soditun 
(Deyille).  It  varies  in  colour  from  veUow  to  gr«^riah  white,  i#  Tety  hard  and  brittJe, 
Cttsily  pnlTeriaed,  more  fusible  than  copper,  and  is  readily  attadced  by  nitrie  acid,  either 
strong  or  dilnte,  with  f^oratian  of  a  grey  powder:  the  aolotion  gelatiniaea  on  erapo- 
nfcion.    (Percy's  Mtttdlurgy,  I  283,) 

COFFSXt  SirXPSA.TB  or.  Kenti^  cnpric  Bulphate.  Ctt'SO*  +  SB?0  ooeura 
natiTe  as  Cyanoaite  iq.  t\)\  a  basic  inlphate,  Cn'SO'.eCuHO,  also  occurs  natire  aa 
Brockantite  (i.  664 ).  A  solphato-cbloride  of  copper,  called  CotmMU^  ia  foimd  in  Corn- 
wall (ii  U).     See  also  SciJ^HATBS. 

C099ER,  SITZiPBXBES  OF.  Copper  has  a  great  affinity  for  sulphtir,  bornitig 
in  ita  Tapour,  and  tixiiting  w  ith  it  eren  at  ordinaiy  temper^itareti,  when  the  two  sub- 
stances are  tritumt^ed  together  in  the  finely  divided  stat^".  There  are  two  weU  de- 
ftned  solphidea  of  copper,  Cu'S  and  Cu*S,  corresponding  to  the  oxides,  and  four  mors 
of  less  defined  constitutioD,  but  snppoded  to  contain  respectirely  2,  3,  4,  and  5  at, 
sulphur  to  2  at  copper. 

PnoTostJLFHtDB  OF  CoppBB,  or  CupBic  SuLPHiDB,  Cn*S  or  CuS^  This 
eompoond  is  found  native,  as  ComUin,,  Indiffo  copper,  Biiu  copper ,  or  Breithauptite^ 
sometimes  in  hexugoniil  pliLtas,  with  very  {perfect  ba&al  eleava^  more  commouly 
massive  or  spheroidal,  ciyatiUJine  on  the  surface.  It  ia  soft,  fiexibJe  in  thin  leiivea, 
of  specific  grafity  3*&,  opaque,  of  bluish-block  colour,  with  faint  reainons  lustre.  It 
occurs^  with  other  copper  ores,  at  Leoeang  in  Saltzburg,  Keilee  in  Poland,  Xdinger- 
bauscn  in  Saxony,  Manaield  in  Thuringia,  and  in  the  fomaroles  of  Vesuvius,  where  it 
forms  a  sooty  deposit  or  block  networic,  like  a  spiders  web*  (Gm.  v.  422;  Dana^ 
iL  65.) 

Cupric  sulphide  is  thrown  down  from  cupric  salts  by  snlphjdric  acid  or  Fulpbide  of 
ammonium,  as  a  brown  precipiUte,  which  becomes  brown-black  when  collected,  mncL 
greenish-black  on  drying  -  it  oxidises  very  quickly  on  exposure  to  the  air,  iicquiring  an 
add  reaction,  and,  if  moist,  is  completely  converted  into  cupric  sulphate  (iL  57)-  It  is 
likewise  produced  by  triturating  cuprous  sulphide  with  cold  strong  nitric  at^id,  which 
abfltiaetB  half  (be  copper. 

When  cupric  sulphide  is  treated  with  hot  nitric  add,  the  copper  is  oxidised,  part 
of  the  sulphur  is  converted  into  gnlphuric  acid,  and  the  rest  is  separated,  so  that  the 
resulting  solution  contains  both  nitrate  and  tftdphate  of  cfipper.  Hot  coQcentrated  k^ 
droehloric  acid  slowly  convertJS  it  into  cupric  chloride,  with  evolution  of  sulpbydrie 
acid,  and  separation  ot  sulphur ;  this  reaction  takes  place  most  easily  with  the  recently 
precipitated  sulphide.  Cupric  sulphide  decomposes  siiver-MlU,  the  copper  dissolving 
and  sulphide  of  silver  being  prectpitateil  It  is  insoluble  in  aqueous  sulphurous  ad^ 
potash,  and  the  fixed  alkiiline  Hulphidea,  slightly  soluble  in  sulphide  of  ammonium, 

HaitistJLPHinB  OF  Copper,  or  Cvpaous  StfLpHtna,  Cu*S— ecu's,  or  Ot^S, 
also  caUed  DUulphide  of  ro^/>rT*— Found  native,  as  Copper-^nnce^  ViittoMS  atpper^  or 
Bcdruikiie,  in  cmtols  of  the  Xnm^Xnt  system,  with  the  form  of  six-sided  prisms,  oo  P  . 

00  Poe  .  oP*     Kadoof  brarhjdiiigonal,  macrodiagoaal  and  principal  axis,  =  0*5822  : 

1  :  0-9741.  »  P;  a  P  =  6(P  25'.  Cleavage  veiy  imperfect^  panOlel  to  oq  P  (Kopp), 
Twin  eiy&tiils  are  of  frequent  occurrence.  It  also  occurs  masdre,  with  granular  op 
compact  and  impalpable  structure.  Specific  gravity  =  5*6 — 5*8.  Hardness  =  2-o — ^3. 
Colour  blackish  lead^grey;  lustre  metallic;  streak  lead-^erey,  sometimea  shininflp 
Fracture  conchoidsl.  Sectile.  Fine  crj- stalls  of  this  minenuare  found  in  the  Cormsh 
minf« ;  it  occurs  also  in  Haddingtonshire,  Ayrahire,  and  Fair  IsUnd,  Scotland-  The 
compact  and  massive  varieties  occur  in  Siberia,  Hesse,  Saxony,  the  Banna  t ;  also  in 
Connecticut^  New  Jersey,  and  other  parts  of  the  United  States;  large  and  brilliant 
crystals  are  found  at  Bristol,  Connecticut.  Co^rer  pvrites,  purple  copper,  and  bhu^ 
copper,  occur  as  pseudomorpbs  after  copper^Iance,     (Dana,  ii-  46,) 

Cnprons  sulphide  is  prepared:  1.  By  triturating  copper  ^th  sulphur.  When  64 
pis.  (2  at.)  of  finely  divided  copper,  obtained  by  reducing  the  carbonate  with  hydrogen^ 
and  16  pta,  (J  at.)  of  milk  of  sulphur  are  dried  together  over  oil  of  vitriol,  and  tritu* 
rated  together  in  a  mortar,  so  gently  that  no  heat  is  produced  bv  the  friction,  they 
combine  as  soon  as  a  uniform  mixtiu^  is  attained,  and  Jbrm  I'luish  cuprous  sulphide^ 
the  combinatioii  being  attended  with  a  development  of  heat  which  raises  the  mass  to 
redness.  If  the  proportion  of  the  copper  to  the  sulphur  he  even  slightly  altered,  the 
experiment  fnils,  even  though  the  mortar  be  warmed.  If  the  mortar  be  wanned  to 
20^  to  26°  C,  it  is  not  necessary  to  dry  the  powders  previously,  and  monjovor,  fiowers  of 
sulphur  may  be  used  instead  of  milk  of  sulphur,  only  that  longer  trituration  is 
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taiy  to  indace  combination  (WinkelblocK  Ann.  CIi,  Phami-  xxi.  34).  Sulpliido  of 
copper  is  idao  formed  bj  triturating  copper  fi.lings  with  sujplmr  and  water. — 2.  Thin 
COpptr  leaf  burns  with  ririd  inflammation  in  a  ghaa  flask  m  which  eulphiir  htm  bet'ti 
heat«dtiU  it  TolutiliBes,  8  pts,  of  copper  filinga  mixed  with  3  pt«.  of  pjimdcd  sul' 
phur  unit*?,  with  incaodeBcence^  rrhf^n  heatt-d.  Tbo  gtune  comMund  i&  obtained  by 
ftiaing  together  pUt«e  of  copper  and  pomided  Bulphnr,  urrunged  m  a  crucible  in  alter- 
nate layers.— 3.  By  igniting  protoxide  of  copper  with  »u]phur. — 4.  100  pts.  of  dry 
cupric  sulphate  heated  to  wbitoneaa  in  a  cmcible  lined  with  cbarcoaJ,  yield  47'6  pts, 
of  cuprous  nulphidej  mixed  with  a  few  granules  of  the  metal  (Berthier,  Aun  Ch. 
Phys.  xxiL  236.) 

Artificial  cuprous  ffolpliide  baa  a  density  of  6  9775  (Kara  ten);  it  is  of  a  bladdsh 
lead'grej  colour^  and  fuses  much  more  easily  than  the  metal 

Cuprous  sulphide  is  not  decomposed  when  heated  to  redness  out  of  contact  of  air; 
but  if  the  air  has  access  to  it,  comfaustioa  takes  place,  and  sulphurous  anhydride  and 
free  cupnc  oxide  are  produced.  When  heated  to  rednesa  in  a  current  of  aqucovs  vapour^ 
it  is  but  slightly  decortipo»ed ;  but  at  a  white  heat,  it  yields  Lirge  quantitit's*  of  hydrogen 
gas  and  eulphiiretted  bydrogen,  togetlier  with  Bublinied;&tilphur,  and  llie  copper  is  <xim- 
plctely  reduced  to*  the  met^c  state  (lieguQult,  Ann.  Ch.  Phya,  Lxii.  378).  [There 
la  no  statement  as  to  what  becomes  of  the  oxygen  of  the  water.]  By  phosphoreited 
h^fdro^tn  gas  at  a  red  heat,  it  is  very  slowly  resolved  into  Cu'P  and  suJpliuretted  hy- 
drogen (£  Boae) : 

3Cu*S  +  2PH*  -  2Cti«!F  +  3ffa 

It  is  not  altered  by  ignitioD  in  a  stream  of  hydrogen  (H.  Rose).  It  is  net  decom- 
posed by  chlorine  gas  at  ordinar}"  temperatures^  very  slowly  when  heated  (H.  Bose, 
Fogg.  Aim.  xUi.  640).  It  dissolves  with  diMculty  in  strong  boiling  ki/drochloric  acid, 
wi^evolntion  of  sulphuretted  hydrogen  and  fannadon  of  hydrochloric  acid  and  cuprooA 
oxidfl ;  in  heated  nitric  acid^  it  dissolves  with  »i*pamtion  of  sulphur^  wherea,**  cold 
nitric  acid  withdraws  half  the  copper  and  leaves  protosulphido  of  copper.  100  pts.  of 
ettprcms  sulphide,  ignited  with  77  pts.  or  rather  less  of  nitrt^  yield  from  GG  to  70  pta, 
of  metallic  copper  (Berthier).  %VTieij  cuprtms  sulphide  is  insed  with  a  mixture  of 
eau§tk  wda  and  carbonate  of  sodium^  part  of  the  copper  is  reduced.  The  same  reducing 
action  is  exerted  by  a  mixtoio  of  carbonate  of  sodium  and  charcoal,  whereas  carbonate  of 
sodium  or  potash  alone  has  no  effect.  When  100  pts.  of  cuprous  sulphide  are  ^ised  with 
70  pts.  of  dry  carbonate  at  sodium  and  with  charcoal^  one  half  of  the  copper  ia  reduced^ 
and  the  rest  combines  as  sulphide  of  copper  wilh  the  sulphide  of  sodium  which  is 
Ibnned.  When  1  pt.  of  cuprous  sulphide  is  heated  to  whiteness  with  4  pta,  of  carbonato 
of  aodiimit  in  a  crucible  lined  with  charcoal,  nearly  aU  the  copper  is  rrduced-  100  pts, 
of  eitprous  sulphide  ignited  with  400  pta.  of  diy  carbonate  of  sodium  and  30  or  40  pta, 
of  ifVO,  yield  at  most  GO  pts.  of  copper.  AIho,  when  cuprous  sulphide  is  heated  to 
whiteness  with  baryta  or  lime  and  charcoal,  part  of  the  copper  is  reduced,  and  sulphide 
of  copper  and  barium  or  calcium  formed  at  the  same  time  (Berthier,  Ann,  Ch.  Phys. 
xxxiii,  160).  When  cuprous  (sulphide  is  fused  withpro^art'i?  of  lead,  the  mass  boils  up 
and  yields  sulphurous  anhy^lride,  cuprous  oxide,  which  combines  with  the  undecomposed 
leadn^xide^  forming  a  red  shining  slug,  and  metalhi?  leiid ;  100  pts,  of  cuprous  sulphide 
aodSOO  UthargSf  yield  104  pts.  of  copper  contjiininglead.  With  from  300  to  500  [its*  of 
lHhaise,  a  gfy»  semidiictile  alloy,  rich  in  lead^  is  obtained.  When  1000  pts.  of 
lithai^i!'  aro  nsed,  2 90  pts.  of  ductile  lead  separate  out,  and  2500  pts,  of  litharge  yield 
385  pts,  of  lead.  It  is  only  th*^refore  with  this  last  proportion  that  the  whole  of  the 
sulphide  of  copper  is  resolved  into  sulphurous  anhydride  and  cuprous  o-:dde ; 

Ctt^S  +  3Pb»0  -  Ctt*0  +  SO*  +  Fb» 

Aeooidingly,  160  pts.  {I  at)  Cu*S  shonld  separate  624  pts.  (6  at)  of  lead  -  lOOi  WO 
(Berthier^  Ann,  Ch.  Phyi*  Ixxxix,  246).  Metallic  lead  exerts  no  deeomposiug  action 
OB  en^foos  sulphide  when  fused  with  it  (Kiiriten),  Cuprous  sulphide,  ipnited 
with  wpricoxidt  is  easily  converted  into  sulphurous  anhydride  and  metallic  copper,  or 
atprotts  oxide.  I  at.  Cu"*S  and  2  at.  Cu-0  are  completely  converted  bto  sulphurous 
annydride  and  copper : 

Ca«S  +  2Cu^0  T^  Cu  ■  +  SO'. 

WiUi  6  at  Cu*0,  the  only  products  ore  sulphurous  anhydride  and  cttprons  oxide: 

Cu^a  +  6Cu*0  ^  4Cu*0  +  SO^ 

Any  eaceev  of  cuprous  giilphido  remains  un decomposed.  IkR-Ullie  inm  dwom|X>Bea 
eaprous  salphidci   though  very   imperfectly,  yielding  copper  containiug  iron,   iron 
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contaiiiiitt  eoppec,  ftnd  ntlphide  of  copper  and  iron.    Ferric  oxide  exerts  but  a  alight 
deeompoauig  action,  and  ferrooB  silic&te  noiie  at  alL    (Gm.  r.  ^10 

Pol$§uFpkid€9  of  copper, — Ad  ftqaeovs  aolutioo  of  {>entanLlphid«  of  potaannm 
famw,  with  eapric  salts,  a  Uver-coloured  precipitate,  coosistijig  of  Cii*S*,  wluch  tama 
black aftd*  dijmg,  ianot  altered  hj  espoovre  to  the  air«  or  by  washiog  irith  boiling  water, 
and  when  recen^  precipatated  diaBolTes  in  aqaeoua  carbonate  of  potaaaitmi,  forming 
a  brown  aoIiition.*->Tbe  dimlpbide,  triBiilphide,  and  tetrs^alphide  of  potassiam,  form 
with  cuprie  aalta,  predpitatea  of  the  same  colour,  likewise  foluble  in  carbonate  of  po* 
taasiam,  and  consisting  either  of  the  compoanda,  Cu^^  Cn^t  and  Ca^\  or  of  niix* 
tnrea  of  Cu^  and  Cn^.     (B e  rze  1  i n  s.) 


Sttlpt&idtta  of  (Sopper  •&(!  Ilwtlimmy.  a,  Wolfihergitt.  Antimonitd 
Otfpprr^  ChalcostibiUit^  Kup/trantimonffians. — A  mineral  oeettmng  at  Wolfebei^  in 
thenars,  and  at  Giiadix  in  Spain,  in  small  ajggregated  tabttlar  prisms  of  the  tri- 
metric  ajBtem,  exhibiting  the  faces  oP,  oe  P  ,  (u  ^2  .  a>  J^  oe-  Inclination  of  &oe8 
<»P:obP-10P;  a.P2  :  oo  P2  -  13S^.l2';  00^2  :  »  t »  -  U2«  24'.  Clearage 
fery  distinet,  parallel  to  oo  I*  v ;  less  distiiiet,  parallel  to  oP.  Specific  grarity  4748. 
H^daess  —  3^4.  Lustre  metallic  Streak  black.  Colonr  betwQien  lead-  and  iron* 
grej-.  Opaque*  Fracture  ooncboidaL  Before  the  blowpipe  it  decrepitateii,  fnaes 
readily*  and  on  charcoal  gires  f^ea  of  antimony ;  after  strong  heating  with  soda,  it 
yietds  a  globule  of  copper. 

Tha  mineral  la  a  cuprous  sulphantimotiite,  Cu^SJb^S*.  or  ^52  (s*. 


H-  Bom. 

Th.  Ricbler. 

24-46 

Gitodm, 

Cu»        .        . 

.        .     -ii^ 

25-61 

25-36 

8b 

.     120-3 

4856 

46'«1 

48-30 

8«          .        , 

.       64-0 

2683 

26  34 

u-n 

Iron 

*         ♦       .     ♦ 

^     ^ 

1-39 

1-28 

Lead     . 

0-56 

247-6 

lOO'W 

m-56 

10018 

b,  Wotchite.    Antimonial  Copper-glance^  AntimonkupfergJnne.^^A,  mineral  occur- 
ring in  the  iron  mines  at  St.  Gertrand.  Carinthia,  in  short  rhombic  prisms,  clearing  im* 
SsrfectJy  parallel  to  the  brachy diagonal ;   also  massiTe.     Specific  gravity   5*7^ — i*94. 
ardnesa  ~  3.     Fracture  conchoTdal  to  nnereQ.     Brittle. 
The  analyses  of  this  mineral  difer  widely,  as  tJie  following  table  will  show :  — 


Sdiriktef. 

Sulphur 28-60 

Copper 17*36 

Antimony    .         .         ,         ,         .         .16-65 

Arsenic 603 

Lead 2900 

Iron 1-40 

99-93 


Runmelibcrg. 
16-81  15-23 

42-83  43-69 

24-41  24-46 


15-59 

0-36 

lOO-OO 


1615 

100-11 


The  mineral  is  probably  nothing  but  a  partially  altered  Boomomte  (i  651).  (Ram* 
melsbera,  pw  80;  Bana^  ii-  82.) 

For  ^k^Sulphantimoniteg  of  copper  and  iron^  &cu,  see  TKTBAHxnBmu 

Snlplitdea  of  C<»pper  and  Armenie* — None  of  these  compounds  occur  as 
natumi  minerals  (im^  8rLFHAi]LSB?iiT£s  njid  Sulfhassekates,  l  390,  393).  In  many 
TBri*'lieK  of  p^y  copp^^r  the  antimony  is  partly  replaced  by  arsenic.  (SeeTmfNAKTiTa.) 

•ulpMdea  of  Copper  asd  Slaoiiitla.  iz.  Tanneniit,  KupfemdimitihgUns. — 
Oeenn  at  TaxmenbaDm^  near  Schwafzei^berg  in  the  Engebijgt  io  thin  striated  prismt^ 
«|ipanntly  trimetnc  Lustre  bright  metalEc.  Colour  greyish  to  tin-white.  Heated 
in  an  open  tube  it  yields  sulphur*  Before  the  blowpipe  on  charcoal,  it  fuses  easily 
with  intumescence^  and  yields  with  soda  a  globule  of  copper.  Bissolres  in  nitric  acid 
with  deep  bluish-men  colour. 

Schneider  found  in  this  mineral  (mean  of  two  aDalyses)  19*83  per  cent.  S,  62*16  Bi, 

and  18-72  Cu,  which  agrees  very  neiirly  with  the  formula  Cu^8.BiS\  or  S^!  [s»  (cal- 
culation 1908  S,  62  01  Bi,  1891  Cu).  The  niinera]  is,  thcrefbre,  analogous  in  consti- 
tution to  Wolfsbergite.     (Rammelsberg,  p.  103  ;  Dana,  iL  73.) 

6.  Wi tiichenitK  Cupreom  Bi^muik,  Kupferwism utft^jt, — A  mineral  found  in  the 
cobalt  mines  near  Witticnen,  in  Baden,  sometimes  massive  and  disseminated,  some- 
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times  in  coarse  colamnar  shapes,  or  aggregates  of  imperfect  prisms  (trimetric  ?),  deav- 
ing  in  one  direction.  Specific  gravity  «=  6.  Hardness  =  Z'6,  Colour  steel-grey  or 
tin-white,  tarnishing  pale  lead-grey.  Streak  black.  Fuses  easily  in  an  open  tube, 
yielding  sulphur  and  a  white  sublimate.  On  charcoal  before  the  blowpipe  it  decre- 
pitates, melts,  forms  a  yellow  deposit,  and  after  reduction  with  soda  a  globule  of 
copper.  Boiled  with  hydrochloric  acid  in  a  flask,  without  access  of  air,  it  dissolves, 
with  elimination  of  sulphuretted  hydrogen,  to  a  nearly  colourless  liquid,  a  certain 
quantity  of  admixed  metallic  bismuUi  remaining  undissolved.  If,  on  the  other  hand, 
the  air  has  access  to  the  liquid,  the  metallic  bismuth  likewise  dissolves  after  a  while. 
Nitric  acid  dissolves  the  mineral  with  separation  of  sulphur. 

The  analysis  of  this  mineral  by  Schneider  (Pogg.  Ann.  xciii.  305,  472),  after 
deduction  of  the  admixed  metallic  bismuth,  gives  19*42  per  cent.  S,  43*05  Bi,  and 

37-63  Cu,  agreeing  with  the  formula  ZCu'S.BiS*,  or  ^p'|s«(calculation  19 -50 8,42*98 

Bi,  and  38*42  Cu).  Other  analysts  have  obtained  different  results,  because  they  over- 
looked the  admixed  metallic  bismuth  (Eammelsberg,  p.  104).  A  grey  massive 
mineral  found  in  the  Geistergang  at  Joachimsthal,  containing  9*94  per  cent  S,  30*74 
As,  45*31  Bi,  and  13*04  Cu,  appears  to  be  a  mixture.     (Kamm  els  berg,  loc,  cit.) 

Sulphides  of  Copper,  Bismuth,  and  Lead.    See  Needlb-obb. 

Snlplildes  of  Copper  and  Zron.  a.  Copper  Pyrites,  Chalcopyrite,  lowanitSf 
Cidvre  pyriteux,  Kupferkies,  CuFeS,  or  Cu^S.Fe*S*. — This  mineral  occurs  in  crystalfl 
of  the  dimetric  system,  oft^n  tetrahedraL  The  primary  form  P,  for  which  the  length  of 
the  principal  axis  is  to  that  of  the  secondary  axis  as  0*985  :  1,  the  an^le  of  the  ter- 
minal edges  s  109^  53',  and  of  the  lateral  edges  »  108^  40',  occurs  in  the  hemihe- 
dral  form  as  a  sphenoid  (see  Crtstalloorafhy),  both  alone  and  in  combination,  as 
in^.  145.  Cleavage  parallel  to  2P  oo,  but  generally  in- 
distinct Frequently  in  twins.  It  often  occurs  also  mas-  Fiff.  145. 
sive  and  impalpable.  Specific  gravity  4*1 — 4*3.  Lustre 
metallic  Colour  brass-yeUow,  subject  to  tarnish,  and 
oft^n  iridescent  Streak  greenish-black,  a  little  shining, 
opaque.  Fracture  concho'idal,  uneven.  Rather  sectile. 
It  decrepitates  when  heated,  acquiring  a  darker,  colour, 
and  sometimes  giving  off  a  trace  of  sulphur.  Gives  off  ' 
sulphurous  anhydride  when  roasted.  On  charcoal  before 
the  blowpipe  it  melts,  with  intumescence  and  sparkling, 
to  a  globule  which  is  dark  grey  within,  black  and  rough 
without,  and  is  attracted  by  the  magnet  The  roasted 
elobule  gives,  with  fluxes,  the  reactions  of  copper  and  iron. 
It  dissolves  in  nitric  acid,  with  separation  of  sulphur. 

Analyses.— a.  From  Raxnberg  in  the  Sayn  district,  crystallised  (H.Rose). — b.  From 
the Fiirstenberg  district,  crystallised  (H.  Rose). — c.  From  Orryarfvi,  Finland  (Hart- 
wall). — d.  English  ;  a  crvstallised,  /3  botryo'idal. — e.  AUevard,  D^partement  de  1'  Isire, 
massive  (Berthier).— /.  From  Kaafjoid,  Norway  (Malaguti  and  Durocher). — 
g.  Val  Castrucci,  Tuscany. — A.  Monte  Catini,  Tuscany.     (Bechi.) 


a 

h 

0 

a 

/3 

e 

/ 

9 

h 

Sulphur 

35*87 

36-52 

36-33 

3516 

34-46 

36*3 

38-76 

35*62 

3616 

Copper. 

34*40 

8312 

32-20 

3000 

31*20 

32-1 

32-73 

3409 

32-79 

Iron 

30*47 

3000 

3003 

32*20 

30*80 

31-5 

28-51 

30-29 

29-76 

Quartz. 

0*27 

0*39 

2*23 

2*64 

1-10 

. 

. 

. 

0-86 

101-01     100-03     100-79     100*00       97*56       99*9     100-00     10000       99-56 

The  formula  CuFeS  requires  34*59  per  cent  Cu,  30*52  Fe,  and  34-89  S. 

Copper  pyrites  is  the  principal  copper  oro  in  the  Cornish  mines,  where  it  occurs 
associated  with  tin,  purple  copper,  copper  glance,  galena,  grey  copper,  and  blende. 
The  Cornwall  copper  pyrites  is  not,  however,  a  rich  ore,  rarely  yielding  12  per  cent, 
generally  only  7  or  8,  and  sometimes  only  3  or  4  per  cent  of  copper.  If  of  a  flne  yel- 
low colour  and  yielding  readily  to  the  hammer,  it  may  be  considered  a  good  ore ;  but 
if  hard  and  pale  yellow,  it  is  poor,  from  admixture  of  iron  pyrites.  The  copper  beds  of 
Fahlun  in  Sweden  are  also  composed  chiefly  of  copper  pyrites,  which  occurs  there  in  large 
masses,  surrounded  by  a  coating  of  serpentine  and  imbedded  in  gneiss.  It  occurs  also 
at  Rammelsberg,  near  Goslar  in  the  Harz ;  at  Freiberg,  in  the  Bannat ;  in  Hungary ;  in 
Thuringia ;  in  &x>tland,  in  Kirkcudbright,  Wigtonshire,  Perthshire,  and  Invemesshire ; 
in  Tuscany ;  South  Australia;  and  at  numerous  localities  in  the  United  States. 

Copper  pyrites  is  distinguished  from  iron  pyrites,  which  it  somewhat  resembles,  by 
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itfl  inferiOT  hnr^oess;  it  may  be  cut  with  tbo  Icnife,  while  iron  pyrites  strikpa  fir©  with 
steel     It  diifc'ra  from  gold  in  being  brittle  ajid  attiicked  bj  nitric  acid. 

Cop[M?r  pyrites  changes  to  cupric  sulpbute  on  exposure  to  moiptiire,  especially  if 
heat^ ;  it  is  aomf times  also  altered  to  malachite,  coTellin,  chiysocolk,  black  copper, 
coppcr-glaiiee^  mid  omde  of  iron. 

h.  Purple  Copper,  Erube^te,  Vafiegatfd  Copper^  Liver-coloured  Copper  Ore, 
Phillipjtiit,  Bornitf  {Bunthipferers,  Buntcr  Kupferlaies,  Cwiwrtppiteux  kkpatiquf). — 
This  mini  ral  forms  crystals  belonging  to  the  monometric  or  regiolmr  eystem,  uamelyi 
the  cube,  octahedron,  rhombic  dodecahedran,  and  intermediate  forms.  CleftTRge 
octahedral^  indistinct  Twin  pryst-als  are  of  freqnent  occunponce;  also  nnperfect  ctja- 
tallisationa^  with  granular  strongly  connected  atmctufc.  Specific gniTity  =  4 '4 — 5003. 
Hardness  =  3.  Lustre  metallic;  Colour  between  copper-red  and  pinchbeck-brown, 
quickly  acquiring  a  parti-coloured  tamisb.  Streak  pole  greyieli  black,  slightly  shiniMg; 
Fracture  amaU  eonehoidal,  tmeven.     Brittle. 

Purple  copper  does  not  give  off  sulphur  when  ignited  in  a  test-tube,  but  when  heated 
in  a  tub**  open  at  both  end»„  it  yiehiii  a  lai^e  quantity  of  aulphurous  anhydride,  but  no 
flubUmate.  Heated  on  charcoal  before  the  blowpipe,  it  acqnirea  a  dark  tAmish,  then 
becomea  black,  and  red  on  cooling.  AX  a  somewhat  stronger  heat,  it  melta  to  a 
brittle  globule,  which  becomes  magnetic  after  sufficient  blowing,  and  appears  greyish- 
red  on  the  fractured  surface.  WUen  roaste^l  for  a  considerable  time,  and  then  treated 
with  a  fsmali  quantity  of  bonut,  it  yidda  a  button  of  copper,  and  if  fui^ed  with  carbonata 
of  sodium  after  the  uulphur  ls  completely  expelled,  it  yields  separate  granules  of  copper 
and  iron.  After  roasting,  it  exhibits  with  fluxes  the  reactions  of  cwprie  and  feirio 
oxidea.     When  moistened  ^ith  hydrochloric  acid,  it  coloura  the  blowpipe  fiame  blue. 

Ther«  aro  several  varietiea  of  purple  copper.  liammelaberg  {Mineridchmde^ 
p.  114)  airanges  them  in  three  groups,  containing  respectively  from  56  to  56  per  cent^ 
60  to  64  per  cent,  and  70  per  cent  copper, 

1.  Purple  co|jper,  containing  from  o6  to  68  per  cent,  copper. — a.  CryBtallised,  from 
the  Condurra  mine  near  Cambern,  Cornwall,  b.  Crystallbetl,  from  Redruth,  in  Cornwall 
(C  h  adn  e  w).  c.  Crystallised,  of  unknown  origin  ( V ar r e  n  t  r  a  p p).  d.  MiiBsiTe,  from 
Monte  Cattini  in  Tuscany  (Bee hi),  e.  Massive,  from  the  Miirtenberg  mine,  DtUamei 
Sweden.    (P  latin  er.) 


a. 

k 

c. 

d. 

e. 

Snlphnr 

.        ,     28'24 

26-84 

20*&8 

2492 

25-80 

Copper. 

•    56-76 

6789 

58-20 

6688 

6610 

Iron 

.     14-84 

14-94 

1484 

18-03 

17'36 

09-84 


U9-07       10002         98'83 


99-26 


2.  Containing  from  60  to  64  per  cent,  copper. — f.  From  Ferriccio  in  Tnscany 
(Bechi).  g.  Fn-^m  Miemo  in  Tuscany  (Bechi).  A,  From  Coquimbo  in  Chili 
(Bocking).  L  From  Kosa  Island^  Killamey  (Phillips),  j.  From  St  Panerace, 
D^partement  de  TAude  (Bt^rthier).  k.  From  Bristol,  Connectieut  (Bodemann). 
/.  From  tbe  Wortzkiseh  mine,  on  the  White  Sea  (Plattner).  m.  From  Vestanfbwt 
Kirehspiel,  We^tmanland,  Sweden  (Hi  singer).     ».  From  Siberia,     (R  Br  an  das.) 


/- 

g. 

k 

i. 

i- 

it. 

I 

m. 

n. 

Sulphur 

24-70 

2S-98 

26-46 

2375 

24-0 

26"70 

2606 

24-69 

22*44 

Copper . 

6001 

G016 

6080 

6107 

62-3 

62*70 

63*03 

63*33 

63-86 

Iron 

1589 

1609 

13-67 

14-00 

13  7 

U-63 

11-66 

11*80 

13'2l 

10060 

99-23 

09-93 

98-82 

1000 

99-93 

99-66 

99-82 

9951 

22-3 

700 

7-0 

20-0 

70-0 

7-9 

22'5S 

71*00 

6*41 

99^3 

97"9 

09*99 

3.  ConfainingTO  per  cent,  copper.-^ o.  From  Eisleben  (Plattner).  |>,  FromMonts 
CsJitelli,  Tuscany,  q.  From  Nadaud,  France  (Be rthier),  r.  From  aongershansen, 
near  Eialeben.     (Plattner.) 

o. 

Sulphor        .        .        .         ,     22-66 

Coppiir  ....     69-72 

Iron     .        ,        .        ,        *      7*64 

99*91 

Rammelsberg  regards  the  sereral  varieties  of  purpU  eopper  as  isomorphons  mii- 
tarea  of  the  compounds  3Cu*S.Fe^8',  and  wCu*S.Fe*S,  It  n  ^  0,  this  fonnula  is 
reduced  to  3Cni*S.Fe*S',  wbieli  requir^^s  28'04  per  cent  B,  55*60  Cii,  and  16*36  Fo, 
agreeing  nearly  with  analyais  a  of  the  mineral  from  the  Condurra  mine.  Any  ralue 
of  «  greater  than  2  increases  the  proportion  of  copper ;  n  =  3  gives  25'67  per  cent.  S» 
60'85  Cu  and  13  48  Fe,  which  is  very  nearly  the  composition  of  the  minerals  A,  i,  J; 
and  »  -  11  requires  22-62  per  cent  S^  7«>*40  Cu^  and  6-68  Fe,  which  is  nearly  the 
composition  of  tho  specimens  o,  r. 
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Pniple  copper  occurs  associated  with  other  copper  ores.  Crystalline  varieties  are 
found  in  Cornwall,  mostly  in  the  mines  of  Tincroft  and  Dolwath,  near  Redruth,  where 
it  is  called  by  the  miners  "  horse-flesh  ore."  Massive  varieties  are  found  in  Roes 
Island,  Killamey,  in  the  cupriferous  shale  of  the  Mansfeld  district,  also  in  Norway, 
Siberia,  Silesia,  the  Bannat,  and  in  PennsylTania,  New  Jersey,  and  Connecticut. 

c.  Cuban.  This  mineral,  found  at  Barracanao  in  Cuba,  is  also  monometric,  occur- 
ring in  cubes ;  also  massive.  Colour  between  bronze  and  brass-yellow.  Streak,  dark, 
reddish,  bronze,  black.  Specific  gravity  =  4-026  (Breithaupt) ;  4*169  (Booth). 
Hardness  =  4.  Melts  easily  before  the  blow-pipe,  giving  off  fumes  of  sulphur.  The 
following  analyses  have  been  made  of  it  (deducting  silica) : 

Scheidchauer.  Eastwick.  Stevenf.  Magee. 

Sulphur 3478         39-93  4011  4019 

Copper 22-96         2026  21-46  20-71 

Iron 42-61         3890  89-66  3941 

100-25         9909  101-12  10031 

The  first  analysis  agrees  nearly  with  the  formula  Cu'Fe^S*,  or  ^-p  20  [  Fe^S*,  which 

requires  35-38  per  cent.  S,  23*38  Cu,  and  41*24  Fe ;  the  others,  which  contain  a  much 
larger  quantity  of  sulphur,  approach  more  nearly  to  the  formula  Cu*S.Fe*S*,  which  re- 
quires 42-21  S,  20*84  Cu,  and  36*94  Fe.     (Rammelsberg,  p.  118,  Dana  ii.  681.) 

d.  Copper  regulus.  It  has  already  been  mentioned  that  the  reguli  produced  in 
copper-smelting  consist  essentially  of  cuprous  sulphide,  Cu^S,  associated  with  sul- 
phides of  iron  (ii  27—31  and  34,  36).  Field  (Chem.  Soc.  J.  zv.  126)  regards 
all  copper  reguli  as  compounds  of  cuprous  sulphide  in  various  proportions  with  1  at 
Fe*S»,  1  at.  Fe*S,  and  2  at  Fe*S.  The  following  table  exhibits  the  composition  of 
some  samples  of  furnace  reguli  at  different  stages  of  the  smelting  process,  as  compared 
with  this  theoretical  view.  The  first  is  clean  regulus  from  a  furnace ;  the  second  is 
the  same  after  some  hours  roasting ;  the  third  the  same  after  further  roasting  and 
skimming.     The  fifth  (with  8  at  Cu*S)  is  a  specimen  of  native  blue  sulphide. 

Composition  of  Copper  Regulus. 


Salphur 
Copper      . 
Iron 

With  3  ai. 
Cu^S. 

With  5  at. 
Cii^S. 

With   6  at. 
Cu<S. 

With  7  at. 
Cu<S. 

With  8  at. 
Cn<S. 

With  12  at. 
Cu^S. 

Calc. 

Exp. 

Calc. 

Exp. 

Calc.  1  Exp. 

Calc. 

Exp. 

Calc. 

Exp. 

Calc. 

Exp. 

27  06 
3609 
36-84 

27  08 
36-12 
36-78 

S.V43 

46-24 
88  32 

?5-27 
49  34 
28-19 

24-86 
49-74 
26-38 

24fl5 
49-71 
'26  34 

24-41 
.W-57 
23-00 

24-32 
52-48 
22-89 

2403 
54-93 
21-02 

24*12 
54-21 
21-13 

23  00 
61-34 
15-65 

22-90 
6I-;J4 
15-61 

COVFSSy  TBULVSZBB  or.    Pale  red  compound.     (Berzelius.) 

COVPBXf  xmrGSTATX  or.  Found  native  in  a  mine  in  Carrabas  County, 
Nort  h  Carolina.     (D  a  n  a,  ii.  602.) 

COFPSR*  VASABATX  Or.  Occurs  native,  as  Volborthite,  in  Siberia  and 
Thuringia.  Vanadates  of  copper  and  lead  are  found  in  the  Lake  Superior  region,  and 
in  Chile.    (See  Vanadates.) 

COPPBX*  VASZaaATBB.    Syn.  with  Pxthfle  Coffbb  (ii.  77). 

COPPBXf  VZTSBOV8.    Syn.  with  Copfeb-olancb  (ii.  74). 

COPPBR-BA8BS,  AMMOmACA^.  The  ammonio-chlorides,  iodides,  oxides, 
&c.,  of  copper  already  described,  and  likewise  certain  ammonio-copper  compounds  con- 
taining sulphuric  and  other  oxygen-acids,  may  be  regarded  as  salts  of  ammonium- 
molecules,  in  which  the  hydrogen  is  more  or  less  replaced  by  ammonium  and  by  cu- 
pricum,  or  cuprosum,  thus  [Am  =  NH*] : 

1.  Chloride  of  Cuprammonium)  i^8(^ci 

(ii.63)  .         .         .J  * 

2.  Sulphate  of  Cuprammonium     2NH'.Cu*S0* 


3.  Sulphate  of  Cupricum  and)   j^jp  (^«go« 

Cuprammonium       •  .     •> 

4.  Chloride  of  Ammo-cupram- ) 

moninxn .         .        •         •  ( 


2NH».Cua 


-  (NH»Cu).a 

^(NH«Cu)')q. 
""       (SOT  5" 

NH«Cu) 

Cufo* 
(S0«)") 

«  N(IPCuAm).a 
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5.  Iodide  of  Ammo-cupram- 

iDoulum  + 

6*  Bromatti  of  Anxmo-cupram-  J 

mouiani 


":1 
1 
1 


8. 


9. 


10. 


:! 


7.  Nitrate  of  Ammo-cupium 
monium 
Hydraf^  of  AraiDo-cupram-> 
mooium         .        <        .( 

Hyposulpliate   of   AnunoJ 

lodidfl    of  Ammo-cuproa- J 
ammonitiin     . 
IL  Hjdrate    of   Ammo-tricu 
prammoniiim 

12,  Chloride    of    Dmmmo-cu- J 

pnimmooium  (ii.  53)     .} 

13,  Sulplmto  of  Cupricuin  imd) 

Triammo^caprammoiiiuiii  y 

Bromide  of  Animo*dicu- ) 
pn>-diammonimn  (ii  52)  ( 

Bromitlo  of  Triammo-dicu-  i 
pro-diammonium  (ii.  52)  { 

Sulphate  of  Triammo-dicu-  j 
pro-diammoDium    .        .( 


14 


15 


10 


2NH».CuI 
2NIP.CuErO» 


2NHlCaN0« 


4NH*.CuK)   +  4H»0 


4NH»,Cii^SH}- 
2NH".Cii1 

4im».3Cii^  +  eH»o 

SNn^.CuCl 


4NH«,Cu*S0^  -I-  H'O    = 
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PentammoniO'eupric  Suiphaift  or  Sulphate  of  Triammo-dicupro^di- 
ammoniu  m,  5NH'»Cu'S0*,  is  produced  when  anlijdrousciipric  sulphate  ia  exposed  to 
the  action  of  dry  ammonio^gas,  rapid  absorption  then  taking  place,  attfiided  with  rise 
of  temperatore  and  tumeftiction.  The  product  is  a  blao  powder,  whi(?b  melts  it  i 
moderate  red  heat,  ginng  off  a  lai^ge  quantl^  of  ammonliit  together  with  water  and  sol* 
phite  of  ammoniom,  and  leaving  cupric  sulphate  mixed  with  metallic  copper.  It  dia* 
Bolres  completely  in  water,  foimiiig  an  azore-blue  solutioQ.  (Bammelsberg,  Pogg, 
Ann.  JOL  160.) 

Teirammonio-cupric  Sulphate,  or  Sulphate  of  Cuprieum  and  Triam' 
m o 'C It pr ammonium,  4NH*.Cu^S0*  +  H'O,  also  call<?d  (htproenlpkate  of  ammonia^ 
Cuprum  aminoniacide,  Kupfermlmiakt  ia  produced  by  tneatin^  cryst^illised  cupric  eul- 
phatc,  either  pidTorised  or  dissolved  in  water,  witti  ammonia,  till  the  precipitate  is 
completely  redissolTed.  It  crystallisea  bj  evaporation,  or  better,  on  carefully  oorenng 
the  itoltition  with  a  layer  of  alcohol,  or  exposing  it  to  a  low  teiiip«iiiture^  in  long  thin 
priamatic  crystals  of  the  trimetric  system,  transparent^  and  of  dark  axure-bhie  colour; 
On  agitating  the  ammoniacal  solution  with  alcohol,  the  salt  is  precipitated  in  the  form 
of  a  blue  crystalline  powder.  It  must  be  quickly  dried  between  bibulous  paper,  and 
kept  in  well  dosed  vcssel^u  It  dlasoWea  in  14  times  itA  weight  of  cold  water.  Wben 
ej;p084*d  to  the  air,  it  gives  off  ammonia  and  leaTPS  a  green  powder,  whitjh  appears  to 
be  a  mixture  of  sulphate  of  ammouium  and  tetrabaaic  cupric  sulphate,  Cu*S0'',3Cu*0. 
When  heated  for  some  time  to  a  temperature  not  exccading  149^  C,  it  gives  off  2  aL 
ammonia  and  1  it  water,  and  Jeaves  sulphate  of  caprammonium : 

4l^H".Cu'«0^  +  H*0-{2NH*  +  H^)  =  (NH»Ou)'.SO*; 
and  this  residue  graduaUy  heated  to  205^  C.  gives  off  another  atom  of  ammonia,  leav- 
ing sulphate  of  cuprieum  and  cuprammonium,  {NH'Cu).Cu.SO* :  and  this  Again,  it 
gradually  heated  to  2r*0°  C  still  givfia  off  1  at.  ammonia,  and  leaves  moutnil  sulphate 
of  coppto",  Cu'^SO**  The  aqueous  solution  of  the  tetrammonio-cupric  salt  when  ex* 
posed  to  the  air,  di»poaita  tetrabasic  cnpric  aidphate,  which  is  likewise  precipitated 
when  the  sttlutiun  ia  largely  diluted  with  water.  Zinc  qtdcklj  precipjtat<»  me- 
tallic copper  ham  the  solution  ;  cadmium  and  lead  decompose  it  more  slowly ;  arsenie 
decomposes  it  completely,  forming  cnpric  arsenite ;  bismuth,  antimony,  tin,  and  iron 
have  no  effect  tipon  it.     (Qm.  v.  449,) 

Netttrai  Sutphate  of  CnprammoniuTjt,  (NH'Cu)',SO^  obtained  as  above  stated 
by  grfwiuaEy  heating  the  precfiding  salt  to  149*^  C.  ia  an  upple-grcen  powder,  which,  on 
ezposnro  to  the  uir,  absorbs  water  and  turns  blue.  If  moi9t*^ned  with  a  small  quan- 
tity of  water,  it  becomes  very  hot,  and  turiifl  blue  immediately.  An  cjicess  of  water 
decomposes  it  into  sulphate  of  ammonium,  tetrammonio-cmaric  sulphate,  and  tetrabasic 
capric  sulphate : 

^(N'HKhi^O*)  +  4HK)  ^  SN^H-SO*  +  (4NH».Cii*S0^H*0)  +  (Gu*S0\3Cu*0). 
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Sulphate  of  Cupricum  and  Cupr ammonium,  NH».Cu*SO*,  or  ^^^^^|  SO*, 

18  tlie  residae  obtained  bj  gently  heating  anhydrous  cupric  sulphate  saturated  with 
ammonia,  or  by  gradually  heating  tetrammonio-cupric  sulphate  to  149°  C.  (Q-m. 
T.  460.) 

DiammoniO'Cuprie  Nitrate,  or  Nitrate  of  Ammo- cupr ammonium, 
2NII'.CuN0*,  is  obtained  by  saturating  a  hot  concentrated  solution  of  cupric  nitrate 
with  ammonia-gas,  and  leaving  the  solution  to  crystallise  by  cooling.  It  forms  blue 
needle-shaped  ciystalfl,  which  give  oflf  a  little  ammonia  when  heated,  but  no  water  if 
it  has  been  previously  well  dried.  At  a  higher  temperature  it  explodes.  It  dissolves 
easily  in  water ;  a  small  quantity  of  acid  added  to  the  solution  urows  down  a  basic 
cupric  nitrate.     (Gm.  v.  456.) 

Br  ornate  of  Ammo-cupr  ammonium,  2NH'.CuBrO*,  is  precipitated  in  dark 
blue  needles  aind  as  a  cxystalline  powder,  on  adding  alcohol  to  an  ammoniacal  solution 
of  cupric  bromatc.  It  turns  green  when  exposed  to  the  air,  dissolves  in  a  small  quan- 
tity of  water,  but  is  decomposed  by  a  larger  quantity,  with  precipitation  of  cupric 
hydrate.     (Gm.  v.  463.) 

The  corresponding  iodate  is  formed  in  a  similar  manner. 

Tetrammonio-cupric  Hypoeulvhate,  or  Hyposulphate  of  Ammocupram- 
m on  turn,  4NH'.Cu*S*0*,  is  produced  by  supersaturating  a  somewhat  dilute  solution 
of  cupric  hyposulphate  with  ammonia.  It  crystallises  in  azure-blue  rectangular  tables, 
permanent  in  the  air,  sparingly  soluble  in  water.     (Gm.  t.  448.) 

The  following  salts  have  lately  been  obtained. 

Silicate  of  cuprammonium (NH*Cu)*Si'0* 

Tungstate  of  cuprammonium (NH*CuyW*0«  +  WO 

Metantimonate  of  cuprammonium  ....  (NH*Cu)*Sb-0^  +  4H*0 

Pyrophasphate  of  cuprammonium   .         .         .         .  (NH'CuyP*0*  +  H*0 

Orthophosphato  of  cupricum  and  cuprammonium     .  (NH*Cu)*Cu.PO* 

Arsenate  of  cuprammonium (NH'Cu)^.AsO«  +  H*0 

Acetate  of  cuprammonium C«H*(NH»Cu)0»  +  H'O 

Tartrate  of  cuprammonium C5*H*(NH*Cu)*0« 

Tartrate  of  ammocuprammonium    ....  C*H*(NH*AmCu)K)* 

Succinate  of  ammocuprammonium  ....  C*H\NH*AmCu)0* 

Anisate  of  ammocuprammonium      ....  C*H'(NH'AmCu)0»+ H*0. 

Thew  salts  are  obtained  either  by  saturating  cupric  salts  with  ammonia,  or  by  de- 
composing monammonio-cupric  sulphate,  NH'Cu^SO*,  with  barium  salts. 

Ethylaminc  seems  to  form  cuprammoniums  of  analogous  composition.  (Hugo 
Schiff,  Compt.  rend.  liii.  410  ;  Ann.  Ch.  Pharm.  cxxiii.  36.) 

COnSR-TSOTB.  A  basic  arsenate  of  copper,  Cu*AsO*.2CuHO  +  J  aq.,  also 
called  Tyrolite  and  Pharmacoeiderite,  found  native  at  Falkenstein  in  the  ^tytol,  and 
other  localities.     (Sec  Ttbolite.) 

COPVZB^OZhAJrCB.    Native  cuprous  sulphide  (ii.  74). 

COPyirW^OTi  a  WCa,  AVTZMOirZAXi.     (See  iL  76.) 

COVFSSy  OSSSVf  or  Chryeocolla,  A  native  silicate  of  copper,  Cu^iO'  +  aq., 
occurring  in  Cornwall,  Hungary,  Siberia,  South  Australia,  &c.,  and  used  aS'  an  ore  of 
copper.     (See  Shjcates). 

COPPaB»BfZCA«  This  term  is  applied  to  two  very  different  substances,  viz. : 
\.  A  native  arsenate  of  copper  of  somewhat  variable  composition  (Cu*AsO*.6CuHO  + 
xaq.),  also  called  Tamarite  and  Chalcophyllitc.     (See  Tamabitb). 

2.  A  cuprous  antimonite,  3Cu*0.Sb*0*,  or  Ccu'SbO*,  which  is  sometimes  found  in 
refined  copper  prepared  from  antimonial  ores,  and  renders  it  more  cold-short  than  red- 
short.  When  copper  of  this  description  is  dissolved  in  cold  or  slightly  warmed  nitric 
acitt  the  cuprous  autimonite  is  left  behind,  in  very  thin,  regular,  six-sided  laminae, 
tranjilncent,  having  a  gold-yellow  colour,  and  becoming  brown  and  opaque  while  hot 
In  the  flame  of  the  oxyhydiogen  blow-pipe,  they  melt  to  a  black-brown  glass.  With 
borax  they  exhibit  a  slight  intumescence,  and  form  a  yellowish -brown  glass,  turning 
greenish-blue  when  mix^  with  nitre.  Strong  hydrochloric  acid  dissolves  them  more 
completely  than  any  other  acid.  The  compound  gave  by  analysis  (deducting  small 
quantities  of  lead,  silver,  iron,  silica,  and  alumina),  67*68  per  cent  Cu^O,  and  42*32 
SVO*  (calculation,  68*64  Cu*0,  and  41*16  Sb*0*).  (Hausmann  and  Stromeyer, 
Schw.J.xix.241).  .     ^ 

Copper-mica,  nickeliferouM  (7CuH).6Ni»0).SbK)»?  This  compound  is  obtained 
from  copper  smelted  at  Ooslar.  After  the  copper  has  been  treated  with  dilute  nitric 
ari«i  the  copper  mica  is  freed  from  arsenical  oxide  of  antimony  —  proceeding  from 
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antimooide  of  cctppt^r  prGYioiiidjr  contAincd  in  the  copper^  and  decomposed  by  the  nitric 
acid  —  by  digesting  it  in  a  mixture  of  hydrochloric  and  tiirtaric  ucid.  In  tliis  mftnner 
100  p&vts  of  kigUj  micaceous  copper  yield  4"  16  pts.  of  pure  ex)pj>er-miea*  It  forma 
pule  greenish -yellow,  tranaliiceut,  strongly  lustrous,  regular  six-aided  laminxT,  which 
iLSsume  a  tratisi^nt  yellow  colour  when  heated.  This  compound  neither  fuses  nor 
Bnifora  any  alteration  at  a  red  heat.  With  carbonate  of  «oda  on  charcotvl,  it  yields  jn 
white  brittle  metal*  and  coven  the  chajcoal  with  antimonic  oxide.  Heated  in  the 
outer  blowpipc'fiame  with  borax  or  microcoemic  aalt^  it  dissolves  immediately,  and 
forms  a  light  green  ^lass.  It  is  acarcelj  attacked  by  acid%  excepting  by  eoncea- 
trated  hyditjchloric  acid,  which  dissolves  it  after  long  boiling.  When  hydrogen  gaa  is 
passed  oT«r  100  pts.  of  red-hot  copper-mica,  a  quantity  of  water  ia  obtained  corre- 
sponding to  1 8"  19  per  cent  of  oxygen*  (In  this  reaction  2 '5 5  pts,  of  the  mica^that 
whith  contains  only  nickel  and  no  copper — appti-ar  to  escape  decompcksition.)  The 
reaidue  is  baked  together,  but  still  retains  the  form  of  lamina? ;  it  may  be  decomposed 
by  nitric  acid  or  by  chlorine  i  in  either  casaj  the  pure  nickel-mica  remains  midecom- 
poaed. 

Nickelifeiroiis  copper-mica  giyei  by  analysis  (abstracting  the  niekel-mica)  44'28  per 
cent.  Cn*0,  30  61  NiH3,  and  2511  Sb»0",  the  above  formnla  requiring  45  13  Cn-O, 
3il"21  KiU  and  '24  06  Sb-O".     (Boncber,  Fogg.  Ann.  xli.  335.) 

CimBR»irXG£B£.    Native  ars^enide  of  nickel     (See  Kicksl,) 

CO^P&&-PTKXT£S.     (See  Suu'HEDEfl  of  Coppma  aud  luottf  iL  77») 

GOPFHIULS^     Protosulphate  of  iron,     (See  StrLPHATSS.) 

COFROltZTfiS.  The  excrements  of  extinct  animals,  found  in  lli^  quantities  in 
certain  gt?ologif?al  formations,  especially  in  the  lias.  Their  true  nature  wa»  first 
piiinted  out  by  Buekland.  They  consist  mainly  of  phosphate  and  CArbonate  of  cal- 
cium, the  miontity  of  phosphate  sometimes  amounting  to  between  80  and  90  per  cent. ; 
they  contain  atio  mogneiia,  oxide  of  iron^  Bilica,  water,  and  organic  matteTt  with  small 
qnantities  of  manganese  and  fluorine.  Their  composition  ia,  in  ^t,  rery  much  like 
that  of  bone^  the  honj  constituents  of  tbe  excrements  having  nested  the  action  of  de- 
composing agents  more  than  the  other  portions.  The  quantity  of  phosphoric  acid  in 
coprolites  renders  them  very  valnable  as  manure, 

Analysf^  of  Coprolites, 
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The  chalk  marl  and  adjoining  strata  are  also  very  rich  in  coprolites  and  other  pe- 
trifiictions  containing  phosphoric  acid,  as  shown  by  the  following  analyses  made  by 
Messrs.  J.  M.  Paine  and  J.  T.  Way  (Joom.  Boy.  A^.  Soc.  vol.  iz.pt  1) : 

a.  The  chalk  marl  with  fossils  containing  a  large  quantity  of  phosphoric  acid. 
6.  The  mari  itself  from  which  the  petrifactions  have  been  separated  by  siftmg.  c.  In- 
durated marl  and  small  fossils  which  remained  on  the  sieve,  d.  Marl  from  Bentley 
with  the  fossils,  e.  The  fossils  therefrom.  /.  Petrifactions  in  the  npper  marly  layer 
of  the  Upper  Oreensand.  ff.  Soft  amorphous  bodies  in  the  same.  A.  l^etrifactions  in 
the  Gaulty  very  rich  in  phosphoric  acid.  i.  Petrifactions  at  the  junction  of  the  Gault 
with  the  Lower  Greensand.  k,  A  conglomerate  of  petrifactions  with  sandstone  cement. 
L  Oreen  granules  from  the  Lower  Greensand. 

PetrifaeHoM  in  the  Chalk  Marl  and  a^oining  Strata, 
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See  C0NJTJOA.TED  Compounds  (iL  8). 

<MIQ,inMBlT&  White  Copperas, — ^A  hydrated  ferric  sulphate  found  in  the  dis- 
trict of  Copiapo  in  the  province  of  Coquimbo,  Chile,  apparently  produced  by  the  wea- 
thering of  iron  pyrites.  It  forms  crystals  belonging  to  the  hexagonal  system,  namely, 
tmaU  six-sided  prisms  with  truncated  pyramidal  summits,  00  P  .  P  .  oP.  Angle  of  the 
terminal  edges  »  128°  8';  of  the  lateral  edges  «  68°.  Clearage  imperfect^  parallel 
to  the  prismatic  faces.  Also  in  fine-grained  masses.  Specific  gravity  »  2 — 2*1. 
Hardness  »  2*26.  Colour  white^  inclining  to  brown,  yellow,  green,  and  sometimes 
Une.  Lustre  vitreous.  Transparent  or  translucent.  Taste  astringent  Before  the 
^wpipe  it  first  gives  off  water,  then  sulphurous  acid,  and  leaves  a  residue  of  ferric 
oxide.  It  dissolves  in  cold  water  and  in  hydrochloric  acid,  leaving  only  a  small  quan- 
tity of  silica.  The  aqueous  solution  deposits  a  laige  quantity  of  feixio  oxide  on 
boiling. 

Analyses  by  H.  Bose  (Pogg.  Ann.  xxviL  310) : 

S0«       Fe*0«     A1*0«    CaK)    MgH)    SiO«       HK) 
Ciystalline    .     43*66       24-11       0*92       0*73       032       0*31       30*10  «  100*04 
Granular       .    4366      26*21      0*78      0*14      0*21      0*37       29*98  -  100*24 

Tbew  analyses  agree  nearly  with  the  formula : 

FeH)«.3S0«  +  9H«0  -  Fe*(SO*)«  +  9H»0,  or/e«SO*  +  3H>0 ; 

[if /«  -i  |Fe  -  18|],  which  requires  42*7  SO*,  28-5  FeW,  and  28*8  water. 

The  same  salt  has  been  found,  also  in  hexagonal  crystals,  by  Scacchi  in  the  Phle- 
gnean  Fields,  together  with  Halotrychin.  Bammelsberg  (Mineralchemie,  p.  274) 
also  regards  as  coquimbite,  a  mineral  from  Coquimbo,  formeriy  called  Blakeite, 
analysed  by  Blake  (Joum.  Bost  Soc.  Nat  Hist.),  and  found  to  contain  41*37  per  cent 
S0».  26*79  FeH)!,  106  A1*0«,  0*30  MgH),  0*82  SiO«,  and  29*40  water,  which  agrees 
nearly  with  the  preceding  formula ;  but  it  crystallises  in  regular  octahedrons.  Dana 
suggests  that  it  may  be  an  iron  alum. 

COMAOVTMi  A  mineral  found  on  the  north  coast  of  Lake  Superior,  where  it 
forms  beds  2  inches  thick  in  syenite.  It  is  amorphous,  with  rough,  conchoidal, 
resinous  fracture.  Colour  black  with  gprey  streak.  Specific  gravity  4*378.  Hard- 
ness 4*6.  Heated  alone  before  the  blowpipe  it  remains  unaltered ;  with  fiuxee  it  gives 
the  reactions  of  uranium.  It  appears  to  be  a  variety  of  pitchblende,  in  which  the 
vanic  oxide  is  portly  replaced  by  alumina  (Leconte,  oilL  Am.  J.  [3]  iiL  173; 
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Jahreaber.  d  Cbeiru  I  18i7-48,  1167).    An  analyais  bj  Whitney  (SilL  Am.  X  [2] 
Til,  434)gaTc: 


TJ*0' 

A1^0» 

Fe*0' 

Pb*0 

Ca^O 

C0» 

SiO« 

HO      Total, 

6930 

090 

2-24 

636 

1444 

7-47 

4*36 

4-04  *  0870 

CO&JilL*  Coral  rocks  eousist  mainly  of  carbonate  of  calcium,  with  rariablfl 
qnantitit^s  of  carbonato  of  magncs^ium  and  organic  matter,  and  smaU  quantities  of 
pbotiphivt**,  tinlpbate,  aod  fluoride  of  calcium,  altailine  chlorides,  03tidc  of  iron  and 
tilica.  Silliman  found  in  fresh  corals  only  I  per  cent,  of  roagneaia,  but  in  dcoeo  coral 
rock  the  carbonate  of  uiagncsiuni  waa  found  to  amount  to  38  07  per  cent  Another 
rock,  oonsieting  of  the  d^d>m  of  corals  contained  629  per  cent  carbonate  of  magnesium. 
The  presence  of  the  magnesia  appears  to  be  due  to^  a  double  decomposition  taking 
I^oe  between  the  original  carbonate  of  calcium  of  tie  rock,  and  the  magne4«ian  salts 
in  8ea-water»  a  ppoc*!ss  which  likewise  contribute  to  the  hardening  of  the  rock. 
(Jahreibcn  d,  Chem.  1847—8,  129L) 

B.  Silliman,  jun.  (Sill  Am.  J.  [2]  xil  174),  found  in  a  considerable  nuni'^ier  of 
reef-forming  eondfti,  from  2*11  t^  9*43  per  cent  organic  matter;  the  residue  left  after 
the  removal  of  this  contained  from  97  to  09  per  cent  carhonate  of  calcium,  together 
with  soluble  silica,  lime  probably  in  combination  with  Bilica,  alao  carbonate  of  magne- 
gium,  and  the  other  salts  alxive-mentioned. 

The  red  pigment  of  eorals  Is,  according  to  Trommsdorff,  not  ferric  oxide,  but  a  red 
rc«ln  soluble  in  oil  of  turpentine,  and  aftrr  r<  moval  from  the  coral  by  this  solvent 
eai«ily  soluble  also  in  ak^ohol  and  ether,  but  insoluble  in  caustic  potash.  In  a  ivd 
mafLrrpore,  Vauquelin  found  a  red  colouring  matter,  which  was  turned  Tiokt  by 
alkalis. 

The  organic  matter  at  the  etemfl  of  polypes  appears  in  some  caaos  to  conjdatof  ehititi 
OT  concbiolin. 

In  QfT&mum  noMlf-^  Forclihammer  found  2'13  per  cent,  in  Ms  ftippmiieSf  $'32 
per  cent*  carbonate  of  magnesium.  In  Ct^ralHum  rubrum  and  Madrcpora  aculata^ 
Stnitingh  and  Fyfo  found  a  trace  of  iodine. 

Respecting  the  composition  and  alterations  of  coml  rocks,  eee  also  Dana  (Sill.  Am. 
J-  [2]  Ti.  268V  Forch hammer  (J.  pr.  Chem.  tlWx.  62;  Chem.  Qaz.  1849,  411.)— 
B amour  (Ann.  Ch.  Phys.  [3]  xxxii.  362).  Buna  {iUd,  410).  — Alfo  Jahresbcr. 
d  Chcm,  1847—8,  p.  12Q1;  18I&,  p.  813  ;  1861,  p.  866;  1862,  pp.  958— 9GL 

f?1?y  II  TitiTW  II  0FFZCOrA£XS,  Nodtthiria  oJHcinalts,  Muse  us  eoralltfim  f. 
warimis^ — ^Tho  ehell  of  a  marine  radiate  animal,  formerly  used  in  medicine.  Accord- 
ing to  an  analysis  by  BoDTier(  Ann,  Cliim.  viii.  308),  it  consiats  of  61  6  per  cent,  cjirbo- 
Hftte  of  calcium^  7'4  carbonate  of  magnesium,  03  gypsum,  lO  ehlondo  of  sodium, 
0*2  ferric  oxide^  6'6  gelntinous  matter,  6  4  albumin,  and  ppol.>abl^  also  iodine  and 
IjKwnlnft,  It  was  MseA  comminuted  and  mixed  with  other  corals^  \m,  C./ra^ifissima, 
C.  cyUndrk4i^  C.  moniformM,  &e. 

COBBlEmXTS.     BjT^.  with  DioHnoyTB, 

CORI.AJn>EK,  OZ£ or.  (Tromm8dorff,ArckPharra.[2]ii.  114.-^Kawalicr, 
J.  pr.  Chern.  Ixviii.  226.)— Coriander  seeds,  the  fruit  of  C&rmndmm  sattintm^  contain 
about  0-37  per  cent,  of  a  Tolatile  oil,  besides  Ikt,  extraetiTe  matter,  &c.  The  Tolatile 
oil,  which  is  obtaintHl  by  distilling  the  biuiscd  fruit  with  water,  is  colourless  or  pale 
yellow,  has  an  aromatic  taste^  and  when  con  centra  ted,  smells  like  the  seeds,  though 
more  sgreeahly;  in  the  dilute  state  it  smells  like  orange-flowcra.  Specific  gravity 
§869  (Trommsdorff),  0871  at  14»  C,  (Kawalier).  It  dijaolves  in  ahokol,  ether,  and 
oil»,  both  liit'd  and  volatile.  It  explodes  Tiolently  nith  iodine.  With  strong  nitric 
acfd,  it  bedi-mes  very  hot,  and  forms  a  rcsinona  mass.  Strong  stdpkuric  acid  conTerts 
it  into  a  broTftTi-red  liquid,  which  carbonises  quickly  when  heated. 

Coriander  oil  is  a  mixture  of  several  oils,  and  appears  to  vary  in  composition.  It 
contains  a  voktile  oxygenated  oil,  and  a  less  volatile  oil  containing  little  or  no  oxygen. 
The  crude  oil  begins  to  boil  at  160^  C,  an  oil  then  passing  over  corresponding  in'com* 
position  to  the  formula  C^*'H"0,  or  C*if  "0'  i  afterwards  the  temperature  rise**  and 
a  Icfis  voldtilo  oil  distils  over,  containing,  according  t^3  Kawalit-r,  C*'lP'Of  or  pei'haps 
2C^H'\H0,  or  4C'*fl'*.H'(J.  The  crude  oil  distilled  with  phosiihorio  ankydrtda 
yields  a  distillate  of  camphene,  C"H**. 

Coriander-oil  saturated  at  a  low  temperature  with  ht/drochiaric  ofi'd  ga^,  formn  a 
twrmanent  liquid  hydrochlorate,  which  may  he  purified  by  washing  with  weak  soda 
ley,  and  drj-ing  over  elilorido  of  calcium.  According  to  Kawalier.  it  contains 
C««^*ae^,  or  perhaps  4(C»<'H"'.HCl)  +  H'O.  '         coniains 
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r^       A  ^^Tsf^lino  substance  said  to  exist  in  the  leares  of  Coriaria 
(Peichier,  Trommsd  N,  J.  xri.  67.) 
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.  The  ontep  bark  of  the  Querctu  svber,  a  tree  which  grows  to  the  height  of  30 
OP  40  feet,  in  the  South  of  Europe,  in  the  North  of  Africa,  and  in  the  Eaat  It  is  dis- 
tinguished by  peculiar  toughness,  softness,  and  elacticity,  which  render  it  indispensable 
for  a  Tariety  of  purposes. 

Co^  consists  for  the  most  part  of  a  modified  form  of  cellulose,  called  suberin^  which 
remains  behind  after  the  cork  has  been  exhausts  with  alcohol,  ether,  water,  and  sul- 
l^uric  acid. 

CheTreul  also  found  in  cork  a  fragrant  substance,  cerin  (i  830),  which  passed  oyer 
on  distilling  the  cork  with  water,  a  soft  resin,  a  yellow  and  a  red  colouring  matter, 
querritannic  acid,  gallic  acid,  and  a  brown  nitrogenous  substance,  together  with  07 
per  cent,  calcium,  salts  of  vegetable  adds,  and  4  per  cent  water,  whidi  is  given  off  at 
100°  a 

Cork  oxidised  with  nitric  acid  yields  oxalic,  suberic,  and  eerie  acids  (i  830). 
See  Asbestos  (i.  415). 


A  compact  hornblende  rock,  of  smooth  fracture,  extremely  tough, 
and  sonorous  when  struck. 


Native  chloro-carbonate  of  lead,  2PbCLPb*C0';   also 
called  cerusine.    (See  Lsad,  Ciilobidb  of.) 

COSVZV,  or  COBSrZO  AOZB.  A  crystallised  bitter  substance,  obtained  from 
the  root  of  C&mtis  fiorida^  by  exhausting  the  root  with  water,  mixing  the  solution 
with  moist  hydrate  of  lead,  evaporating  the  filtrate  to  an  extract^  treating  the  residue 
with  absolute  alcohol,  mixing  the  turbid  solution  with  ether,  digesting  the  filtrate  with 
carbonate  of  lead,  filtering  again,  distilling  off  the  greater  portion  of  the  liquid,  and 
leaving  the  remaining  turbid  liquid  to  evaporate.  Comin  is  then  deposited  after  12 
hours,  in  stellate  grou|»  of  delicate  crystals  having  a  satiny  lustre. 

Comin  dissolves  easily  in  water  and  in  alcohol,  sparingly  in  ether.  The  solutions  are 
not  precipitated  by  alkalis,  tincture  of  galls,  iron-salts,  barium-salts,  or  neutral  lead- 
salta,  but  give  precipitates  with  basic  acetate  of  lead,  and  nitrate  of  silver.  Comin 
does  not  exhibit  basic  properties ;  it  is  partly  separated  from  its  solutions  by  charcoal, 
either  vegetable  or  animal,  so  that  these  substances  cannot  be  used  to  decolorise  the 
•olationa.     (Geiger,  Ann.  Ch.  Phami.  xiv.  206.) 


A  name  sometimes  applied  to  the  compact  felspar  which  constitutes 
the  base  of  porphyry. 


rovZV.  A  resin  obtained  from  the  bark  of  an  East  Indian  tree,  called 
Ccroa  or  Camova,  It  is  brownish-yellow,  of  oily  consistence,  inodorous,  has  a  rough 
irritating  taste,  and  acid  reaction.  It  dissolves  easily  in  absolute  alcohol  and  in  ether, 
bat  not  moils.     (Trommsdorff,  Trommsd.  N.  J.  xxi.  2,  116). 


A  fine-grained  modification  of  gneiss,  occurring  in  Cornwall 
and  in  the  Erzgebirg.  It  is  of  a  dingy,  greenish,  yellowish,  or  reddish-grey  colour, 
striated  and  spotted.  The  stratification  is  indistinct,  and  recognisable  only  by  the 
layers  of  mica,  or  by  the  variations  of  colour  and  fineness  of  grain.  (Kopp,  Handw. 
d.  Chem,  ii  [3]  212.) 


The  following  species  of  this  genus  of  plants  have  been  chemically 
examined.     They  do  not  appear  to  contain  any  alkaloids. 

Comus  Jlorida. — The  bark  of  this  tree,  which  is  used  in  North  America  as  a  febri- 
ftige,  contains  a  bitter  crystalline  substance,  comin, — a  tannin  which  turns  iron- 
salts  blue,— an  indifferent  crystalline  resinous  body,— gum,  — a  small  quantity  of 
starch, — a  colouring  matter  containing  iron  and  manganese,  and  lime  and  magnesia 
in  combination  with  oxalic  acid,  and  perhaps  also  with  malic  and  phosphoric  acids. 
The  fruit  is  scarlet-coloured  and  very  bitter. 

Camus  mascula,  —The  unripe  fruits  contain  a  large  quantity  of  tannin ;  the  riper 
fruits  are  sweet. 

Cvmus  §anguinea  {Doa-wood),— The  fruits,  which  are  very  bitter,  yield  oil  when 
pmsed.     (RochletUr*s  Phytochemie,  p.  115). 


An  arsenate  of  copper  from  Comwall,  containing,  accord- 
ing to  Lcroh,  30-21  per  cent  A»K)»,  216  PK>*,  64-61  Cu«0,  and  13-02  water,  therefore 
6CuK).As«0*  +  6H«0,  or  Cu»AsO*.Cu«0  -».  \W0.  Amorphous.  Dark  green.  Spe- 
cific gravity  «  4*166.    Hardness  ~  4-5  (Handw.  d.  Chem.  ii.  [3]  212). 

COSmiFZVXTArazc  AOm.  An  acid  obtained,  together  with  several 
other  substances,  from  the  bark  of  the  Scotch  fir  {Pinus  sylvestris).  Dried  in  vacuo, 
it  forms  a  red  powder  containing   C'^WOf  +  ZUO.    Its  aqueous  solution  formB 
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a  d(*ep  gre^n  colour  with  eeBqtiicliloride  of  iron.  (Kawalief,  Adjl  du  Pharm. 
butxviiL  360.) 

OORf  ZCHf.  An  fttnorplious  yellowish  BabBtance  cgcieting  ia  tlie  bark  of  tbe 
flspen  (Popuitis  irtmula),  aad  perhaps  also  in  other  barltB.  It  ii  tastelesa  and  inodoroas, 
tparingly  soluble  in  water,  casilj  in  alcohol  and  in  acetic  acid,  and  is  precipitated  from 
the  latt«r  solution  by  water  or  flnlphurie  acid-  (Braconnot^  Ann.  Ch.  FhjB,  [2] 
xHt,  296.) 

CO&trVDS^^ZTS.     Sec  MlBQA^nniL 

C0SUVll09B2&zm.  A  hydra t4?d  nilicate  of  alumimum  and  iron,  ibnnd  with 
cunuidam  in  Htelkte  gronpfi  at  Asbville,  Bnncomhe  Connty,  North  CaroHiuu  The 
eiTBtallme  form  is  j^aid  to  be  monoclinic.  An  analysiB  (mado  with  only  0*146  grm. 
of  material)  ga^^  3475  per  cent.  SiO",  3r26  Fe'O,  8  55  Al'CF,  6'47  water,  and  about 
2  0  per  e*nl.  aUcali,     (C  D*  Sbepard,  Sill  Am.  J.  [2]  xii  201.) 

CORinniirMC  Sapphin,  Jiul/i^,  Oriental  AmHh^sU  Oriental  Topas,  AdmnrniUne 
^pxir,  Koitn/,  (Ktrrufid,  Smiri^d,  Bcmantspath^  Sa/amstein,  Tclhif,  Corindon^  Mutk 
rfOrirwY).— Native  anhydrous  alumina,  A1*0".  CrystalliseK  in  the  hexagonal  ayatom, 
isomorphoua  with  the  seequioxidei  of  iron  and  chrominm.  Primary  form  an  acute 
rhomhohedron  IL  Numerous  combi nations  occur,  among  which  may  be  Mentioned 
E  .  oR,  {fiff^.  146.  147)  and  c»P2  .  oR  ,  K  .  iP2  {fy.  148). 


Fig.  140. 


Ftff,  147. 


Fiff.  148» 
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For  the  primliy  Ibim  K,  the  ral lo  of  the  vertical  lo  tlie  horizont^  axia  is  as 
1*3617  :  1.  An^a of  tlio  terminal  edgM  -  86^  6'.  For  5P2  the  angle  of  the  terminal 
edgea  —  128^  3',  and  of  the  lateral  edges  =  122^  18',  CleaTEige  im|Terfcct^  imrallel  to 
R  and  oB;  where  it  appears  perfect,  it  is  probable  that  fombination-facea  of  different 
indiriduala  are  present.  Twin  crystals  also  oceiir  united  by  the  fuicee  K  or  oR  {Koff^s 
Kr^fialloffraphir,  p.  21 1 ).  Corundum  oeeura  also  mosaivo,  granukr,  or  impalpable,  dlia 
in"layers,  from  composition  pai-allcl  to  K. 

Bpacific  gravity  =  3  9  to  4.  Hardness  ^  9-0.  Coloiir,  nearly  white,  grc^',  blue 
(sapphine),  red  (ruby),  Tiolet  yellow,  and  brown.  Lustra  Titreous,  sometimes  pearly 
on  the  basal  planes  oR.  Transparent  in  rarions  degrees  down  to  mere  tnvnslucenc© 
on  the  ddgaa.  Borne  crystals  exhibit  a  bright  opalescent  six*sided  star  when  viewed 
3D  the  direction  of  the  vertical  axis  ^asieriaj.  Fracture  conchoidol,  uneven,  or  8plinterj% 
Brittle. 

Corundum  is  infnsible  and  unalterable  before  the  blowjiipa.  The  powder  moistened 
with  eobalt-solntion  and  ignited  exhibits  a  fine  blue  colour*  With  liorax  it  slowly 
forma  a  clear  glass;  doea  not  melt  with  soda.  Insoluble  in  acids,  but,  by  fusion  with 
acid  sulphate  of  potassium,  it  ^elds  a  mass  easily  soluble  in  water. 

PuTO  corundum  conaiits  entirely  of  alnmina,  but  it  is  often  mixed  with  ferric  oxide^ 
titanic  add,  and  other  substances,  which  affect  its  colour  and  tmnsparency.  Preeiau* 
corundum  mdndeB  the  transparent  varieties  of  pure  and  brilliant  colour,  which  are 
cut  for  gems ;  the  blue  variety  is  sapphire,  the  red,  rubyt  the  yeUow  Oriental 
t op aa,  the  violet  Oriental  amethyst.  Common  corundum  indndea  the  opaqua 
varieties  of  less  pure  colouTp  via.  adamantine  spar,  which  is  crystaliised  and  yidda 
A  very  hard  tjowder^  naed  for  polishing  diamonds  and  otlier  gems,  and  en*  cry,  which 
has  a  crystallo-granular  structare,  and  is  used  in  like  manner  for  polishing  met^LK 
gtaas,  &c. 

The  following  are  analyses  of  corundum  by  J.  L.  Smith  (Sill.  Am.  J.  [2]  x,  354; 
xi  53;  Dana,  iL  112).     Mag.  atands  for  mu/fnetic  oxide  t»firon. 
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Comndnm  ocenn  aasodated  with  aystalline  rocks.  The  sapphire,  raby,  and  other 
forms  of  predoTis  oorondam,  are  obtained  chiefly  from  India,  China,  and  Cfeylon.  Sap- 
phire has  been  found  also  at  Newton,  New  Jersey,  and  a  fine  mby  in  Cherokee  County, 
Georgia  (U.  S.).  Adamantine  spar  is  obtained  from  China  and  from  the  Ural ;  emery 
from  the  island  of  Kaxos,  from  Smyrna,  from  Schwarzenber;^  in  Saxony,  from  the 
Ural,  Spain,  Qreece,  and  other  places.  A  boulder  of  blue  massiTe  corundum  has  been 
found  in  Buncombe  Counter,  North  Carolina.  Corundums  ^re  also  found  in  numerous 
other  localities  imbedded  in  granite,  gneiss,  syenite,  mica-slate,  dolomite,  basalt,  and 
other  rocks,  but  seldom  large  or  fine  enough  to  be  fit  for  gems. 

Corundum  sometimes  absorbs  water  and  changes  to  diaspore.  It  is  also  replaced  by 
siUca,  forming  quarts  peeudomozphs. 

COB'raA&m.  An  alkaloid  existing  in  the  roots  of  Corydalis  bulbosd,  C.fabacea^ 
and  Arisiolockia  cava.  It  was  disooTered  by  WackenroderTKastn.  Arch.  [1826]  Bd. 
Tiii),  and  afterwards  examined  by  Peschier  (Trommsd.  N.  J.  xiii  80),  Winckler 
(Pharm.  Centr.  1832,  p.  38),  Ruickholdt  (Ann.  Ch.Pharm.  Ixiv.  369),  andMiiller 
(Vierte^jahrschrift  pr.  Pharm.  viii  626). 

Preparation. — 1.  From  Corydalia  btUbosa,  The  juice  expressed  from  the  fresh  root 
is  coagulated  by  heat,  precipitated  with  neutral  acetate  of  lead,  and  filtered ;  the  lead 
is  separated  by  sulphuric  acid ;  and  the  corydaline  is  precipitated  from  the  filtrate  by 
ammonia,  then  dried  and  dissolved  in  12  to  16  pts.  of  alcohol  of  80  per  cent ;  and  tho 
solution,  after  being  digested  with  blood-charcoal,  is  filtered  and  evaporated  to  the 
oystallisin^  point  By  mixing  the  alcoholic  solution  with  a  large  quantity  of  water, 
tlie  coiydahne  ma^  be  precipitated  in  the  pulverulent  form  (Winckler).  Milller  ex- 
hausts the  root  with  water  containing  hydrochloric  acid ;  precipitates  tne  filtrate  with 
carbonate  of  sodium ;  redissolves  the  precipitate  in  hydrochloric  acid ;  again  precipitates 
with  carbonate  of  sodium ;  exhausts  the  washed  and  dried  precipitate  with  pure  oil  of 
turpentine ,-  and  agitates  the  oil  with  water  containing  hydrochloric  acid.  The  cory- 
daline then  dissolves  in  the  acid  and  may  be  precipitated  by  potash. 

2.  From  the  root  of  Aristolochia  cava.  The  root  is  exhausted  with  water  containing 
hydrochloric  acid ,-  the  solution  is  precipitated  by  carbonate  of  sodium  ;  the  precipitate 
treated  wi^  alcohol;  and  title  solution  left  to  crystallise  by  evaporation.  This  is  the 
easiest  mode  of  ureparation.    (Ruickholdt) 

Properties, — Corydaline  forms  light,  non-coherent,  greyish-white  masses,  which  stain 
strongly.  According  toMiiller,  itisa  loose  white  powder.  It  is  usually  said  to  be 
tasteless  and  inodorous,  but  according  toMuUeritis  bitter  when  moist  It  is  insolu- 
ble in  water,  but  easily  soluble  in  strong  alcohol  and  ether.  From  a  hot  saturated 
alcoholic  solution,  it  crystallises  in  shining  rhombic  prisms ;  by  spontaneous  evapora- 
tion  in  scales.  Corydaline  melts  at  100°  C.  (at  60<'--70*',  according  to  Miiller)  ;  when 
strongly  heated,  it  turns  brown  and  gives  off  water  and  ammonia.  Nitric  acid  colours 
it  deep  red,  the  colour  being  perceptible  even  in  very  dilute  solutions.  Sulphuric  acid 
dissolves  it  with  deep  yellowish-red  colour. 

Corydaline  gii«s  by  analysis: 
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62-4   . 

.   6-8   . 

.    4-3    . 

.   26-6     -     100(I)6bereiner). 
.    80-9     -     100  (Ruickholdt). 

60-2   . 
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Hflooe  hasft  ben  deduced  the  empirical  formultt  C^BUNO^*  (Ddbereiner); 
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COBYDALIS  BULBOSA— COTABKIC  ACID. 


C^S*^*C^  (Buieklioldt);  XUler, 
€7»i^S(^,  Hone  of  Hmm  CansBlK  ei 
tib«  acAljaet  vere  Bade  witL  purv 
I  vitli  acada^lk 

» (aeeovdiK  to  M  mliei; 

■npndp&tod  IrfidM- 
iMt  th«  pMopitate  f^iitiohnBi  ia 


!□■  ow 


ittboeiiM  procT  <faat 


■  \ffmmmgmMA;  akofexj 


(fimickiioldt).'  Tb»  1 1  iililii  pro 


lMper«ieaLH€l,aad 

witCTp  iDdii  tiicTClbrc  periaapB  C^S^NC^JtBO  *  HBO 

~  irS  vm  «nit.  vaier  ai  lOO"  O.  aDi  1^  twr 


aUmde. 


fifdvDdilanto  of  ecHTdiliae  fiiaai  a  visiie  InlkTmce^itate  witk 

Jetimti  rf  dorpfaiiK/  i>  tmmij  pahbtft  and  eryrtiillitabl^ ;  m>  Ukewke  is  Ute 


mifkttU;  with  exoesi  of  nlpbniie  add,  a  gsiiimj  add  nit  ta  olateiiiedlxi 

COKTHA^XS  BtrXiSOBA.  In  tlie  rootof  tlus  pUot,  €OTj^a^am  was  fiiat  Ibsnd 
Inr  WiackleTp  afU'nr&rds  famaiie  acid  bj  Wicke  (Aim.  CiL  fliam.  Ixzxto,  2S€). 
MttUer  (Victtfdjahr,  pr,  FltaziiL  riiL  i36),  iHia  liaa  fTaiiiiiifld  tha  root  more 
auBUteij,  fiada  no  imamne  sad.  Bf  diatiUiBg  tiia  loot  wilb  vater,  lie  obtaiiied  a 
valadle  oil  and  aeetk  acid ;  eUier  extradad  horn  1^  dried  loot  f^t  pla,  oooaiatii^  of 
fiolowriaf  auitfcr^fixedoQ,  nauvaDdaaiaUq[iiaaA]lf  ofeoi^^  aleoliol  c£b«eted 

24*6  pla.  (eoiydaliike,  renn,  diti^  mali^  aeetic^  fauic  aid  aaoefaarie  adda) ;  vatcr 
aolraetcd  t'4  pta.  (aHigmia.  ataiciw  and  a  anudl  ^vaatatr  of  rakde  add);  aaud  bjditK 
ehlone  add*  15*6  pta.  (peetia  and  oxalate  of  ealoam),  toe  rcddaa,  aaonnting  to  34-3 
pta.,  OMinated  of  a  voodj  fibre  aadotlier  inaolul^e  mattcfs.  Tbe  dried  root  yielded  &'9 
per  mil.  aab,  eootatiiiiig  in  100  pu.  ^-2  pta^  EK»,  104  Ka^,  6  3  Ca*0.  75  KgK),  38 
Ai*0«,  4  1  Fe*0-7oTj£*0,  »6*7  SiO*.  11  3  S0»,  9*1  PV,  M  00».  and  2-3  Ct 

eommaxmm,  AnanwapcdiedbyMartintoaaoi^SuiiebaiCvwiiidilieaDppoieato 
axial  in  koaaao,  the  oelebn.t«^  Abjaainian  remedj  for  fape-voniL  Mart iaa»  howerer 
(Doduier^a  N,  BeperL  [2].  iii  177),  waa  not  able  to  find  iL 

CKtTAMWAMaiG  ACXS*  C"H*^0«,  ia  formed  hj  the  aetion  of  aqaaooa  brdzo- 
cMoriiv  hydnodu^  or  aulphniic  add  on  eotanziiie,  at  a  tempcntnre  of  IW*  or  160°  CL 

ci5H»'N0*  +  H*o  +  Ha  ^  om^so*  +  CHKa. 

Cotaraaak  «cid. 


LDceaapaitie  add,  GOitarEuimic  add  oombinea  with  etionginiiM^  The  only  &mi' 

pound  of  it  which  haa  ae  jet  been  obtained  pure  ia  the  Jftfredyiofvl^.  C^H^'NO.ECL 
Thia  bodj  oyatalliaeB  in  amall,  pale  yellow  tnfta  of  aillcy  ne<sdl<?< ;  it  is  but  sli^tljr 
aolable  in  oold  water,  Yerj  aolsble  in  not  water;  it  is  leas  aolnble  in  alcohol  and  in- 
aolable  in  ether.  When  the  pore  oafrnpocind  iadiaaolTed  in  hot  water,  a  poTtion  always  de- 
oompOMes,  caiuda^  an  orange  prodpitate  (of  ootamamic  add)  to  separate ;  the  fame  pre^ 
dpitate  ia  pvodnoed  on  cantioualj  adding  ammonia  or  potash  to  the  aolntion ;  the  hjdro- 
eiiiorate  diaM^lrea  without  alteration  in  water  containing  a  little  free  hjdrodilonc  acid. 
An  aqneooa  aolntion  eniosed  to  the  air  pradnallif  aoq[mi«s  a  beanti^  green  colour. 
Nitric  add,  added  drop  ij  drop  to  a  aolntion  of  thia  compound  in  hot  water,  can«»  it 
to  appear  deep  opaque  erimeon  bj  lefiected  lights  and  orange^jellcrw  by  tranamitted 
lighL  Eyaporated  on  a  water-bath  with  solphnrie  add,  it  acquires  a  fine  crunaoo 
colour  when  neaH/  diy;  thia  eolonr  la  destroyed  bj  addition  of  water,  bat  reappeart 
wlifTO  tha  water  ia  agdn  eraporated  (Hatthiessen  and  Poster, pr^o^  communu 
etUwn.)  O,  C.  F. 


OOiTAMMWG  ACtUt  C^*H*K>*. — ^This  subfltance  is  produced  bj  the  action  of  dilute 
nitru;  actd  ou  cotamine  at  a  gentle  heat  (Matthies  sen  and  Foster,  Proc  Roj,  Soc 
xi.  6fli  but  the  conditions  necefaarjr  for  its  certain  production  are  not  jeit  knowa. 
Methylamine  ia  formed  at  the  aame  tinae  : 

C"H'"NO»  +  NHO*  +  2H»0  ^  C"H^W  +  'S{CIl'Jf)OK 

CoUraioc,  CoUrnic  acid.         KkttAte  of 

ItdlMOlTeg  easily  in  water,  giving  a  solution  which  reacts  stronglj  add  with  litmus. 
Aieohol  disaolrca  it  but  sparinglj^  and  ethor  pnx'ipitates  it  from  ita  alooholic  solution. 
It  gfirea  white  prodpitatea  with  acetate  of  Uad  and  nitrate  of  ail i^.  The  sUmr^mtt  is 
alightly  more  soluble  in  hot  water  tluin  in  cold;  it  contains  C"H'«A|rO*, 

Cotamine   may  be  regarded  as  the  mctliylutcd  imid4'  corresponding   to   «>tarnic 
add     Ctjtitrnic  add,  ootAmamic  acid,  und  cot^rniDe  then  bear  to  each  other  the  i 
felationa  aa  malic  add^  aspartic  add,  and  mulonile  or  phcnylmalimide: 


COTARNINE.  89 

Cotarnicacid      .    C»ff*0»  Malic  acid.        .    C*H«0» 

Cotarnamicacid  .     C"H»»NO<  Aspartic  acid      .     C^H'NO* 

Cotamine   .        .     C"H"(CH»)NO«        Malanile    .        .    C*H*(C«H»)NO» 

O.  C.  F. 

COTASWXVB,  e^»«NO«  +  HK),  or  €P*H^*NO»  +  2H0,—K  non-volatile  organic 
base,  obtained  by  the  action  of  oxidising  agents  on  narcotine.  It  was  first  obtained 
bj  Wohler,  in  1844  (Ann.  Ch.  Pharm.  1.  19),  as  a  product  of  the  oxidation  of  narco- 
tine by  peroxide  of  manganese  and  sulphuric  acid;  and,  almost  simultaneously,  Blyth 
(Ukd.  1  37 ;  Mem.  and  Proc.  Chem.  Soc.  ii  168)  observed  its  formation  by  the  action 
of  dichloride  of  platinum  on  narcotine.  Cotamine  has  been  further  studied  particu- 
larly by  Anderson  (Ed.PhiL  Trans,  xx.  [3]  369  ;  Chem.  Soc.  Qu.  J.  v.  266;  Ann. 
Ch.  Pharm.  Ixxxvi.  196),  and  by  Matthiessen  and  Foster  (Ppoc.  Eoy.  Soc.  xi. 
6^;  Ann.  Ch.  Pharm.     Supplement  B.  i  330 ;  Bullet  de  la  Socidt^  Chim.  1861,  22). 

Formation  and  preparation, —  1.  Narcotine  is  dissolved  in  a  considerable  excess  of 
dilute  sulphuric  acid  (3  pts.  sulphuric  acid,  30  pts.  water,  and  2  pts.  narcotine,  are 
good  proportions:  Mattniessen  and  'FosteTy  private  communication),  the  solution 
heatea  to  boiling,  finely  powdered  peroxide  of  manganese  (3  pts.  Matth.  and  Fost.) 
added,  and  the  liquid  filtered  as  hot  as  possible.  (Wohler  directs  to  boil  the  mixture 
with  excess  of  peroxide  of  manganese  and  acid  as  long  as  gas  is  evolved ;  Matthiessen 
and  Foster  recommend  to  add  the  peroxide  of  manganese  in  the  proportion  given  above, 
as  quickly  as  possible,  to  the  already  boiling  solution  of  narcotine,  and  to  filter  im- 
me<^tely).  The  filtrate  deposits  opianic  add  on  cooling,  and  the  mother- liquor  poured 
off  from  the  crystals  contains  sulphate  of  cotarnine  and  sulphate  of  manganese.  The 
manganese  is  precipitated  with  carbonate  of  sodium,  the  precipitate  filtered  off,  and 
the  filtrate  evaporated  so  as  to  cause  the  greater  part  of  the  sulphate  of  sodium  con- 
tained in  it  to  crystallise  out ;  the  addition  of  potash  to  the  concentrated  solution  of 
sulphate  of  cotimine  then  produces  a  brown  granular  precipitate  of  impure  cotamine^ 
which  is  purified  by  solution  in  hydrochloric  acid,  treatment  with  animal  charcoal, 
and  reprecipitation  by  potash.  Or,  chloride  of  mercury  or  dichloride  of  platinum  is 
added  to  the  solution  fi^ed  from  manganese,  whereby  a  precipitate  of  chloromercurate 
or  chloroplatinate  is  obtained,  which  is  washed,  suspended  in  hot  water,  and  de- 
composed with  sulphydric  acid;  the  filtrate  is  then  mixed  with  excess  of  baryta- 
water  and  evaporated  to  dryness,  and  the  cotamine  is  dissolved  out  of  the  residue  by 
alcohol     (Wohler.) 

2.  Narcotine  is  boiled  with  an  excess  of  dichloride  of  platinum  and  dilute  hydro- 
chloric acid.  Bed  prismatic  orstals  of  chloropjatinate  of  cotamine  are  thus  obtained.' 
(Blyth.) 

3.  Anderson  recommends,  for  the  preparation  of  cotamine,  to  act  upon  narcotine 
with  dilute  nitric  acid  (1  pt  narcotine,  3  pts.  nitric  acid  of  specific  gravity  1*4,  and  8 
pts.  water)  at  49°  C.  The  liquid  separated  from  the  teropiammone  {q.  v.)  which  is  thus 
formed,  gives  a  crystalline  precipitate  of  cotamine  on  the  addition  of  potash. 

4.  Narcotine  treated  as  in  the  first  method,  acid  chromate  of  potassium  being  how- 
ever used  in  place  of  peroxide  of  manganese,  yields  cotamine  in  a  state  of  great  purity. 
(Matthiessen  and  Foster.) 

The  formation  of  cotamine  from  narcotine  takes  place  according  to  the  equation : 

C«ff^O»  +  0  -  C"H»«NO«  +  C»«H'K)» 
NarcoCina  CoUrnine.  Opianic  acid. 

(Matthiessen  and  Foster.) 

Properties, —  Cotamine  forms  small,  colourless,  needle-shaped  crystals,  g7X)uped  in 
stars.  It  is  only  slightly  soluble  in  cold  water,  but  somewhat  more  so  in  boiling 
water ;  alcohol  dissolves  it^  forming  a  brownish  solution,  from  which  it  cannot  be  ob- 
tained* orstallised  ;  it  dissolves  easier  in  ether  and  in  ammonia ;  it  is  almost  insoluble  in 
caustic  potash.  It  melts  at  100^  C,  and  loses  1  at.  of  water  of  crystallisation ;  at  a 
higher  temperature  it  is  charred,  and  produces  a  disagreeable  smelL  Cotamine  has 
a  bitter  taste  and  faintly  alkaline  reaction. 

dystallised  cotamine  contains : 
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CotarDine  dned  at  100"^  contaua : 
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The  formula  originally  proposed  for  cotamke  bj  Wohlen  "^^  C^*S^*NO^ ;  Blyth 
gaveitflfonniilttas  C"^i/'"M>*;  Gerhardt  (Prick  de  Chmde  Orgimiqutj,  1845,  ii.  298) 
adopted  the  expression  C"U"NO'(- C^^J*aVO*);  Wertheim  (Wien.  Acad.  Bcr.  tI 
111),  believing  in  tlie  eiistenc^s  of  seTeral  homologoua  varittiea  of  cotaminEj,  ga\^o  the 
formulii  C ' *H^*NO '  (  =  C^^*H* WO" )  for  what  he  called  methyl-cota mine;  M  a  t  th  i  e s  a e  n 
and  Foster  regard  cotaroino  as  always  of  thesiime  comf>osltion,  and  ropresexit it  by  the 

formula  C'='H'*NO"  ^^^*^?^*^  {n,  that  is,  as  meth^l-cotamimide,     (See  Cotarkic 

AciiJ.)  .... 

The  aqueous  solutiou  of  cotomiiie  precipitates  feTroua  and  cnpnc  salts ;  it  give* 
no  coloration  Trith  ferric  salts  (Bly  th).   It  ie  also  precipitated  by  tanniiL   (Wohler.) 

Dtcmnpontims.—  1.  If  Uric  acid  dieeolvea  cotamine  witli  red  colour,  and,  if  heatod, 
OMdises  it»  fonning  oialic  acid,  and  afterwards  awpbylljc  acid,  (y,  v.)  (Wohler, 
Anderson^  Matthiessen  and  Foster.)  Very  a i lute  nitric  aciii,  gently  heated 
with  cotaxnine  eoraetinics  produces  cotamic  acid,  C*'H'=0*,  and  methylainine ; 

C'*H'"KO«  +  2H'^0  ^  C'^H''0»  +  KCH* 

CoLinitne^  CotAnifc  acid.    Methjlitmltie* 

(MatthicflsGO  and  Fofltar.) 

2.  Heated  with  fiydrocMortc,  hifdriodic,  or  dilute  sulphuric  acid  to  149°  C,  in  a 
scaled  tuW,  It  yiolds  chloride  or  iodide^of  mctliyl,  or  methyl-sulphuric  acid,  asid  cotar* 
iiamic  acid,  C"*H"NO<  (p.  88). 

c'*H^"NO*  4-  WO  +  na  -  c"H*«no*  +  ch"ci 

Cuiarqiae,  CoCunaiale  acid.     ChJoride  of 

miriiiyl. 
(Matthiessen  and  Foster.) 

3.  With  iodidt  of  ethyl  at  lOO*^  C.  it  yields  hydriodate  of  cotamine,  but  no  otbylised 
derivative.    (How,  Ed,  Phil,  Trans.  toL  iii. ;  Ann.  Cli. Phaira*  xcii) 

SixTS  OF  OoTABsTjTB.  The  Balta  of  cotamine  are  for  the  most  part  very  soluble ; 
they  are  obtained  dir*?ctly,  by  solution  of  tlie  base  in  dilute  acids. 

M^drocMeraie  of  Cotanmif,  C'*Hi»NOlIICl  (  +  2|1I'0  ?),  is  obtained  by  evaporat- 
ing lbs  aqueous  solution,  in  the  form  of  long  silky  crystula,  which  are  \<:Ty  solnl>li'  in 
imter.  It  loaea  14'88  percent,  of  water  at  100'=  (Blyth):  tho  above  formnJa  cor- 
n^ponda  to  14*97  per  cent  Dried  at  100^  C.  it  containg,  according  to  Blyth's  analysis, 
fl7'3&  |)er  cent  carbon  and  573  hydrogen;  the  formula  C'=K"N0',HC1  requiree  66-36 
pt^r  cent  C,  and  6*48  H. 

€M4}roplntt7jaff'  of  Coiarmnr,  C''H^*NO^HCl,PtCl'.— This  salt  forms,  when  precipi- 
tated in  tho  cold,  a  lemon-yellow,  crystalline  precipitate,  reBcnibling  chloropfatinate 
of  ujnmonium;  when  hot  aolntiona  of  hydrochlorate  of  cotiimiue  and  dichloride  of 
j>latiniim  are  mixed  together,  tJie  double  salt  separates  as  the  mixture  cook,  in  smallt 
round,  transparent  nodules,  of  a  reddiflh*yellow  colour  (Wohler).  It  is  obtained  in 
the  form  of  large,  dark-red,  siX'-sided  priems,  by  boiling  a  solution  of  narcotine  in 
hydrtx  hlodc  acid  with  an  excess  of  dichloride  of  platinum  (Blyth).  This  salt  is  very 
pilightly  soluble  in  cold  wat4?r,  but  somewhat  mors  so  in  hotwatej;  it  appars,  however, 
to  l>e  altered  by  repeated  solution  in  hot  water.  It  can  be  boiled  with  ammonia 
withnut  Qnd(»iTgoin^  decomposition.  Boiled  with  baryta-wat«r,  it  is  decomposed,  and 
metallic  jilutinum  ia  precipitated. 
It  contains  \ 
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W6h1er. 
34-9         34-2 

BI7U1 
34-4 

360 

Matth.andF<MC0r. 

C'« 

144 

38-84 

^ 

H" 

14 

3*29 

3-2 

3-6 

3-3 

3-6 

N 

14 

3-29 

4-4 

0« 

48 

11-28 

Pt 

99 

23-27 

23-0 

22-6 

22-9 

23-0 

23*3        23-1        21 

Cl« 

106-6 

2603 

24-1 

'426-6 

100-00 
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Bljth  dried  the  salt  for  analyms  at  100^;  ICatthiessen  and  Foster  at  the  Ofdinair 
temperature,  orer  snlphnrio  add  in  vacuo;  they  could  not  obtain  constant  resfolts  with 
the  salt  dried  at  lOO*'. 

It  sometimes  happens  that  the  treatment  of  narcotine  with  dichloride  of  platxnnm 
gives  rise  to  another  chloro^tinate,  which  dystallises  in  long,  bright,  orange-yellow 
needles.  This  salt,  which  Slyth  supposed  to  contain  a  peculiar  alkaloid,  which  he 
named  narcofftnin^  C^B^NC^\  is  decomposed  when  boiled  with  ammonia,  into  nar- 
cotine  and  cotamine,  and  is  probably  a  double  chloroplatinate  of  these  two  bases. 
B]yth*s  analytical  results  acoora  nearly  with  those  required  by  the  formula 

C«^»«NO«.HCLPtCl«> 
CaH"NO».HaPtCl»f 

CUorauraU  of  Cotamine  has  a  beautiful  dark  red  colour. 

CUoromerewraU  of  Cotamine,  C**Hi'N0*.HCL2Hg01,  forms  a  pale  yellow  pKcipi- 
tate,  which  gradually  becomes  aystalline.  It  is  not  precipitated  from  rather  dilute 
wann  solutions,  but  is  deposited  on  coolinff,  in  small  pale  yellow  prisms.    It  appears 


to  suffer  decomposition  by  repeated  ciystaUisation.    It  contains : 

Calemtated.  W6hler. 

Nitrogen  .        •        .        .        14  2*66  2*6 

Mercury  ....      200  37*98        37*96 

Chlorine  ....      106*6        20*23        20*68        G.  C.  F. 

OOVrOV.  The  filamentous  matter  attached  to  the  seeds  of  Tarions  species  of 
Goi^fpium,  a  genus  of  plants  belonging  to  the  Malvaceous  order.  It  consists  of 
hairs  sprin^g  from  the  surface  of  the  seed-coat,  and  filling  up  the  cayity  of  the 
seed-xessel  in  which  the  seeds  lie.  These  hairs  are  long  weak  tul^  which,  when  im- 
mersed in  water  and  examined  under  the  microscope  by  transmitted  light,  look  like 
flat,  narrow,  transparent  ribands,  entirely  distinct  from  each  other,  and  with  a 
perfectly  eren  surface  and  uniform  breadth,  rarely  jointed,  and  if  so,  having  the 
Mrticulations  perpendicular  to  the  length  of  the  tube.  The  individual  tubes  are  very 
weak  and  frajiple,  and  it  is  only  when  many  are  twisted  to«rether,  that  they  acquire 
any  appreciable  degree  of  strength.  Linen,  on  the  other  han^  consists  of  woody  tissue, 
in  the  shape  of  long  thick-sided  tubes,  adhering  in  bundles,  the  articulations  being 
always  oblique,  and  the  ends  of  the  tubes  pointed  and  overlying  each  other;  moreover, 
the  individual  tubes  are  much  stronger  than  those  of  cotton.  In  short,  cotton  is  a 
development  of  the  parenchymatous  tissue,  which  is  the  weakest  among  the  elementaiy 
oi*gans  of  a  plant;  unen,  of  the  woodj  tissue,  which  is  the  strongest:  hence  the  well- 
known  superiority  of  linen  to  cotton  in  strength. 

Cotton  fibre  consists  of  nearly  pure  cellulose  associated  with  only  1  to  1|  per  cent 
of  inoiganic  matter.  Hie  following  table  exhibits  the  composition  of  cotton  (aftor 
deduction  of  the  ash),  as  compared  with  that  of  pure  cellulose  C*H**0*. 


Analyses  of  Cotton. 

^».„-nmL »       ochinldt      PettcQ- 
""•^•' and  Hecker,   kofer. 

Calculatioa. 

osjp 

.     44-37 
.       7-24 
.     48-39 

44-20        43-27        44*6 
7-04          6*30          61 
48*76        60*43        49*4 

C*     .        .    44-44 
H'«  .        .      6-17 
0»    .        .    49*39 

100*00 

100*00       100-00       100*00 

100*00 

Cotton  (and  linen)  may  be  distinguished  firom  silk  and  wool  by  their  behaviour 
with  sulphuric  and  with  nitric  acids.  Silk  and  wool  are  turned  yellow  by  immersion 
in  strong  nitric  acid,  whereas  cotton  and  linen  remain  colourless.  When  woollen  tissues 
containing  eotton  or  linen  are  i^^ersed  for  a  quarter  of  an  hour  in  sulphuric  add,  the 
cotton  and.  linen  first  swell  to  a  pasty  mass,  and  afterwards  dissolve,  while  tiie  animal 
fibres  remain  unaltered.    (Bottger,  J.  pr.  Chem.  Ixxiii  498.) 

Cotton  diasolves  in  sulpiuHe  acid  more  quickly  than  linen ;  hence  it  may  be  detected 
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m  linen  hj  the  following  method.  The  tisstie^  after  being  T©p*atedl^  wiahed  wit!i 
rain*Tnit<"r,  boiled  with  wateri  and  dried^  ia  dipped  for  J  to  2  minates  ui  oil  of  vitriol, 
then  ciirofully  pressed  under  w&toT  with  the  fingers,  washed  with  water,  immera<>d  for 
u  few  seoondi  m  uqaeona  ammoma,  carbonate  of  potaasiam^  or  carbonnt*  of  &>dium, 
QgMm  washed  with  water,  aod  dried  between  filtering  paper.  By  this  treatment,  tho 
cotton  fibres  are  diasolTed,  while  the  linen  fibres  aro  merely  rendered  thinner  and 
more  tmnslueent,  aecnording  to  th©  duTHtion  of  the  experiment  j  ivft<?r  a  short  immersion 
the  cotton  fibres  appear  transparent,  while  the  linen  fil»reB  remain  white  and  opaque. 

Another  distinction  between  cotton  and  linen  is  that  the  latter  acqutrea  a  deep 
yellow  colour  by  boiling  with  water  containing  ita  own  weight  of  hydrate  of  potassium, 
whereas  cotton  is  little  or  not  at  all  coloured  by  the  same  treatment,     (Gm»  xr.  140.) 

Cotton  cloth  (calico),  imioeraed  for  10 — 30  minutes  in  ejmpy  potojtk-ley^  and  then 
wasb«d  with  alcohol  of  specific  grarCty  0825,  contracts  by^  afler  drying,  and  contains 
1472  per  cent,  potaah,  eorreflpondiDg  to  the  fonnnla  4C*H'*0*.K*0  which  roqtiirea 
14-o9  per  cent.  K*0  (Gladstone,  Chero.  Soc.  Qn.  J.  v.  17).  Calico  immersed  in 
MmJa4rtf  of  spet:ific  pravity  r342  and  treated  in  a  similar  manner,  shrinks  in  dr>^ng 
by  1,  and  contains  9  58  p4?r  cent^  B*5da  (4C*H"(.>*.Na*0  =  965  per  cent,).  Unwoven 
cntton  forms  a  similar  componnd  ;  lonj[5er  immertfion  or  the  nse  of  a  stronger  soliitioQ. 
iippears  to  produce  partial  solution  and  dee<imfposiilion.  Cotton  also  unites  with  soda 
in  other  proiwrtions,  but  never  with  a  larger  quunlity  than  that  coiituint'd  in  the  com- 
pound just  mentioned.  Water  abstrat'ts  till  the  soda  from  the  compounds,  and  leaTea 
a  shrunken  tiasue  which  takes  more  brilliant  colours  in  dyeing  than  ordinary  calico. 
(Gladstone^  he.  cit.     See  also  Mercer,  Hep.  Pat. Inr.  1861,  p.  368;  Qm.  xt,  HI.) 

Cotton  immersed  in  solutions  of  a/am  or  a<c/a^tf  of  alufmniwn^  does  not  lepiirateany 
alumina ;  but  if  the  solution  of  acetate  of  aluminium,  feme  aectate,  or  any  other  salt 
containing  a  volatile  acid  be  left  to  dry  on  the  cottOD,  the  acid  volatilLies  after 
»  while,  and  the  base  ia  so  firmly  fixed  on  the  cotton,  though  only  mechanicallj»  that 
it  cannot  be  removed  by  washing  with  water  (Walter  Crum,  Ann.  Ch,  Pharm, 
Ir.  223,  Compt,  rend,  xlvii  961).  If  the  cloth  after  this  treatment  be  immersed  in  a 
coloured  solution*  such  as  that  of  logwood  or  indigo,  the  colouring  matter  forms  an 
insioluble  compound  with  the  base,  and  thus  becomes  permanently  fixed  upon  the  cotton 
fibre  ;  whereas,  if  the  cloth  wore  merely  dipped  in  the  coloured  infusion  without  being 
iirt'i-iously  treated  with  the  metallic  salt,  or  fnordmii^  the  colour  imparted  to  it  would 
be  immediately  remored  by  immersion  in  water:  cotton,  flax,  hemp,  and  other 
Tegetable  fibres  do  not>  like  wool  and  silk,  exert  any  speeific  attractire  power  on  th« 
colouring  matters  mixed  with  mordants.     (See  Dmsxso*) 

Culture  of  Cotton, — Profetsor  Mallet  of  Alabama  has  lately  published  the  com- 
mencemeiitof  an  elaborate  inTcstigation  of  the  chemiL-al  and  phyHcul  conditions  of  tho 
cultivation  of  cotton  (Proc  Eoy.  Soe*  xi.  340),  from  which  the  following  general  con* 
du«»ions  aro  drawn. 

The  annual  cotton  plant,  as  cultivated  in  America,  attains  ila  principal  growth  during 
four  monthsj  though  it  continues  to  devclope  seed  and  fibro  for  a  much  longer  period. 

It  n^uires  a  very  finely  divided  soO  through  which  its  rootleta  can  penetrate  with 
facility ;  the  average  masa  of  soil  interpenetrated  by  the  roots  of  each  pWt  is  about  5 
cubic  feet. 

Cotton  is  not  an  exhaustive  crop,  inasmuch  aa  the  great  mass  of  the  plant  —  root, 
stem,  branches,  leaves,  and  emptied  ImsIcs  —  remaina  upon  the  field  and  is  ploughed 
into  tho  soil,  and  nothing  is  removed  but  tlie  fibre  and  the  seed  :  and  the  greater  |jart 
of  the  latter  ia  ako  returned  to  the  soil,  the  seed  being  thickly  strewn  by  handfulls  in 
a  continnotia  row,  from  which  tho  plants  arc  afterwards  thinned-  The  cotton  fibro, 
which  constitutes  the  salable  product,  and  is  absolutely  cjirried  oflT  the  land,  may  be 
looked  upon  aa  a  very  light  crop ;  a  bale  of  400  to  600  lbs  to  the  acre  is  sometimes 
obtained  under  favourable  circumstances,  but  this  is  much  above  the  average  for 
npland  cotton.  The  fibro  pelds  from  1  to  1-5  per  cent,  of  aah^  so  that  at  the  most. 
TJ  lbs.  of  mineral  matter  will  be  removed  annually,  which  ia  not  half  aa  much  as  is 
removed  by  a  crop  of  wheat  of  25  bushels  to  the  acre  in  the  ^rain  (d<mty  and  losa  than 
^  the  amount  removed  by  an  average  crop  of  potatoea.  Sometimea,  however,  a  con* 
sideTable  portion  of  the  seed  is  removed  from  the  plantation  to  be  used  for  the  ex- 
traction 01  oil,  tlie  cake  which  remains  being  exported  to  Europe  for  cattle-food.  This 
practice  teu<hi  pnvatly  to  tho  exlmustion  of  the  cotton  soil. 

Cotton  is  decidedly  a  §vn-piant,  requiring  a  high  summer  temperature  and  plenty 
of  sunshine.  A  mcderate  sn|iply  of  min  is  advantageous  in  the  early  stage  of  growth, 
but  heavy  rains  are  injurious  even  in  that  stage,  and  later  in  the  scaBon  they  are 
absolutely  destructive,  A  water-soaked  soil  is  decidedly  unfuvourable,  tho  tap-root 
not  striking  down  in  such  soil,  and  the  plant  looking  small  and  sickly,  and  bearing  but 
little  cotton.  The  soil  most  favourable  for  cotton  cultivation  is  a  'fin*'ly  divided  soil 
capable  of  abscirbinj^  a  considerable  quantity  of  aqueous  vafionr  from  the  atmoffjihere 
and  retuining  it  in  a  aiaiv  ^f  mlhesiou  or  of  chemical  eombinulion,  so  as  not  to  rendt^r 
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the  soil  moist  to  the  touch.  Sacb  a  soil  et)abl(?s  the  pXimi  to  withstand  riciEsitndes  of 
woiilhei'  And  seaflon^  Btoring  up  hygrospopi(?  moisture  in  damp  seasons,,  and  yieldinp  a 
gradmil  supply  of  it  to  the  root«  in  the  latter  stago  of  the  growth  when  seed  and  fibre 
are  forming.  Another  essential  i^onditlon  of  tho  soil  iis  tho  power  of  gradually  absorb- 
ing and  yielding  a  considerabk  quantity  of  gases,  especially  ammonia,  and  of  minenil 
matter  withdrawn  &om  Bolution. 

All  these  conditions  are  fulfilled  in  a  high  degree  by  the  soil  of  tho  prairio  region  of 
Central  Alabama,  which  is  a  stiff  aluminous  day,  contaiining  a  moderate  amount  of 
organic  matter  and  of  the  mineral  substaiiced  needed  by  the  plant  on  food — of  gnuit 
uniformity,  and  in  an  exceedingly  fine  state  of  division ;  aboTe  all,  po8ae«aing  a  Very 
bigh  capacity  for  absorbing  ana  retaining  heat,  moisture,  ga.**»^,  and  soluble  mini? ral 
xoatter.  It  was  found  to  be  capable  of  condensing  52  times  its  own  volume  of  ammonia 
gas,  and  the  suteoil,  which  is  calcareous^  was  found  to  absorb  fil  times  its  ovra 
Tolomo  of  the  same  gas. 

COVU Jl  M  1T&>  Native  chloride  of  k»ad,  PbCl+  found  in  the  crater  of  Vt^suriiMi 
ait«r  the  eruption  of  1822,  in  acictilai"  crjstiili*  of  the  trimetric  system,  and  capillary 
masaeat  white,  having  a  strong  luBtre,  of  spociflc  gravity  6238,  and  soft  enough  to  be 
scratch ixl  by  the  naiL 

COOTffllMftlirgra,  C»HrtfO»  =  N>H=*.D*H'0«— Produced  by  the  action  of 
ferrous  acetata  (iron  filings  and  dilute  acetic  acid)  on  nitrocoumarin.  The  reaptiou 
mast  be  (wntinued  for  twenty-four  houns,  and  the  filtrate  concentxnit4>d  by  evoi>cjration  ; 
it  then,  on  cooling,  d<>posits  coumarin  in  flue  yellowieh  needles,  often  several  centi- 
metres long.  It  is  nearly  insoluble  in  crild  water  and  in  ether,  but  dissolves  nmdily  in 
Jb^iling  water  or  alcohol.  A  saturated  ftolution  of  ferrous  acetate  appears  to  dissolve  it 
I'iHiOre  readily  than  cold  water.  It  melts  l>ctween  168°  and  17t>'^C»,  and  if  cautiously 
'  ftoBcd  to  a  higher  temperature,  sublimes  Tv-ithout  decomposition  in  pale  yellow  sctdea. 
It  is  rapidly  decomposed  by  boding  potash ;  the  liquid  saturated  with  an  acid  deposita 
btxTWD  flakafr 

Coumaramino  unites  with  acids,  forming  soluble  salts,  from  which  ammonia  preci- 
pitates the  base  in  a  crystalline  meiss.  The  hr/drochlorate  forms  scales  very  soluble  in 
water,  Tho  chhr&ptaiinaU,  C*H*NO^.nCI.PtCl',  is  a  yellow  crystalline  prccipitalo  in- 
solablc  in  water.     (Chiozza  and  Prapolli,  Ann.  Ch.  Pharm.  xcr*  252.) 

COiraCASXC  ACXIB,  Q^WO^  =  C"H^O-.H.O  =  eoumarin  +  1  at.  water.  (Be* 
Inlando,  AniL  Ch.  Pby«i.  [3]  vi.  343.— Bleibtreu,  Ann.  Ch.  Pharm Jix.  177.)— I'l^'- 
pared  by  boiling  coumarin  with  strong  potash-lfy.  adding  solid  potash  if  necesiittr)'', 
and  precipitating  by  hydn>ehloric  acid.  Crystallises  in  colourless  brilliant  lamina?, 
having  a  bitter  taste,  and  soluble  in  water,  alcohol^  and  ether.  It  melts  at  l&O*^  C, 
aod  at  a  higher  temperature  decomposes  partially,  yielding  a  crystalline  sublimate,  and 
learing  a  brown  residue.  By  distillation  it  ^elds  an  oil,  which  reddfna  fi^rrie  salts 
and  appears  to  unite  with  potash.  Couraanc  acid,  when  pure,  does  not  Impiirt  any 
violet  colour  to  ferric  salts.  TVhen  malted  with  potash  it  gives  off  hydrogen^  and 
yields  salicylate  and  apparently  also  acetate  of  potassium  : 

C»IPO»   +   2KnO   =  C'H»KO»   +   C'H"KO»  +  H\ 
CotiifiArlc  SallcyUi**  of        Actitate  ol 

aclj,  potuitum.         potiiilum. 

Coomaric  acid  decomposes  carbonates.  The  formula  of  the  coutnarat^s  is  C'H'O^.lff. 
Coumarate  of  ammonium  does  not  precipitates  barium-salta.  CowmaraU  ^f  htuf  is  a 
white  precipitate,  pulverulent,  and  insoluble  Ln  water.  Coumarat^  of  silver  is  a  light 
yellow  pulverulent  precipitate,  or  if  formed  in  presence  of  ammonia,  onmge-coloured 
and  flocenlent, 

COtnic Aj|Xir«  (yE*0\  ov  C^*H*CA  ( G  u i  h o  u  r t,  Histmr§  des  DrmueM  simples, 
—  Bonllav  and  Boutron-Chaillard,  X  Pharm.  jti. -180. — Bolalanaa,  Ann.  Ch. 
Phys.  [3]  ri.3't3,— Bleibtrcu,  Ann.  Ch.  Pharm.  lii.  177.-  Gm.  riiL  321.)— This  sub- 
stance'exists  in  considerable  quantity  in  Tonka  beans,  the  fruit  of  Coumantma  odorata, 
ta  BipUrpx  od&rata,  being  found  in  small  while  crj'sfala  between  the  seed  i^ating  and 

tkf^meL  It  is  also  found  in  woodruff  (Afiprrn/a  odorata),  in  Mddoiits  ojfictna^is,  in 
flow<*rs  of  sweet-scented  vernal  grass  (Anihoxanthum  odoratum),  in  the  leaves  of 
Faham,  an  orchidaeemiB  ploDt  {Angrifctim  fra^ans),  in  the  leaves  of  Orchis  fusca  (Bley ), 
and  in  the  dried  lesTefl  of  Ltastris  od4>ratissima,  a  composite  plant  growing  in  the 
■oathern  parts  of  North  America  (Procter,  Rep.  Chim.  app.  1861,  p.  143).  In  som<s 
of  tbesf  plants,  the  coumarin  was  originally  mistaJ^en  for  benzoii;  acid. 

O •"'""'■'"  1%  easily  extracted  from  TonJcti  beans  by  digesting  them  in  strong  akolioL 
On  -  the  alcohol^  a  crystalline  magma  of  coumarin  is  obtained^  which  m»iy 

be   1  I  und  frred  fiim  n  quantity  of  adhering  oil  by  meaiiH  of  animal  charcoal. 

Cuuimirui  is  ei>1ourU'S8  ;  it  crystal! ises  sometimes  in  small  roctangular  plates,  soma- 
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timefl  in  Ijugo  prisms  belonging  to  tho  trimctric  r^tom,  cdP,  f  oo,  with  od^q» 
predominant  Inclination  of  tbe  fiwoa  00^^001^03  «  10  0"^  (nearlj)»  00  P  :  P  »  = 
104-d  (ni>ttrly)»  0  :  6 : «?  -  0364  :  1  :  l'(»3 5,  It  melta  at ^0° C,  and  l>oiia  at  270°  with- 
otit  aeaaible  alt^mtioo;  haa  on  agr^eeabio  aromatic  odomr^  and  a  btiraing  t^iste;  the 
vapour  acts  very  strongly  on  the  brain. 

Coumarin  ia  ne&rlj  insoluble  in  cold  water,  but  boiling  wat«r  diasolYfla  it  abun- 
dantly, and  deposits  it  on  cooling  in  ¥eiy  flleoder  Deedli«.  It  disaolvea  witbottt  altera^ 
lion  in  dilate  acids.  Strong  stt^kuHe  acid  chaw  it  immediately.  Strong  nitric  add 
conTerta  it  Into  mtrocoufnarin^  and,  after  long  boiling,  into  pierio  add.  Heated  with 
exctea  of  poi^skf  it  yidda  salicylic  add  and  ooumaric  a^^id,  C*H'*0'.  Chlorins  and  bro- 
mine fonn  crystalline  compoundi*  witb  eciumarin ;  iodine  converts  it  into  a  bromie-green 
crystalline  substance.  With  ptnfacUoTide  of  antimony,  coumann  forms  a  dystallino 
oompotind  containing  C*H*0'.SbCl*. 

Nitrocournarin.  C" H*( N0')0 '. — Obtained  by  prcj eeti ng  conmarin  by  small  por^ 
tions  at  a  time  into  cold  faming  nitric  acid,  and  precipitating  with  a  large  quantity  of 
water.  It  is  then  deposit4?d  as  a  snow-white  floeetilent  mass.  It  dissolves  in  boiliQg 
water,  alcohol*  a^nd  ether,  and  crj-atallises  from  tho  solution  in  amaO  white  silky 
needles.  Melta  at  170^  C,  and  sublimea  undeeompofted  at  a  high  temperature  in 
nocreotui  crystals.  Pot^^h  colours  it  deep  red  and  dissolve*  it.  Acids  addrd  to  the 
solution  throw  down  unaltered  nitrocoumarin.  It  diaaolres  in  ammonia  ;  the  solution 
when  boiled  evolves  ammonia,  and  on  cooling  deposits  part  of  the  nitroooumarin  in 
white  crystals,  not  containing  ammonia  ^Bleibtreu).  Ferrous  acetate  converts  nitro- 
coumarin into  coumaramine.     (FrapoUi  and  Chiozaa,  p.  194>) 

The  ammoniacal  solution  of  nitrocoumarin,  freed  from  excess  of  ammonia  by  boiling, 
and  filtered,  forms,  with  oottaU  of  Uad^  an  orange-yellow  precipitate,  2CH*(N0*)0*. 
3PbX),  soluble  in  a  lai^  quantity  of  water,  less  soluble  in  alcohol,  insoluble  lq  ctner, 
decomposed  by  acids.  With  nitrate  of  silver,  in  like  manner,  a  bcautiM  orange-coloured 
precipitote,  C*H*(NO*)0*.Ag=0,  is  obtained, which  cjcplodes  when  heated.  (Bleibtren.) 

COHlLBJiJU^  KSBSir.  A  name  sometimes  given  to  West  Indian  ajiimd  refiin^ 
obtuiut^d  from  the  Ilf/nuntea  CourbariL     (See  i.  296.) 

OOnZfiRAirXTS.  A  sUicato  found  in  the  neigh l>ourhood  of  Conseraa  in  the 
Pyrenees.  It  contains  52'37  per  cent.  8t0',  2402  Ainj*,  11-86  Cit*0.  1-40  2ilg*0,  5-52 
K*0,  and  3-96  Na*0  (D nf  re  n  oy)^  which  is  nearly  the  c/>mposition  of  dipyre  {q,  v.)  Ac- 
cording to  Dnfrenoy,  the  crvstalB  belong  to  the  monoclinic  system,  whence  he  refers  it 
to  Labradorite ;  but,  according  to  K.  P.  Grey^  jun.,  they  are  di metnc,  like  those  ot 
dipyre,  which  mineral  is  also  found  in  the  Fame  locality.  Specific  gravity  -  2 '09. 
Hardness  »  %%  or  rather  abo^e.  Colour  bkek  to  grey.  Lustre  waxy.  Opaque, 
Melts  to  a  white  enamel  before  the  blowpipe.  Insoluble  in  acids.  (Handw.  d,  Ghem. 
ii.  [3]  220.— Diina,  ii.  206.) 

CfOVS^XiXir.  Native  protosulphido  of  Copper.  See  Cofpbb,  Scu^ehies  of  (ii,  74  V 
CM^XTOiaVSM,     See  Cmchtonitb. 

CKAlwaB  aLamzTXniA.  Sea  Kale.— A  cruciferous  phmt,  the  young  sprouts  of 
whioli  contain,  accohlin^f  to  T.  J,  Hcrapath  (Cbem.  Soc  Qu-  J.  ii.  4)^  in  the  fre?»h 
state  071,  in  l±e  dry  btat^  Q'9  per  cent,  ash ;  the  leaves  1'7  per  cent  in  tho  fresh,  and 
lfl"7  per  cent,  in  the  dry  state.     The  composition  of  tho  ash  is  as  follows  :  — 

CO*  80*  P'0»  KH)  Ntt»0  KaCl 
Soluble  in  WRt^  J??prouta  .  4-2  21-8  fil  6  7  236  trac« 
soluble  in  watijr     j^ea^^         ^    g.^         ^^^^       ^^^      21        20-8        121 

Ga*CO«  Mg*0«    Ca'SO*  Ca"PO<  MgTC*  phlS!;!?*.,  suiou 

Insoluble  in  water  J?I"^^*%5'^       *^^       *!^^       JST        ^"^'        trace*   42 
(Leaves    27-2       trace         l&         13*1        trace  16         01 

C&A.'VSOnr.  A  non-azotlscd  bitter  principle,  obtained  from  the  fresh  tranch- 
bark  of  the  wiiite-thoro  (Crattpgus  ar^at'antha).  It  crystallisee  in  greyish -white  no- 
duleK,  like  grape-sugar,  has  a  bitter  tajste,  dissolvi^  easily  in  water^  1cm3  easily  in 
alcohol,  not  at  all  in  ether,  and  doea  not  combine  either  with  acids  or  with  *lW^i«, 
(Leroy,  1.  Chim.  M6d,  xvii.  3.) 

MJMJkTimiSimm    Gmelin*B  name  for  CHKATtuniH  (j.  v.) 

CM^xm^rrm.    See  DuFBEVHrrE. 

CKX^aJiS.  The  fatty  portion  of  milk,  which  rises  to  the  surface  when  fr-esh  milk 
is  hft  at  rest  for  twenty- four  hours,  Berzelius  found  in  100  pta,  of  cream  fix>m  cow's 
milk,  4-5  pts.  of  butter,  3*6  casein,  and  920  semm. 

CSBajlt  OP  TAKTASt*     Acid  tartrate  of  potasaimn  (see  Tartaeic  Aero). 
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C*H»N»0«,  or  C^B*N*0^.  (Chevreul,  J.  Pharm.  xxi  234;  Pet- 
tenkofer,  Ann.  Ch.  Pharm.  lii,  97;  Liebig,  Ann.  Ch.  Pharm.  Ixii  282.;  Heintz, 
Pogg.  Ann.  Ixii.  602 ;  Ixz.  460 ;  Ixxiii.  696 ;  Izxiy.  125 ;  Compt.  rend.  xziy.  600 ; 
Gregory,  Chem.  Soc.  Qu.  J.  i  25;  Dessaignes,  Compt  rend,  xxxviii  839;  xlL 
1258;  Ann.  Ch.  Pharm.  xcvii.  339;  J.  Pharm.  [3]  xxxii  41;  Gm.  x.  249;  Gerh. 
i  530 ;  iii.  939 ;  ir.  893.) — An  organic  base  discovered  in  1835  by  Cheyreul  in  the 
juice  of  flesh ;  more  minutely  examined  by  Liebig  in  1847. 

Sources. — ^In  the  muscular  flesh  of  mammalia,  birds,  amphibia*  and  fishes.  Lean 
horse-flesh  contains  0*070,  and  the  flesh  of  poultry  0*35  per  cent,  of  creatine.  That 
of  the  marten  yields  less  than  that  of  poultry,  but  more  than  that  of  other  quadrupeds : 
after  horse-flesh  follow,  in  decreasmg  series,  the  flesh  of  the  fox,  roe-buck,  stag, 
hare,  ox,  sheep,  pig,  calf,  and  pike.  Fat  animals  yield  much  less  creatine  than  lean 
ones ;  e,  g,  ^  fox  fetttened  on  meat  for  100  days,  yields  only  -^  as  much  as  one  that 
has  been  killed  in  the  chase  (Liebig).  Bullocks  heart  yields  0*142;  the  flesh  of 
poultry  0*321 ;  that  of  the  pigeon  0083,  that  of  cod  0*170 ;  and  that  of  the  ray 
0*61  per  cent  ^Gregory).  Human  flesh  yields  0*067  per  cent ;  that  of  the  alligator 
likewise  contains  creatine  (Schlossberger,  Ann.  Ch.  Pharm.  Ixvi.  80;  xlix.  344). 
The  flesh  of  the  Boiqual  whale  {Balanopiera  musctUus)  likewise  yields  a  small  quan- 
tity of  creatine.    (D.  Price,  Chem.  Soc  Qu.  J.  iii  229.) 

Stadeler,  has  obtained  creatine  from  the  flesh  of  the  dog,  pigeon,  Spinox  acanthus, 
and  PetroTMfzon  fiuaiaiilis  (J.  pr.  Chem.  Ixxii.  256).  Creatine  is  likewise  found,  toge- 
ther with  creatinine,  in  urine ;  together  with  creatinine  and  seroUne  in  blood  (Verd  eil 
and  Marcet,  J.  Pharm.  [3]  xx.  89) ;  and,  together  with  urea,  in  the  brain  of  pigeons 
and  of  dogs.     (Stadeler.) 

It  is  not  yet  decided  whether  creatine  exists,  as  such,  in  the  liying  animal  body,  or 
whether  it  \a  formed  from  creatinine  existing  therein,  by  the  process  of  preparation. 
Creatine  and  creatinine  differ  in  composition  only  by  the  elements  of  water,  and  are 
easily  converted  one  into  the  other, — creatine  into  creatinine  imder  the  influence  of 
adds,  creatinine  into  creatine,  by  the  action  of  alkalis,  the  action  in  either  case  being 
accelerated  by  heat  Now,  in  preparing  crefttine  either  from  flesh-juice  or  from  urine^ 
the  usual  process  is  to  neutralise  with  an  alkali,  and  concentrate  the  liquid  by  heat ; 
by  this  process  the  creatinine  existing  in  the  original  Uquid  is  sure  to  be  converted 
[»rtly,  if  not  wholly,  into  creatine,  and  it  is  possible  that  the  whole  of  the  creatine 
actnaUy  obtained  may  be  produced  in  this  way ;  for  there  is  no  simple  reaction  by 
which  creatine  can  be  detected  in  the  original  liquid,  in  presence  of  creatinine.  fVom 
the  experiments  of  Dess  aignes  ( J.  Phanu.  [3]  xxxii.  41),  it  appears  that  human  urine 
yields  more  creatinine  and  less  creatine  the  more  qnickly  the  process  of  separation  is  con- 
ducted. Liebig  (Ann.  Ch.  Pharm.  cviiL  334)  found  that  the  fr«sh  urine  of  a  dog  which 
had  been  fed  on  meat  for  some  weeks,  yielded,  when  mixed  with  milk  of  lime  and 
immediately  evaporated,  a  considerable  quantity  of  creatinine  but  no  creatine,  but  if 
left  to  stand  for  six  weeks  before  evaporation,  it  yielded  creatine  without  creatinine. 
In  this  case  the  creatine  evidentiy  resulted  from  the  decomposition  of  the  creatinine. 
Dessaignes  is  of  opinion  that  the  creatine  of  muscular  flesh  is  likewise  produced  by  the 
decomposition  of  creatinine. 

PreparatUm,  1.  From  musctdar  flesh, — a.  The  aqueous  extract  of  beef  is  evapo- 
rated in  vacuo ;  the  residue  exhausted  with  alcohol,  and  the  alcohol  evaporated  till 
the  creatine  crystalHses  out  The  greater  portion  remains,  however,  in  tiie  mother- 
liquor,  being  prevented  from  crystalHsing  by  the  presence  of  foreign  bodies  (Chevreul). 
In  a  similar  manner,  Schlossberger  obtained  creatine  from  the  flesh  of  the  alligator 
and  purified  the  crystals  by  washing  with  cold  alcohoL 

b.  The  fi^h  lean  muscular  flesh  of  mammalia  or  birds,  is  freed  as  much  as  possible 
from  &t  (which  would  stop  up  the  press-bag  when  the  meat  is  subjected  to  pressure), 
and  chopped  up  fine ;  5  lbs.  of  it  are  then  well  kneaded  with  an  equal  weight  of  water ; 
the  li<^uid  is  well  pressed  out  in  a  coarse  linen  bag ;  the  residue  twice  treat^  with  water 
in  a  similar  manner;  5  lbs.  of  muscular  flesh  kneaded  together  with  the  expressed 
h<^uid ;  the  residue  kneaded  with  the  third  expressed  liquid,  and  then  after  pressure 
with  5  lbs.  of  pure  water ;  and  the  united  liqmds  are  strained  through  a  doth.  The 
resulting  reddish  liquid,  which  reddens  litmus,  is  kept  at  100^  C,  in  a  large  glass 
flask  over  the  water-bath,  till  the  albumin  and  blood-red  have  completely  separated 
in  the  form  of  a  coagulum,  and  a  sample  of  the  licjuid  remains  dear  when  boiled. 

To  decolorise  the  liquid  obtained  from  some  kmds  of  meat,  it  must  be  heated  in  a 
basin  till  it  troths  up.  The  liquid  is  then  strained,  first  through  linen,  the  coagulum 
being  pressed  out,  then  through  paper.*    The  filtrate  is  then  mixed  with  saturated 

*  Th«  filtrate  obtaiiMd  from  the  flesh  of  the  ox.  roebuck,  hare,  or  fox,  which  contains  a  large  qoantit/ 
of  Mood,  reciUaf  a  reddish  tint ;  that  fVoni  veal,  poultry,  or  pike  it  nearly  colourless  ;  game  and  poultry 
yield  aaearly  transparent  filtrate,  which  is  very  favourableto  theobtaining  of  creatine;  horse-flesh  and  cod 
fitld  a  turtfid  filtrate.    If  the  filtrate  were  eraporated  alone,  eren  below  lOOP,  it  would  become  coloured 
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bittTTta-wator,  the  addition  of  that  liquid  being  conttnucKl,  even  after  the  filtrate  hai 
been  rendered  iioiilral  or  alkaline  by  it,  as  long  as  a  precipitate  of  phosphate  of  barium 
and  phof-phiite  of  ma^nttiium  continnes  to  form  ;  the  filtrate?  I'vapomted  in  a.  shallow 
bsisin  over  the  wat^^r-ttath  to  ^i ;  and  tht*  thickish  residne  act  a»ide,  first  in  a  warm 
pboe  to  eraporate  further,  Mid  then,  after  crystallisation  has  commenced,  in  the  cold.* 
Tht5  n€  LI  Ilea  thus  obtain  td  are  acparatcd  from  the  mother-liquor  bj  filtration,  wa.*»hed 
first  with  water,  tlien  with  alcohol,  and  dissolved  in  boiHnpj  water  ;  and  the  aolution, 
if  coloured,  thgctfted  with  a  small  quflntitj  of  b^TodchEireoal,  then  fllter<-d  and  kft  to 
cool,  whereupon  it  yields  pnre  cryatals  of  creotiue  (Lie big).  If  a  suflBcient  quantity 
of  baryta- wattjr  has  not  befn  added,  the  crystals  will  he  contaminftted  with  phosphate 
of  magnesium.  In  th«t  case,  the  hot  tti^aeoua  solution  must  be  boded  with  a  small 
quantity  of  hydrated  oiidt*  of  lead;  digested,  after  filtration,  with  blood-charcoal, 
which  remove's  the  laat  traces  of  leadj  and  the  filtrate  again  left  to  crystalline. 
(Lie  big-) 

€,  The  chopped  flesh  of  pike,  when  boiled  with  wat4?T,  swells  ^p  to  a  gummy  mtiss, 
from  which  the  liquid  canuot  bo  expresaed^  A  miittiiro  of  the  chopped  fleiih  with 
water  must  therefore  be  thrown  upon  a  funnel ;  small  quantities  of  water  allowed  to  run 
gradually  through;  and  the  alightly  ttirbid,  acid  liquid,  which smeUa  and  tastes  offish, 
separated  from  the  soft,  white  coagulum,  precipitated  with  baryta- water,  then  filtered 
and  eraporatfid.  It  forms  on  cooling  a  colourless  jelly,  iu  which,  in  the  course  of  2i 
houra^  ciyatals  of  creatine  begin  to  form.     (Lie  big.) 

The  extract  of  the  flesh  of  poultry  or  pigeons  deposits  brown  flakes,  together  with 
the  creatine  crystals;  —  the  flesh  of  bullock's  heart  often  yields  but  few  of  the  purer 
crystals,  hut  a  considerable  quantity  of  brown  flakes,  from  which  boUiu^  water  extract« 
a  large  additional  qtiantity  of  creatine.  From  skate  and  cod  the  juice  may  bo  easily 
expressed,  aft«r  tho  flesh  has  been  mixed  with  rather  more  than  equal  quantity  of 
wat^T",  the  jeEy  ultimately  obtained  from  it,  in  which  the  creatine-eiystttls  form, 
dissolTes  reatlily  in  cold  water,  and  deposits  more  crystals  :  the  flesh  of  cod  yields  the 
whitest  creatine.  From  the  syrupy  mothcr-liquors  of  crude  creatine,  chloride  of  zinc 
does  not  form  any  zincochloride  of  creatinine,  or  only  a  trace  ;  but  the  mother-liquors 
obtained  in  the  recryBtalHsation  of  crude  creatine  yield  this  precipitate  on  addition  of 
chloride  of  dnc.     f  Q  rego  ry.) 

d.  Chopped  tlesh  mixed  with  coarsely  pounded  glass,  is  digested  with  1 4  times 
its  Tolume  of  alcohol  at  a  gentle  heat;  the  liquid  is  then  pressod  out  and  distilfe^l,  the 
ri'sidue  ti-eated  with  bai^ic  acetate  of  lead,  the  excess  of  les.d  separated  by  salphydric 
acid,  and  the  cleur  liquid  eTaporated  to  a  syrup.  On  cooling,  creatine  crystallises  out ; 
and  aEer  some  days  tht*  crystallino  msss  is  spread  out  on  unsizwl  paper  to  absorb  the 
mother-liquor;  after  which  the  creatine  is  dissolved  in  hot  water  or  alcohol,  and  ro- 
erystallised*     (Stiideler,  J.  pr,  Chem.  Ixxii.  266.) 

2.  From  Zinco-chloride  of  CnGthiinr. — a.  The  solution  of  this  compound  in  boiling 
water  is  dige*ited  with  hydrated  oxide  of  lead,  till  it  acquires  a  strong  alkaline  reaction  ; 
filtered  frpm  the  oxide  of  zinc  and  oxychloride  of  lead  ;  digested  with  a  little  bhjod- 
charcoal,  which  removes  the  small  remaining  quantity  of  lead,  together  with  fibrlii ; 
the  filtrate  evaporated  to  dr^'nesa;  and  the  remaining  mixture  of  creatine  and  creati- 
nine, treated  with  an  eightfold  quantity  of  Ixiiling  alcohol  to  dissolve  out  the  latter: 
the  alcohol,  on  cooling,  likewise  deposits  crystals  of  creatine,  wMdi  are  added  to  the 
luidlissolved  residue  of  creatine,  and  the  whole  is  pnrlfied  by  recTystallisatlon.  (The 
alci^hol  filtered  after  cooling  deposits  creatinine:  Liebig.) — h.  Tbe  boiling  aqueous 
solution  of  the  Kinc-compoun<l  is  treated  with  baryta-water,  which  precipitates  dnc- 
oxide,  together  with  the  greater  part  of  tlie  adbei-ing  fibrin ;  cjirlmnic  acid  pas  is 
pai*ed  through  the  filtrate  ;  the  liquid  again  filtered  to  separate  carbonate  of  barium  ; 
the  filtrate  evaporated  to  drj-ness  in  vacuo ;  tiie  residue  exhausted  with  alcohol ;  the 
baryta  which  has  been  taken  up  by  the  edcohol  aa  chloride  of  barium,  prcxii  pita  tod  by 
sulphuric  acid;  the  liquid  iigain  tlltered,  boiled  with  oxide  of  lead,  treated  with 
ab^Iute  alcohol  to  precipitate  all  the  chloride  of  leari,  and  filtered  fiYtm  chloride  and 
sulphate  of  lead  ;  any  lead  that  may  yet  remain  dissolved  is  removed  by  sulphuretted 
hycWgeu ;  and  the  filtrate  is  evaporated  to  drj'uess  over  the  water-bath  (Pet  ten  k  of  er). 
The  residue  thus  obta.ined  contiiins  creittinine  as  well  as  creatine  (Liebig).^-^.  Tho 
boiling  aqueous  solution  of  the  Kinc- compound  is  mixed  with  ammonia  till  it  begins  to 

in  consequence  of  ttii?  pretence  of  free  odd,  nvhicb  woxild  d^compoie  thecreatlne,  and  Ipjivr  a  dark-brown 
■7rup^  tiarJng^  the  odour  oTroait  ineat^iFtiklli  would  yinld  but  atury  ibDialL  quantity  of  creatine,  evevt  Aflcr 
loag  •taDfJSng.  Thilt  anpeart  lo  be  the  reiii»on  wl\j  Ber  i  e  H  u  i  ( jAhreiben  tjij.  aS9j  Mid  F  r^  S  i  m  o  u 
(N,  Hr.  Arch,,  nntl.  ^^3)  did  no|  ftucc^e'(^d  in  pr^puirling  cfc&tiiic^, 

•  The  JtUrAte  from  ]<oultry  rt^nuiinii  clear  when  Bv»naratP<S,  and  becomeii  rotered  with  a  fUm  of  oirlH). 
nale  of  bAriunt  If  too  nvucli  baryta- water  tiai  be.fii  aiided  ;  thut  tratn  bt'ef  becomen  co?<TPd,  when  roncrn- 
inicd  to  a  Chin  ftjrur*.  wiili  a  mticnu*  >ciiin  wlikh  iwelli  up  in  vnt>  r,  hut  ii  Itgtoluble  and  tnu»t  ba 
rviuoted  ;  and  Chut  froin  veal  or  hone-flcih  u'Uli  tV1m«  which  j&f  l?  co(itlnua.l1y  reDeifcd^  ^ud  muit  be  cou- 
tluudljr  fkiicniinl  off. 
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show  turbidity,  and  then  precipjtnt<*d  with  snlpliide  of  ammonitmi ;  the  filtrate  i»Ta- 
pomted  to  a  smnll  bulk,  and  inix*H^l  with  til*f*olute  alcohol ;  and  ih«?  <?ryBt44]*i  of  crentinp, 
which  separMte  from  the  Hquid  nfltr  loitg  staniling  in  the  cold,  arp  purified  by  recryst^d- 
Itsation   from  wtLter  (HeintK).    Th&  creatioiue  remams  m  the  alcoholic  mothi^r- 

The  crystals  of  creatitie  obtAuifMl  by  either  of  theae  pToaemes  may  bo  freed  from 
wmter  of  crystallisation  by  heating  them  t o  1 00^ C,     (Liebig,) 

Proper iitt.—Ajohjdrous  creatine  forms  a  white  opaque  masi  (LiebigV  It  is  in- 
odoitTiia,  haa  a  somewhat  hitter  taijte,  aud  produeoa  a  8crat<?hing  sensation  in  the 
throat  (  L  i  e  h  i  g )«     Nentml  to  vegetable  eol  ours.     ( C  h  e  v  r  e  u  L) 

The  oompoiiition  of  creatine  dri«d  at  100°  C  is  aa  folbwa  :  — 
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a  was  obtained  &om  meat;  b^  from  cinco-cMoride  of  creatinine  prepared  from 
human  urine, 

TheAy^ra^e,  C*H"N*0',HH),fonii«  perfectly  limiwd  priffms,  l>e!onging  to  the  mono- 
clinic  system.  Inclination  of  the  clinodlagonal  to  the  prineii>al  ajiis  «  70**  20'. 
ladination  of  the  faces  ccP :  ooP  in  the  plane  of  the  orthodiagonal  and  principwil  axis 
—  I $3^  2'  (nearly).     Specific  grarity  of  the  crfatuLs  =  1*35  to  134. 

Creatine  diasolrea  in  74  0  pta.  of  waUr  at  18*^0.;  it  is  very  soluble  in  boiling  water 
and  ia  deposited  on  cooling  in  a  mass  of  needles.  It  dissolTes  in  D14IO  pta,  of  afjsolute 
a/cr>AoA  bnl  is  more  soluble  in  amteous  alcohol ;  Issolublo  in  cther^ 

DecompimtUmM,  —  1.  Hydmted  creatine,  when  heated,  first  gives  off  ita  wat*^r  of 
eryKtAlliaation  with  decrepitation ;  then  meltii  without  becoming  coloured ;  ait4.^r- 
wards  emits  an  odour  of  ammonia,  hydrocyanic  acid,  and  phosphorus;  and  lastly,  gircs 
off  yellow  fames,  which  condense  partly  to  an  oil,  partly  to  needle-shaped  crystals^ 

And  le»T«a  a  smaM  quantity  of  charcoal  (Cheyreul) 2^  The  solution  of  creatine  in 

l^permemotmaU  of  poias^um  is  decolorised  by  continued  digestion,  without 
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iation  of  gas,  the  creatine  being  decomposed  and  carbonate  of  potasitium  formed 
iebig).  The  squeoui  solution  of  creatine  is  not  decomposed  by  l>tt>iling  with^rr- 
tt^  of  lead  (L  i  e  h  i  g).  It  is  not  coloured  by  boiling  wi  th  mtreuric  « itrati  (CheTreul). 


^  Creatine  dissolred  in  strong  wVrwr^  stdphiriCt  phosphoric,  or  hydrochloric  acid,  is 
iHPiterted  into  creatinine  by  abstraction  of  nK},  the  creatinine  then  combining  with 
the  idd  (Liebig).  But  if  these  acids  are  dilute,  the  creatine  remains  untdtcred,  even 
ttfler  long  boiling,  and  the  solution  in  cold  hydrochloric  acid  leavea,  by  spontaneous 
eraporation,  crystals  of  pure  creatine  (Liebig).  If  dry  h^drochl&rie  acid  gas  bo 
passed  over  149  pts,  {1  at.)  of  hjdrated  creatine  heated  to  100°  C.»  the  weight  first 
mcreanes  by  absorption  of  hydrtiehlorie  acid ;  but  if  dry  air  be  then  passed  through 
the  appftratus  for  some  time,  water  is  continaously  given  off,  and  the  compound 
dimtaisbes  in  weight,  till  it  amounts  to  only  154*16  pts.,  and  contains  38  Od  pts.  (a 
little  more  than  1  at.)  hydrochloric  acid-  Hence  36  pts.  (1  at  of  water  of  crjHtallisa- 
tioD  and  1  at.  more  produced  from  the  creatine)  bare  been  give  a  ofi^  and  on  tlie  other 
hand,  ^*Ofi  pta.  (1  at)  hydrochloric  acid  have  entered  into  combimition  with  the 
hydnted  flNftttiie: 

C*H"NK>*  +  HCl  «  C*H^N'O.Ha  +  2H^0. 


Hj-dtaileiS 
cr«tatlr>e. 


Hjdrochlorale  of 
creatinine. 


131  pfs.  (1  at.)  of  dry  crciitine,  similarly  treated  with  hydrochloric  acid  gas,  take  up 
aboitt  18*04  pts.,  because,  in  this  case,  only  18  pts.  (1  at.)  water  are  given  off  for 
et«l7  30*4  pts.  (1  at)  hydrochloric  acid  taken  n-p  (Lie big). — The  colourless  solution 
of  creatine  in  nitric  acid  of  specific  gravity  1-34  gives  off  nitrous  fumes  when  bejited  in 
the  water-bath,  and  leaves  on  evaporntion  a  colouriess  residue  (of  nitrate  of  creatinine^ 
"ich  dissolves  in  waten  Koparates  out  therefrom  in  small  granule««  and  does  not 
pttate  dichloride  of  platinum  (Chevreul). — 4.  By  boiliag  with  a  small  quantity 
•ifta  diseolved  in  water,  creatine  is  resolved  into  sarcosino  and  urea,  which  is  then 
ly  retolTed  by  the  bar}'ta  into  carbonic  acid  and  ammonia  (Licbig) : 

C^H'NK)'  +  IPO  -  C'H'NO*  +  CH*N«0. 
CrrathiM.  SarecMiiw.  Urea. 


this  dfteompoaitton  St  reck  or  (Ann.  Ch»  Pharm.  cxviii  151)  infers  that  creatine 
Vot.  If,  H 
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(methyl- glycocme),   i.  e,  aa  ^^  J  N.        CH'  V  q  ; 


An  aqueoDi 


may  bo  regarded  ae  a  compound  of  cyanamide  (urea  minus  water)  and  sarcoBinQ 

CN    \ 

ml 

■olutioD  of  dvatino  saturated  at  the  'boiling  facatf  and  mixed  with  crystals  of  baijta 
amounting:  to  10  times  the  weight  of  the  creatine,  T^mainfl  cle^up  at  first,  but,  if  the 
boiling  be  continued,  giTPa  off  abundance  of  ammonia ;  deposits  carbonate  of  bu.rium 
at  the  same  time  ;  and,  if  fresh  baryta  b«  added  from  time  to  time,  is  ultimately  found 
to  contain  scurcely  any  thine  but  gaivosine  and  carbonate  of  barium ;  and,  if  the 
operation  ho  iiit<?iTupted  during  the  atrongest  eTolution  of  ammonia,  likewifle  a  little 
urea.  A  small  quantity  of  another  subst&noet  probably  urethane»  is  howerer  produced 
at  the  BJime  time  :  fov  if  the  aleohol  from  whidi  the  sulpbato  of  Barcofiine  haa  eryst^il- 
limd  o«t>  be  mixi>d  vrith  water,  notitraliHed  with  curwnate  of  barinm:,  filtered  and 
eTapoTOt«d  to  a  thin  sjmp,  eolourless  necdlea  ajid  laminsD  arc  ohtiiined  which  reddrn 
Htm  as  Tery  slightly,  fiifio  and  volatilise  when  heated,  without  leaving  baryta,  and  dis- 
eolve  in  water^  in  alcohol^  and  in  30  pts.  of  ether  \  their  aqueous  solution  do«j  not  pre- 
cipitate the  a&lta  of  bariam,  calciumt  or  silver,  or  m^utral  acetate  of  lead,  or  corrofiivo 
suxiliiDate  (Liebig)» — fi.  The  aqueous  solution  becomes  turbid  by  long  standing 
(i^  aooording  to  Liebig,  it  contains  a  tmce  of  foreign  organic  matter),  and  evolves  a 
lickening  &mmoniacal  odour  (Chevreul), —  6*  When  nitroua  geut  is  passM  into  a 
solution  of  creatine  in  nitric  acid,  an  alkali  is  formetl,  having  the  composition  CNH* 
(DessaiKUGfl)* — 7.  When  an  aqueons  solution  of  creatine  i»  heated  with  mercuric 
weide,  earbonie  acid  is  evolved,  and  methyluramine  (CPHT^')  obtained  in  tho  form  of 
ao  oxalate  (Bossaigues)  i 

2C^M»N»0»  +  0*  =  2C^HT?»  CfH'O*  +  2C0*  +  H*0, 
Creatlcie.  Oxaltt*  of  mothyl- 

ur  amine. 

The  same  transfoirmation  is  effected  by  a  mixture  of  peroxide  of  lead  and  sulphuric 
acid  (Besaaignes).^ — B.  Hot  nitrtG  acid  decomposes  creatine,  yielding  methyl- 
amine  and  ammonia  (Bessaignes). —  9.  Creatine  heated  with  soia4imet  gives  oS 
methylamine.     (Doaaaignes.^ 

Saxts  of  Creatine,  Creatino  is  a  vciy  weak  base,  not  being  capable  of  neutral' 
ising  the  weakest  acida,  even  when  added  in  very  large  qnantity,     (Liebig.) 

Sulphate  of  Creatine,  2C*H"N*0».80*H»,  and  the  HydrocM&raie,  C^fl^N'O^.Ha,  ara 
obtained  in  fine  prisms  by  dissolving  creatine  in  the  prcmer  quantity  of  acid,  and 
evaporating  the  solution  at  30°  C.  or  m  va^uo ;  they  are  soluble  in  water  bnt  not  deli- 
^nescent.     (Bessaignes,) 

I^iirate  of  Crmtint^  C'H'N*O^.K0*H.^ — Obtained  by  dissolving  ciyatalHsed  creatino 
in  the  requisite  quanti^  of  nitric  acid,  and  erBpomting  the  solution  at  30^  C;  or  by 
passing  a  rapid  stream  of  nitrous  gas  through  water  containing  an  excess  of  creatine  in 
suspension.  The  creatine  dissolves  with  tolerable  rapidity,  and  a  considerable  quantity 
of  small  sbining  crystala  of  the  nitrate  are  formed,  which,  when  reerystulliatHl  by 
dissolving  them  in  lukewarm  water  and  cooling,  form  thick  short  prisma.  This  salt  is 
leas  soluble  in  water  than  the  aulphato  or  hydrochlorate.  The  solution  haa  a  very  sour 
taste,  and  is  decomposed  by  ammouia  with  precipitation  of  creatine.     (BessaigncB.) 

From  a  solution  in  warm  baryta- water,  creatine  cr)'{»talii&c;a  on  cooling  without 
tak  ing  up  any  baryta.     (Liebig.) 

The  aqueous  Boiution  of  creatine  does  not  precipitate  chloride  of  barium,  basic  acetate 
of  lead,  ferric  aulphato,  cupric  sulphat-e,  nitrate  of  sEver,  or  dichloride  of  platinum 

iChevreul).  It  does  not  precipitate  chloride  of  zinc,  unless  it  eontaina  creatinine 
Heintz).  Tho  warm  non-boiling,  aqueous  solution,  added  to  chloride  of  zinc,  does 
net  throw  down  any  cnrstalline  compound,  but  yidda  tho  creatine  in  the  separate  state 
on  pocjling  (Liebig).  On  boiling  the  mixture,  tho  zinc- precipitate  is  formed  (Heintz), 
prtibably  from  conversion  of  the  creatine  into  creatinine. 

CTXSATXIO-XKII,  C*H^»0 or  C^ITJ^a^.  (Liebig,  Ann.  Ch.  Pbarm.  Ixii.  298  and 
32i.—- Heintz,  Pogg.  Ann.  Ixii.  602  ;  Ixxiii.  fi95;  bcxiv,  125,)  — Heintz  and  Fotten- 
kofer,  in  181:4,  and  nearly  at  the  samo  time,  discovered  in  human  urine  a  uitrogeunua 
Bubstanco  which  fonned  a  crystalline  precipitate  with  chloride  of  zinc  The  crystiilline 
tubrtjyice  eeparated  from  this  precipitate  was  regarded  by  Pettenkofer  as  a  peculiar 
cmnpound  =  C"H"N*0'  [plainly  a  mixture  of  croatine  and  creatinine],  by  Hointa»  at 
first  as  an  acid,  and  afterwards  aa  creatine,  till  Liebig,  in  18-17i  shoved  that  it  was  a 
mixture  of  cnatine  and  crentinine,  which  latter  he  had  just  before  discovered 
and  investigated,  having  obtained  it  by  decomposing  creatino  with  concentrated 
acids. 

Soufwe, — L  In  human  uria«,  to  tbe  amount  of  O'S  per  cent  (FettenkoferX  ao^i 
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Aoeordiiie  lo  Hein  ts,  liieiriBe  in  the  tmne  ofhon^s  and  other  mammalia.  SocololF 
h«ji  found  it  in  the  uriDe  of  horses  and  of  colvea. — 2.  Id  muficuLir  flesh.  An  it  oceura 
ift  the  mother-lii^uor  of  the  cretitino  prepare  from  flesh,  nod  aa  dilute  acids  do  not 

rt  creatine  into  creatiniae,  we  cannot  suppose  that  this  creatinine  of  muscular 

ia  formed  by  heating  the  decoction  of  tho  flesh  (Lie big,  see  p,  97).  —  3.  In 
.  (Vcrdeif  and  Marcet) 
FarmaiHom. — From  ezeatinep  by  (he  action  of  the  stronger  mineral  acids. 
JVtporaAofi —  I.  From  Human  urme, — a,  Freah  human  Tinne  is  neutralised  with 
carbonate  of  sodium,  and  evaporated  below  100°  C.  to  a  syrup  (till  the  salts  crystallise 
oat,  according  to  Liebi^) ;  this  aynip  is  exhausted  with  alcohol ;  the  filtrate  mixed  with 
•  eooioentrated  solution  (alcoholic^  according  to  Heintz)  of  chloride  of  sine,  whidi 
at  flflit  throws  down  a  brown  amorphous  precipitate^  containing  sine  (phosphate  of 
niie»  aeooirdiDff  to  HeiutsX  then  after  sererui  hours^  cr^'^stalline  grains ;  the  wbob  of 
the  pradpttajte,  after  standing  for  some  time  is  coUected  on  a  Alter  (lleintz  washes  it 
vith  VMk  akohol);  boiled  with  vt'at^r,  which  leayes  the  amomhous  precipitati?  undis- 
iolTed  ;  and  the  filtrate  evaporated,  —  whereupon  it  yields  yellow  cxratals,  which  m  ay 
be  freed  from  adhering  salts  by  repeated  boiling  with  strong  alcohol  (Pe  tte  n  ko  f  er).^ — 
K  Fweh  human  m*ine  is  neatralised  with  milk  of  lime ;  chloride  of  calcium  added  as 
long  as  a  precipitate  of  phoiphat«  of  calcium  continuea  to  form  ;  thi?  filtrate  evaporated 
till  the  salu  Cfyiitallise  out ;  32  pts.  of  the  mother-liquor  mixed  with  1  pt.  of  chloride 
of  sine  dioMlT^  in  the  smallest  possible  quantity  of  water;  the  mixture  set  aside  for 
fbordajs;  and  the  ziRo^eompound  which  separates  in  nodules  washed  with  cold  water 
(Liebig). — c  Putrid  human  urine  is  boiled  with  excess  of  milk  of  lime  tUl  it  no 
loDfler  giras  oiff  ammonia ;  the  filtrate  is  eraporatod  to  a  eynip^  and  mixed  as  abore 
with  emoride  of  zinc;  and  the  crystals  which  form  after  long  stiiodingj  are  washed. 
(Liebig;  see  alao  Dessaignes,  J.  Pbarm.  [3]  xxxii.  42.) 

To  pioify  the  oystala^  it  is  not  goo<l  to  use  bone-charocol,  which  occasions  great 
lose; — ^but  thejmust  be  dissolved  in  hot  water ;  the  solution  mixed  with  ammonia  till 
a  pfl<eci|iitate  begins  to  form ;  the  precipitation  completed  by  means  of  sulphide  of 
ammoninm ;  the  filtrate  highly  concentrated  and  mixed  with  absolute  alcohol  [  tha 
nearly  white  aystals  of  creatine  and  creatinine*  which  are  oLtained  b^  cooling  the 
solution  to  a  low  temperature,  dissolred  in  the  amaUest  possible  quantity  of  boiling 
— '— ;  the  solution  mixed  with  alcoholic  chloride  of  rinc;  and  thfl  precipitate,  which 
on  setting  the  liquid  aside  in  a  cold  pkee,  washed  with  aleonol.  The  above- 
modher-liquor  of  creatine,  whica  Likewise  contains  Bal-ammoniac,  sil^o 
witli  alooholic  chloride  of  zinc,  a  precipitate  which,  when  purified  by  cryatal- 
I  from  boiling  water,  yields  the  nine-compound  in  white  crystals.  (Heinte  ; 
M0  alio  Lobe,  J.  pr.  Chem.  IxxxiL  170;  E^p.  Chim.  pour  1861,  p.  25.) 
TIm  iijic*eompoiind  is  then  decomposed  with  hydrate  of  lead  in  the  manner  de- 
**  *  at  page  96,  and  the  mixture  of  creatine  and  creatinine  thus  obttiinrd,  is 
'  in  the  cold  with  rery  strong  alcoholt  which  dissolves  the  creatinine  and  leares 
ttne :  great  care  must  be  taken  to  aroid  rise  of  temperature^  otherwise  some 
the  creatine  will  also  be  dissolved  (Neubaner,  Ann.  CL  Fharm.  cxix.  27.) 
The  quantity  of  creatinine  in  urine  may  be  Teiy  exactly  estimated  by  precipitation 
'  h  an  alcohoHe  solutiou  of  chloride  of  dnc  800  cc  of  urine  are  treated  with  milk 
iiaue  and  chloride  of  calcium  as  above  ;  the  liquid,  filtered  after  stand mg  for  two 
is  evaporated  to  dryness  over  the  water-bath ;  the  residue,  while  still  warm,  is 
«d  for  i  or  5  hours  with  30  or  40  cc  alcohol  of  95^;  the  liquid  is  filtered;  tli« 
rondne  washed  with  small  quantities  of  alcohol ;  the  liquid,  evaporated  if  necessary  to 
a  vi^me  of  40  or  50  cc^  is  mixed^  after  cooling,  with  0-6  cc  of  an  alcoholic  solution 
«f  cbJonde  of  nnc  (density  1-2),  then  brisldy  agitated,  and  left  to  itaelf  for  3  or  4  day;* 
KB  ft  cellar :  and  the  crystals  thus  obtained  are  washed  on  a  weighed  filter  with  a  small 

-'    of  alcohol  then  dried  at  100°  C.  and  weighed     In  this  manner  the  quantity  of 

e  voided  in  24  hours  in  the  urine  of  a  healthy  man  weighing  5i-6  kiL  was 
to  bo  1"166  grm.,  that  is  to  say,  0*0214  grm-  per  kilogramme. 
2.  F\rom  Hirru-urinf^ — The  urine,  which  Hassan  alkaline  reaction,  is  neutralised 
liydi«kchloric  acid,  evaporated  to  a  smaU  bulk,  and  then  mixed  with  an  additional 
qaantity  of  hvdrochloric  acid;  the  liquid  separated  from  the  precipitated  hippuric 
scifl  is  neutralised  with  milk  of  lime,  and  evaporated  nearly  to  dryness  over  the  wuter- 
l*^h:  the  nssidue  repeatedly  boiled  out  with  alcohol;  and  the  alooholic  solution 
(nixrd  with  a  small  quantity  of  chloride  of  xinc :  it  then  gradually  deposits  a  brownisli- 
;«Uow  precipitate  of  sineoehloride  of  creatinine,  from  which  creatine  and  creatinine 
mm  be  obCuned  as  above,    ^ocoloff,  Ann.  Ch.  Pharm.  IxxviiL  243.) 

a.  From   Ceived  Mfine. — The  fresh  urine  evaporated  to  a  small  bulk  over  the 
vativ-bath,  and  filtered  while  hot  from  the  amorphous  precipitate  thereby  formed, 

ei^^er  a  few  days,  a  aystalUue  mass  coniristbg  of  aUantoin,  together  willi  a 
OBantitT  of  plioephAte  of  sodium  aud  ammonium ;  and  on  washing  this  crystalline 
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maiw  with  <?oId  watar,  and  reprystallking  tho  residue,  cryatala  of  pure  allantoin  aro 
obtained.  The  motkeT-liquor  fiUei-ed  from  the  allanf  oin  is  mbc(?^d  with  alcohol,  which 
throws  down  sulphi'itfPi,  mui.?ou3  mattor,  the  g^routpr  part,  of  the  phosphot^^,  and  a  hirpo 
qmuitity  of  colouring  matter ;  and  the  filtrate,  which  ia  still  considerably  coloured,  is 
fitoed  from  th«  renukiuder  of  the  phoaphoric  acid  by  means  of  chloride  of  calcium,  and 
lastly  mixed  with  a  concentrated  solution  of  chloride  of  zinc ;  it  then  yieldfl  a  precipitate 
of  zincochlorido  of  creatino,  which  coutinueg  to  increase  for  several  iiya.     (Socoi  off) 

4.  From  Blood. — A  oonsidemble  quantity  of  fresh  ox-blood  (about  Squarta)  is  fre€{l 
from  fibrin  and  blood -corpiwlea  by  stirring,  and  from  albumin  by  hf  nt  j  then  Eltered 
through  linen,  and  oTajiomted  orer  the  water-bath  with  addition  of  a  little  powdered 
gypsum,  which  nemo^es  an  ftlbuminoua  Bubstanee  not  coagulahle  by  heat^  aa  well  as 
Bome  additional  blood-oorpuscloa,  and  pnscipitiite^  the  siLponlfiablc  fats.  The  liquid  is 
then  evaporated  to  one-fourth  of  ite  bulk,  again  filtered,  and  tho  colourless  filtrate 
evaporated  to  dryness  at  a  Teiy  gentle  heat,  whereupon  nesirly  all  the  chloride  of 
sodium  erystaUiaea  out.  On  treating  the  residue  with  small  quantities  of  absolute  al- 
oohol  till  nothing  more  is  disaolred,  and  expelling  the  greater  part  of  the  alcohol  fiy 
hcat>  tho  solution  yields,  on  cooling.  Boudet's  seroline  (Ann.  Ch.  Phys.  lii.  337),  the 
quantity  of  which  increases  on  a*lilitioii  of  a  small  quantity  of  water.  The  liquid  fil- 
tered ftom  the  sepoline  fields,  on  a^lditton  of  a  small  quantity  of  aolution  of  chloride  of 
line,  sometimes  immediately,  sometimes  after  a  few  hours,  a  partly  crystalline,  partly 
amorphous  precipitate,  which  is  but  partially  soluble  in  boiling  water.  The  insoluble 
portion  ia  resinous,  and  appears  to  be  a  compound  of  ehloride  of  linc  with  a  peculiar 
organic  substance;  the  solable  portion  consists  of  the  mncochloride  of  creatinine.  The 
quantity  thus  obtained  is,  however^  but  smalL    (Verde il  and  Marco t,  J.  Pharm.  [3] 

5.  From  Mu9Ctdar  Fltih, — -The  mother-liquor  of  creatine  is  treated  with  alcohol  to 
precipitate  the  inoaate  of  potaasiura  or  barium;  the  filtrate  eviijKfrated  over  the 
water-bath ;  the  residue  boiled  oat  with  alcohol^  which  takes  up  all  tho  creatinine,  to- 
gcthrr  with  a  little  creatine,  and  leaves  a  residue  consisting  chiefly  of  chloride  and 
lactate  of  potassium ;  the  filtrate  mixed  with  chloride  of  «inc ;  and  the  crystids  of 
fcincochloride  of  creatinine,  which  form  after  a  while,  decomposed  as  above  with  hy- 
drated  oxide  of  lead.     (Liebig.) 

6.  From  Crratine. — tt.  Hydrochloric  acid  gas  is  passed  to  saturation  over  creatine 
heated  to  100^  in  a  Liebig*s  drying  apparatus,  then  dry  air  as  long  as  water  continues 
to  esiQiipe ;  or  the  solution  of  creatiup  in  strong  hydrochloric  acid  h  evaporated  to  dry- 
ness in  the  water-bjith.  The  hydrochlorate  of  creatinine  obtained  by  either  of  these 
methods  is  then  dissolved  in  24  pts.  of  water ;  the  solution  kept  at  the  boiling  heat  in 
a  busin  ;  perfectly  pur^hy drat ed  oxide  of  lead  macenited  in  water  abided  to  it  by  small 
portions  till  it  becomes  neutml  or  slightly  olkabne,  and  tht-n  tlin^c  times  as  much  of  the 
nydrated  oxide  of  lead,  until  the  liquid  becomes  paaty  from  formation  of  oiyeWtiride 
of  lead-  The  liquid  is  then  filtered!  and  the  precipitute  well  washed;  the  filtrut« 
treated  with  a  small  quantity  of  blood-^?harcoal  to  remove  any  lead  that  may  «(ill  re- 
main dissolved ;  the  liquid  again  filtered,  and  the  flltrata  evaporated  and  cooled  to 
the  crystallising  point  (Liebig). —  k  The  solution  of  1  pt.  cnyitino  in  1  pt.  oil  of 
Titriol  and  3  pts.  water  is  evajwrated  till  all  moisture  ia  removed;  the  remaining  sul- 
phate of  creatinine  hoQed  with  water  and  very  pure  carbonate  of  barium,  till  it  be- 
comes alkaline;  and  the  solution  filtered  and  left  to  crystaHise.     (Liebig.) 

Propfftifs. — Colourless  prisma  belonging  to  the  monochnic  system.  Dominant 
faces  «o  P  .  eP .  ce  P  oo.  Inclination  of  the  faces  oP :  oo  P  ao  **  69°  24' ;  ota  P  ;  oo  P  in 
the  plane  of  the  orthodiagonal  and  principal  axis  *=  98°^  20'.  Creatinine  in  the  state 
of  concentrated  solution  htis  a  caustic  tiiste,  like  that  of  dilute  ammonia.  It  blues 
reddened  litmus,  and  reddens  turmeric  (Liebig).  DissolveJ!  in  1 P5  pts.  of  waiter 
at  16** C,  and  much  laore  abundantly  in  hot  water;  in  102  pts.  of  absolute  alcohol 
at  16^,  and  moro  abundantly  in  hot  alcohol,  from,  which  it  crystallisea  on  cooling. 
(Liebig.) 
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Ikcompfm'tions.  —  1.  Creatinine,  under  cert4iin  circumstances,  takes  up  1  at.  trntn;  and 
IS  reconverteil  into  creatine.  The  dilute  solution  of  liy<lrorlil orate  or  sulphate  of  crea- 
tinine slightly  Bupersjiturafed  with  ammonia  and  evaporaU'd,  yields  a  few  crystals  of 
creatine  (Heintz),     Creatinine  enclosi'd  in  a  bottle  with  sumdeut  water  to  dissolve 
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it,  yields  in  tbe  ooime  of  biz  xnonthB  a  few  ciystals  of  creatine ;  if  ammonia  be  added 
to  the  liquid,  the  quantity  of  creatine  prodaced  is  considerably  greater.  The  same 
transformation  takes  place  in  presence  of  neutral  salts,  and  is  accelerated  by  heat 
(Dessaignes,  J.  Pharm.  [3]  xxxiL  41 ;  see  also  Zincochloride  of  Creatinine, 
infra).  2.  Creatinine  is  decomposed  by  mercuric  oxide  in  the  same  manner  as  creatine 
(p.  98X  yielding  methyluramine  (Dessaignes);  also  by  permanganate  of  potassium 
(K  e  n  b  a  u  e r).  3.  Nitrous  acid  passed  into  the  aqueous  solution  of  creatinine  converts 
it,  with  evolution  of  carbonic  add,  into  the  nitrate  of  a  very  weak  base,  C*H'*N*0' 
(Dessaignes,  loc  cit;  see  also  page  102): 

2C*H'N»0  +  0'  -  C^»»N«0«  +  2C0«  +  2H*0. 

4.  Heated  with  iodide  of  ethyl  and  alcohol  or  ether,  it  yields  iodide  of  ethyl-creatinine 
and  hydriodate  of  creatinine. 

Sulphate  of  Creatinine,  2C*H*NK). — An  aqueous  solution  of  creatinine  saturated 
at  a  boiling  heat  and  mixed  with  dilute  sulphuric  acid  till  it  acquires  a  strong  acid 
reaction,  leaves  on  evaporation  a  white  mass,  whose  solution  in  hot  alcohol  becomes 
turbid  on  cooling,  then  clear,  and  deposits  transparent,  colourless,  quadratic  tables, 
which  remain  transparent  at  100^.    (Lie big.) 

Hydriodate  of  Creatinines  OH'N'O.HI,  is  produced,  together  with  iodide  of  ethyl- 
creatinine,  in  the  preparation  of  that  compound  (p.  102),  and  remains  in  the  mother- 
liquor  after  the  latter  has  crystallised  out.  It  is  very  soluble  in  water  and  in  alcohol, 
and  may  be  obtained,  by  repeated  crystallisation  from  water,  in  large  transparent,  some- 
what vellowish  crystals.  The  aqueous  solution  mixed  with  acetate  of  sodium  and 
chlorioe  of  zinc,  yields  a  precipitate  of  zinco-chloride  of  creatinine.     (Neubauer.) 

IfydrochloraU  of  Creatinine.  C^H'N'O.HCL  Preparation  (iL  100,  6). —Crystallises 
from  solution  in  boiling  alcohol  in  transparent  colourless  prisms,  and,  by  evaporation 
of  the  aqueous  solution,  in  transparent  laminffi  which  redden  litmus.  Dissolves  very 
readily  in  water.     (Liebig.) 

ZincochloHde  of  Creatinine.  C^H'N'O.ZnCL  Preparation,—  !,  (p.  100).— 2.  By 
mixing  creatinine  and  chloride  of  zinc  in  the  state  of  concentrated  aqueous  solutions. 
Both  processes  ^eld,  with  greater  rapidity  as  the  mixture  is  more  concentrated,  deli- 
cate needles  united  in  nodiues,  or  prisms  (Pettenkofer),  belonging  to  the  monoclinic 
system,  with  terminal  faces  inclin^  82°  30'  to  the  principal  axis  (K.  Schmidt,  Ann. 
Ch.  Pharm.  bd.  332).  The  crystals  give  off  only  a  trace  of  hygroscopic  water  at  120°  C. 
When  the  creatinine  is  se[Mirated  from  this  compound  by  means  of  hydrated  oxide  of 
Irad  or  sulphide  of  ammonium  (p.  99),  more  than  J  of  it  is  found  to  be  converted  into 
creatine,  and  in  larger  proportion,  apparently,  as  the  solution  of  the  zinc-compound 
used  was  more  dilute.  If,  therefore,  after  the  creatine  has  been  separated  from  the 
resulting  liquid  by  evaporation  and  cooling,  with  addition  of  alcohol,  the  mother- 
liquor  containing  the  rest  of  the  creatinine  be  repeatedly  precipitated  with  chloride  of 
nnc,  and  the  precipitate  decomposed,  &c,  nearly  all  the  creatinine  may  be  converted 
into  creatine  (Heintz  and  Dessaignes).  *  Zinco-chloride  of  creatinine  dissolves 
sparingly  in  alcohol,  but  is  insoluble  in  strong  alcohol  and  in  ether  (Petten- 
kofer). It  dissolves  in  9217  pts.  alcohol  of  98°  and  in  6743  pts.  alcohol  of  87°. 
(Neubauer.) 

Chloride  of  zinc  likewise  combines  with  hydrochlorate  of  creatinine^  forming  the 
compound  C^H'N'O.HCl.ZnCl,  which  is  obtained  in  large  crystals,  very  soluble  and 
strongly  add  to  the  taste,  by  dissolving  the  zinco-chloride  of  creatinine  in  hydrochloric 
acid,  and  evaporating  to  a  syrup  (Dessaignes,  J.  Pharm.  [3]  xxxii.  43).  The 
solution  mixed  with  acetate  of  sooium,  yields  a  precipitate  of  zinco-chloride  of  creati- 
nine.    (Neubauer,  Ann.  Ch.  Pharm.  xx.  267.) 

Creatinine  also  forms  with  chloride  of  cadmium^  a  crystallised  compound  C'H'N'O. 
CdCl,  more  soluble  in  water  than  the  zinc-compound,  and  sometimes  appearing  to 
crystallise  with  1  at.  water.     (Neubauer), 

With  eupric  salts,  creatinine  forms  crystallisable  double  salts  of  a  fine  blue  colour. 
(Liebig.) 

When  mixed  in  aqueous  solution  with  corrosive  suhlimate^  it  immediately  forms  a 
white  curdy  precipitate,  which  changes  in  a  few  minutes  to  a  mass  of  delicate  colour- 
less needles  (Liebig^.  With  mercuric  nitrate^  it  forms  a  crystalline  compound, 
2/C*H^NK).]^N0»).Hg*0,  which,  when  decomposed  by  sulphydric  acid,  yielas  fine 
oystals  of  nitrate  of  creatinine.     (N  e  u baucr.) 

With  concentrated  solution  of  nitrate  of  silver^  it  coagulates  immediately  into  a 
mass  of  delicate  white  needles,  which  dissolve  readily  in  hot  water,  and  crystallise 
oat  again  unchanged  on  cooling  (Liebig).  According  to  Neubauer,  they  contain 
2(C*H'NK).AgNO^).AgH). 

The  clear  mixture  of  dilute  hydrochlorate  of  creatinine  and  dicMoride  cf  platinum 
(or  of  hydzochlaric  add,  creatine,  and  dichloride  of  platinom),  yields,  by  slow  erapo- 
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riitfon,  tranKparent,  atirora-r<»d  prismR,  and  by  quicker  evaporation,  pwitdps  ifrhich  di»f- 
iiolve  readily  in  WHter,  leas  quickly  in  alcohol,  and  contain  30^53  per  cent,  pl&tinimi, 
wbciK'e  they  probably  consist  of  C*H'>''0.HC1.RCR     (Li ebig,) 

Sthrl-cniLtliiliie.  C'H"NK)  -=  C*H'(CrH*)N*0  (Nenbauer,  Ann.  Cli,  Phami. 
xix.  51 ;  %x.  2q7  ).—Tho  ifMirde  of  tMs  base,  C"H**N'OI,  is  produced  by  enclosing  311 
grras,  of  crt^atinine  with  rather  more  than  an  equivalent  quantity  of  iodide  of  4»thyt 
and  about  40  per  cent,  of  absolute  alcohol,  in  a  aealed  tube  and  heating  the  mixture* 
to  lOCP  C.  for  several  hours,  A  crj'stalline  pidp  ie  thus  obtained^  which,  when  purified 
by  aererol  recrystallisations  from  abKolnte  aloohol,  yields  the  iodide  in  long  shining 
needles,  very  soluble  both  in  water  and  io  tdcohoL 

By  trt'rtting  the  iodide  with  oxide  of  silver,  carefully  avoiding  an  exc<^  and  era- 
po rating  the  filtrate  in  vacuo,  a  radio- cryutHlline  mass  is  obtained,  cousiating  of  the 

hj/dratf  of  t'tk^i-crmtinim  g^jO  +  Jaq,  very  soluble  in  watiT  and  alcohol, 

insoluble  in  ether.  From  solution  in  warm  absolut4>  Jilcohol  it  crj^staUiseis  on  cooling, 
in  fine  needlefl,g^upcd  in  nodules.  It  is  not  deliquescent.  The  at^neoua  solution  is 
stron|*lv  idkaline,  h^3  a  hitter  taste,  precipitates  sesquichloride  of  iron  and  sails  of 
idumiumm,  and  expels  ammonia  from  its  salt«  when  heated  with  them. 

The  rhloride  C*Ii'*K'OCl  is  obtained  by  slightly  supersaturating  the  aqueous  solution 
of  the  ba.He  with  hydrofdiloric  acid,  and  evaporating,  a^  a  crystalline  mnAS  composed  of 
interlaced  needlts,  veiy^  soluble  in  water  and  alcohol,  inHoluble  in  ether.  The  sohition, 
mixed  with  dichlorido  of  platinum,  pelds  the  chiori'platinate^  C*ll*'N*OCLPtCl^  in 
fine  [>nsniH. 

Hydrate  of  ethyl-creatininc,  boated  in  a  scaled  tube  with  iodide  of  ethyl,  does  not 
yield  a  comi^KJund  containing  another  atom  of  ethyl,  but  merely  iodide  of  ethyl-creati' 
nine  and  alcohol: 

Hence  ethyl-creatinino  may  be  regarded  as  an  ammonium-base^  and  creatinine  itself 
as  a  tertiary  amine,  N.(C<ri'NK))  . 

Hascs  produced  fr&m  Crcaiine  and  Crtniinine  fty  the  actum  o/Niirov^  Add, 

a.  C'n"»N'0".  (Deseuignes,  Compt.  rend.  xli.  1258;  Ann.  Ch.  Pharm.  x«nrii. 
330.) — ^Whcn  nitrons  iicid  gas  is  passed  into  an  uqueous  solution  of  c-rcatinioo,  car- 
Wnie  acid  escapes,  the  liquid  becomes  brown  and  turbid,  and  after  a  few  hours  thw 
nitrate  of  the  base,  C*H'*N*0*,  separates  in  small  ycBowiah  indistinct  ciy^stals,  which 
bc<:onie  thick  if  left  for  some  time  under  the  liquid.     The  rcJiction  is ; 

2C<H'K'0  +  O^  ^  C«ff»N«0"  +  2CO^  +  2H'0. 

This  compound,  which  appears  to  he  likewise  formed  in  smaJl  qnantitv  by  the  action 
of  nitrous  acid  on  creatinet  is  a  very  weak  base,  its  salts  being  partially  decomposed 
even  by  solution  in  water.  Ammonia  added  to  the  solutions  t£m>W8  down  the  ba!*e  as 
a  whit^T  amorphous,  ta^telcHS  powder,  insoluble  in  water,  but  soluble  in  dilute  acids  st 
a  gentle  heat.  Some  of  the  salts  czrstallise  from  their  solutions  on  cooling.  The 
hifdrocMA^mte,  2C"H»**N*0\3HCl  +  GH'O,  forms  long  deeply  striated  prisms ;  the  cA/o- 
ropintinatt',  which  is  moderately  soluble  in  water,  forms  lai^ge  crystals^  consisting  of 
2C*H"N*a".3HC1.3RCP  +  6H^, 

0.  C*H*NW,  (Dessaignea,  he,  cit,)  —  Produced,  together  with  oxiiHc  acid  and 
chloride  of  ammonium,  by  heating  the  baaie  a  with  hydrocfilorie  acid ; 

Crystallises  in  long  shining  prisma  or  laminae  \  dissolves  slowly  in  cold  water,  easily  in 
hot  water,  slightly  in  ether ;  has  an  unpleasant-^  almost  metallic  taste ;  melts  and  vola- 
tilises without  decomposition,  and  bum*  with  flame  without  kaving  any  residue.  It  has 
a  slight  acid  reaction ;  docs  not  precipitate  tlie  salts  of  calciuni,  barium,  lead,  coppex.  or 
jsinc  or  cldoride  of  mercury,  or  nitmte  of  silver  in  dilute  ^hition.  Bessaignes  regardj* 
this  lx)dy  as  identical  with  that  which  Liebig  obsened  to  bo  produced,  together  with 
aareoftine,  by  tho  action  of  baryta  on  creatine  at  the  iRiiling  heat  (p.  97).  Stiideler 
(Ann.  Ch.  Tharm.  cxviii.  151)  points^  out  that  it  has  the  composition  of  metbyl*pam- 

banic  acid,  C'HfCH»)N»0»  ==  3^.(00 )''(C»0=)^CH".H. 

y.  C'H*N.  (bessaignefl,  Compt.  rend,  xxxviii.  83&.) — When  nitrons  add  is 
passed  into  a  solution  of  creatine  in  nitric  acid,  a  krge  quantity  of  gas  is  erolTed,  nnd 
on  nentndTsing  with  potash,  separating  the  greater  part  of  tbo  nitj^to  of  potassium 
by  crystallisation,  and  adding  nitrate  of  silver,  crys^tals  are  obtained^  consisting  of 
C*H'N.AgNO'*  They  dissolve  in  hot  water,  and  tiflt  r  several  crystallisations  assume 
tho  forta  of  long  white  necdleis.     When  diMSompoeed  by  excess  of  hyilroebloric  acid, 


d 


CREDNERITE  —  CREOSOTK 


103 


tiiey  yiM  the  nifcrate,  C*H*X.HKO'»  in  the  form  of  a  fibrous  maas  of  email  priimt 
I  living  [i  Yi-ry  ?our  tafite.     The  ekloromercuraU  CTTStdlises  in  long  priamH. 

Ci^/eroua  Manganese,  3Chi^,2IHii<U*  —  A  mineral  fomid 
var  Fredericlisrode  ia  the  Thiiringer  Wald,  together  with  peUomciaoe  imd  hMumaji- 
it^.  It  occiirs  in  cry&taUo-laminar  it^gregatioDs,  eloaving  irith  modertito  difitiiictii«iM 
I  two  diTiH^tions  jmrallel  to  the  fiidea  of  a  monodinic  pmm^  very  distinctly  parallel  to 
F  the  base.  Fracture  uneven.  Colour  iron-b luck-  Streidt  black.  Luatre  vitreou%  atrongest 
■  citD  the  perfect  cleaTag|e-fuce.  Opaque,  Specific  grarity  «  4*9  to  51.  Hardness  a 
14-0 — 4-6.  Thin  kmime  mtlt,  at  the  edges  oiily,  when  strongly  heated  before  the 
I  Uoirpip^  With  borax  it  form*  a  diirk  violet  gliis« ;  with  pho«phoni8-i!alt  &  green 
,  beooming  blue  on  coolmp,  and  copper-red  in  the  inner  flam*?.  Iljdrochloric  acid 
^reflitiwith  eTolution  of  ehloriuLS  forming  a  green  solution. 
Analjiefl  a,  b^  e^  hj  Eitmmeiiiberg  (Pogg.  Ana.  buudv,  M9);  d  by  Credner 
\lihid,  IxadT.  &&^y 
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The  fonnuhi  3Cu'0.2Mti*0»  requires  42'9  per  cent.  Cu^,  and  67'1  Mn=0;  tho 
r  mlnM-ad  often  contains  excesa  of  oxidi.^  of  manganese. 

EC   and   AfOC&SlfXO    AC1I1S«     (BerzeliiiEi,   Fi>gg.    Ann.  liii.  84; 

I  2C older,  Ann,  Ch,  Pharm.  xxxri.  "243),*^ Organic  acids  exifiting,  acconling  to  Ber- 

fseliua,  in  Tegetable  mould  and  in  the  ochreous  deposits  of  ferruginous  waters.     (The 

I  vonl  ertme  is  derired  from  k^jjvtji,  a  spring.)     They  were  first  obtaitiiHi  from  the 

\  water  of  Porla  in  Sweden.    According  to  Berselios^  the  yellow  deposit  which 

liormi  in  ^amgiiious  waters  eonteins  these  ftcids  in  the  form  of  basic  Mdts.    They 

extracted  by  boiHng  the  deposit  with  potash,  filtering,  suporsaturating  the  liquid 

with  flc«tic  add,  and  adding  a  eolutioo  of  acetate  of  copper,  as  long  a?  a  dark  brown 

ferccipitAte  continues  to  form.     This  precipitate  contains  the  apocrenie  acid.     The 

liqaid  is  ftlterod,  aaturnt^-Hl^  or  slightly  superHaturatcd  mth  carbonate  of  ammonium, 

I  ttnd  acetate  of  copper  again  added  as  long  m  a  greenish- white  precipitate  ia  produced. 

[The  precipitation  is  completed  by  heating  the  mixture  which  contains  the  crenio 

leid  to  80**  C. ;  the  crenic  acid  is  more  abundant  than  the  apocrenic.     Both  procipi- 

I  are  de<oofnpo§ed  by  liur^p'^nding  them  in  water,  and  passing  a  atream  of  anJphu> 

Ifogeo  through  thi^  liquid. 

The  cfwific  acid  is  isolated  by  evaporating  the  filtered  liquid  in  racuo.     The  product 

[  llins  obtained  still  retains  a  obtain  qtmotitj  of  earthy  crenates,  from  which  it  may  bo 

Lpeparatod  by  means  of  absolute  alcohol,  which  dissolves  the  acid  and  leaves  the  salts, 

ImmL  sraporating  the  alcohol  in  vacuo.     As  tlni«  obtained^  it  is  pale  yellow,  uncrj-atal- 

"  *  ,  tnoBparont,  hard^  and  fiasured  •  its  tu^t^  is  acid  at  first,  afterwards  astring^'Dt. 

f With  the  alkidis  it  forma  nentnd  and  acid  saJtf,  which  are  uncryHtaUisable,  aoluble  in 

rater,  insoluble  in  alcohol,  and  resemble  vegt'table  extracts  in  appearance.     They  are 

I  jreliow,  and  torn  brown  in  the  air  from  formation  of  aprocenic  acid. 

1     Apoet^nie  aeid  is  brown,  sparingly  soluble  in  water,  more  solulde  in  absolute 

IftleoDOl,  and  has  a  very  astringent  t-aste.     The  apocrcnates  of  the  alkaHs  reaemldc  the 

^^erenatei,  excepting  that  they  are  black. 

Both  adds  oopbce  acetic  acid  by  evaporation.  Apocrenic  add  dissolves  immedi- 
t  mtely  in  alkaline  acetates.  The  fe^^3us  salts  of  both  acids  are  soluble  in  water,  but 
I  their  ferric  salts  arp  iuHoluble, 

According  to  Berzehus,  both  crenic  and  aprocrenic  acid  contain  nitrogen  and  crive 
[  off  ammonia  by  dry  distillation.  Mulder  supposes  that  the  nitrogen  found  in  them  is  in 
I  the  form  of  an  ammoni urn-salt,  and  may  be  eoropletely  removed  by  acetic  acid,  Mulder 
Ifepments  crenic  acid  by  the  formula  C^'H"0',  lind  apocrenic  acid  by  C**H"0";  but 
»adds  have  not  yet  been  obtained  in  a  auMciently  definite  state  to  enable  us  to  Hx 
[tbdr  formiilffl". 

CmsosoL    The  principal  constituent  of  wood-creosote  (p.  164). 

C3UBOSOTS,  (Reichenbach  [1832],  Schw,  J,  IxvL  301,  346;  Ixvii.  1,  67; 
[Ixviu.  352.     Ettling,  Ann.  Ch.  Phurm.  vi.  209.     Laurent,  Compt.  rend,  xi.  124  ; 

mix.  674.  Deville,  Ann.  Ch.  Phvs.  [3]  xii.  228.  Gorup^Besanez,  Ann.  Ch. 
[pharm.  Ixxviii.  231;  Ixxxvi.  22;j.     Vulekel,  ibid.  Ixxivi.  93:  Ixxxvii.  306.     HJa- 

a  i  wet  I,  Uiid.  cv\.  33SJ.     On   tht    Fn^parntmi  of  Crrosot*: :  £,  Simon,   Fogg.   Ann. 

xixii.    129.      Hiibscbmunii,    Ann.   Cb.  Fharm.    xi.    40.      Kone,   thtd,   xvi.   63. 

Krfigor,  Biicbncr'ii  KeperL  Fharm.  xlviii,  273,     Buchner,  fWt^.  xlix.  84.     CoExi, 

ibid.  It.  693.) — The  substjince  known  in  commerce  by  the  name  of  creoiote  is  often 
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tQaroly  lijdnite  of  phenyl  more  or  less  imptire ;  but  the  true  creodote  extracted  hj 
Bekhenba^h  from  wcK)d-lar  is  a  perft?ctly  distinct  bcxly,  and  dot's  not  exhibit  all  the 
cbAnetf-rsi  of  hydmt^?  of  phenyl.  It  is  U>  the  trae  crco9ot43  that  wood-Tin pgar,  tjir-wiit4*r, 
Boot,  and  wood- smoke  owe  their  power  of  iuresting  the  pofrefiiction  of  meat  and  other 
animal  Buhstaacw!.    The  nikmecrrvsoU  is  dcrired  from  Hf4ai^  flesh,  and  rrwJVxy,  to  save, 

Prenarati&ti, — When  wood-tar  ia  diatilletl  till  the  re«idut>  a<*quire8  the  consistence  of 
ft  piUuiy  maeii,  the  liquid  collected  in  the  reeeirer  is  formed  of  serenil  distinct  layers, 
the  lowest  of  which  contains  the  creosote.  On  saturating  it  with  ctirl^onato  of  i^oditiiQ 
and  leaTing  it  at  rest,  u  yellomish  oil  riBcs  to  the  surface.  This  oil  is  decanted,  and 
recfdfied  in  a  glass  retort^  the  lighter  portion  of  the  difstillafe  being  rejected  and  the 
heaTier  portion  collected  and  ignitod  with  potash-solution  of  c^peciflc  gravity  112, 
The  creosote  then  dissolves  in  the  alkaline  liquid,  while  the  hydrocarbomi  with  whieh 
it  is  mixed  remain  undissolved.  The  alkaline  solution  is  decanted  and  boiled  for 
some  time  in  contiiet  witli  tlie  iiir,  to  resinise  a  foreign  Buls«tunee  dissolved  in  the 
potajeh,  after  which  the  liquid  is  filtered  and  the  creosote  set  free  hy  addition  of  sul- 
phuric acid.  The  creosote  thus  obtained  is  not  yet  pure;  it  reqtiires  to  be  again 
Jis(illed  severd  times  with  alkaline  water,  then  disMolred  in  potsi^h,  to  free  tho 
creosote  from  iniioluble  hydrocarbons,  and  separated  from  the  alk aline  solution  by 
sulphuric  acid.  Theaa  (H>eratioiis  must  he  repeated  till  tlie  i?Teosote  dissolves  in  potasb 
without  residue,  alter  which  the  creooote  is  to  be  finally  difitiljed  at  200°  C,  and  dked 
over  chloride  of  calciam. 

PnjffTties. — Creosote  is  a  coloarlesa,  oily,  strongly  refracting  liquid,  having  a  dis- 
agreeable penetrating  odour  like  that  of  smoked  meat^  and  a  buruing  tatite.  SpeciJle 
grj^vity  1037  at  20*^0.  (Reichenbach),  1040  at  11*6^  (Gorup-fie^anea),  1076 
at  15-5^(Volckel).  It  does  not  solidify  at -27**  C.  Bofl»at  203^lReiehenbacb); 
between  203 -^^  and  208*^  (Qorup-Besanez),  and  distJlsiugr^at  part  witho^st  alteiu- 
tiou.  When  pure  it  does  not  become  coloured  by  exposiire  to  the  air.  It  buma  with  a 
smoky  flame.     Does  not  conduct  electricity. 

Creosote  is  sparingly  soluble  in  water,  but  mixes  in  all  proportions  with  alcohol, 
etlier^  bisulphide  of  carbon,  napbtlia,  and  acetic  ether.  It  die^^ulveji  sulphur,  phos- 
phorus;, selenium^  oxalic,  citric,  tartaric,  benzoic  and  stearic  acids,  re«iins,  and  t^everal 
colouring  matters.  With  the  aid  of  heat  it  dissolves  several  mt-tallic  salts,  r.  ^.  the 
chlorides  of  ealeium  and  tin,  the  acetates  of  potassium,  sodium,  ammonium^  zinc,  &c^ 
and  deposit*  them  in  the  crytttAlline  state  on  cooling. 

It  imparts  a  blue  colour  to  ferric  saltM^  and  reduces  nitrato  of  silver,  and  the  salts 
of  mercur if ^  gold,  and  platinum.  When  dropped  on  recently  prepared  oxide  of  silver 
it  produces  a  kind  of  explosion,  the  silver  beio^  partly  reduced,  and  oxalate  of  silver 
Ibrmed,  together  with  several  resinous  compounds. 

The  composition  of  creosote  is  not  yet  definitely  fljiei  Tho  foUowing  are  the 
analyses  which  have  been  made  of  it : 
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Gomp-Besaaes  deduces  from  his  analvses  tho  f«>rniuLi  C"H'*0*  (calc«  76-47  C; 
7'84  H).  Toldtel  gives  the  formula  C'*H'*0'  (72  72  C ;  7*07  B) ;  neither  of  these 
formulae  ai^rees  well  with  the  analyses.  According  to  Hlasiwetz,  creosote  is  a  com- 
pound ether  derived  from  an  acid,  C*H*'0',  which »  when  tj^'ated  with  bases,  forms 
salts  having  tho  composition  C*fi"MO*  and  yielding  the  acid  itself  when  distilled  with 
dilute  sulphuric  add  (see  p.  105). 

peeompomiianB, — Creosote  is  decomposed  by  chlorine,  with  evolution  of  hydrochloric 
acid  and  formation  of  a  chlorinated  compound,  which  is  decomposed  by  distillation. 
Bromine  is  absorbed  in  large  quantity  by  ereowote,  yielding,  according  to  Deville,  a 
ciystalline  acid,  having  the  composition  of  creosote  in  which  half  the  hydrogen  is 
rephiced  by  bromine.     Iodine  dissolves  in  creosote,  forming  a  brown  liquid. 

When  creowte  is  acted  upon  at  a  ^il^  heat  by  a  mixture  of  hifdrochl^fric  add  and 
tMoraU  of  pot<i4nHm,  the  action  being  continued  for  serotal  days,  and  arrested  as 
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•oon  M  An  abiisidiiiit  erolution  of  elilorino  Ukes  place,  a  ciyBtalliiio  masu  19  obtained 
fromwiueli  cold  alooliol  extract s  a  substanct*  cryetallisiog  in  large  rbomboidal  tables, 
iMTiag  another  oomponnd  in  tbe  form  of  yellow  scalej^.     (Gorup-Bcsunez). 

The  rhomboidal  tables  give  hy  analysis  39-8  per  cent  C.  and  19  H,  -which  Gonip 
rcprwente  by  the  formula  C"H'CPO»,  dm^atin^  tbeeomponnd  a**  pnjtacldoroT^Hn. 
Gcrhardtp  however  {TraiU,  iiL  24).  prefers  the  formubi  CHKn'O'  (cak.  40  pep 
cent  cu-boQ,  aind  2  hydrogen) ;  according  to  which  it  is  homologous  with  triohlon^tii- 
oaiie.  The  yellow  scales  fi^xe  by  anaU^is  (mean)  367  C,  \o  H,  and  606  CI,  which 
Gonmrepraiezit^by  the  formula  C"H*C1»0*  {he:[acMoroxyUn),  whib  Gorhardt  giTea 
the  fixrmida  CH*C1*0^  homologous  with  tetrachlopoqninone.  When  the  yellow 
■cftLn  ftfe  imspended  in  water  and  sulphurous  acid  ^rg^  passed  through  the  liquid^ 
the  acftlee  are  couTerted  into  brownish-white  fonip-sided  prisma,  which  dissolve  in 
a  mixture  of  alcohol  and  etJier*  yielding  a  yellow  solution,  which,  by  spontaneoua 
eraporation,  deposits  lougj  violet  niMydlea  and  reddish  prisma,  the  latter  containing 
aliont  the  same  quantity  of  carl)on  as  the  yellow  scalesa,  but  more  hydrogen  (2 '23  to 
2  39  per  cent).  Hence  these  produt^ts  would  a^^pear  to  be  related  to  the  yellow a<jales 
ID  the  same  maimer  as  tlie  chlorinated  hydroqiunones  aro  to  the  chlorinated  qui  nones. 
All  f.he«e  oompgimds  require  ftirther  investi^ition,  but  their  formation  is  sufficient  to 
»bow  that  ervoeote  from  wood-tar  is  a  very  tlitferent  thing  from  hydrate  of  phenyl,  the 
•o-eaUad  cval-tor  crmsotr. 

OriOiOte  partakes  of  the  nature  of  an  odd ;  it  dissolves  in  caustic  alkalis,  and  ia 
dieairaoivd  by  potassium,  with  elimination  of  hyilrogen.  Two  potasaiumHBaltB  have 
iMiOmilied^  iiIbo  aodium,  amnionium,  banum,  lead,  ethyl,  and  beusoyl-salts. 

FttMfium^»aU9,~^  Neutral,  CiPKO^SH^O.  Obtained  by  heating  creoeote  with 
•olid  kydratfi  of  potasffiuiD  to  about  130°  C.  in  an  atmosphere  of  hydrogen,  and  crys- 
talliiing  the  product  from  ether.  It  is  then  obtained  in  thin  soft  prisms  or  scales,  of 
dialing  whiteness  and  satiny  lustre.  It  dissolves  readily  also  in  water  and  alcohol, 
crystallimng  from  the  aqueous  solution  in  soft  interlaced  needles.  When  thoroughly 
freed  from  mother^liqnor  by  pressure  and  dried,  it  may  be  preserved  without  alteration  ; 
Otherwise  it  quickly  turns  bluish-greeo,  aod  ultimately  brown  on  exposure  to  the  air. 
The  same  ia  the  case  with  all  the  oiposote-saltei  i  hence  tlie  necessity  of  excluding  the 
atr  dtiring  their  preparation. —0.  Addmlt^  0"H*KO*.C?H"0^  Obtained  by  treating 
creosote  with  potassium  in  an  utmoephere  of  hjdrogeo,  and  erystalllBing  from  ether. 
Bes«!nibles  the  neutral  salt  in  ftppeanmco  and  in  most  of  its  properties,  but  is  decom- 
poeed  by  water.    (HlasiwetK.) 

86dmm*9alU,-^T^)090%^  behaves  with  sodium  and  hydrate  of  sodium  much  in  the 
MOMt  msimer  us  with  potaosium  and  its  hydrat-e ;  but  the  sodium-salts  have  not  yet 
been  otitained  in  definite  form.     (Hlasiwetz.) 

Barium-9al(,  2C?*H*BaO*+  BIPO.— Prepared  like  the  nentaul  potassium-salt.  Forms 
d#n|ing  white  scales,  having  a  satiny  lustre,  quite  inodorons,  and  permanent  when 
pore.     Gives  off  ita  water  at  100^  C.    (H la s i  we t «.) 

Lead-salt,  4C*H*PbG«.Pb»0  +  2H=0*— The  neutral  potaesinm-salt  mixed  with  acetate 
of  lead  yields  a  bulky  white  precipitate,  whlcli,  when  dried  in  vacuo,  exhibit^a  this  com- 
pontioo.     (Hlasiwetc.) 

&hyf-o^*'"^^''"^  f!*H''(CH')0'.— Obtained  by  heating  the  neutral  potasainm-salt 
with  iodi  in  a  sealed  tube,  distilling^  removing  the  last  traces  of  iiwiine  by 

agitatiou  r,  and  rectifying.     Oily  liquid,  having  a  slight  yellowish  tinge  and 

fatot  ■romatie  odour. 

A  hmxi^yi-compound,  CTI*(C'H*0)0^  appears  to  be  fbrmed  by  treating  the  neutral 
poCasnnmWt  with  chloride  of  benzoyl.     (H  lasiwetz.) 

Ormm^^im  C*H"0*.— By  decomposing  the  neutral  potassiiun-salt  of  creoMte  with 
diliite  mlphuric  add,  washing  with  water,  rectifying,  and  collecting  the  portion  which 
distOs  over  at  219°  C.  {which  is  by  far  the  larger  portion,  amall  quantitie,'*  only  dis- 
Hllii^  it  lower  and  at  higher  temperatures),  a  colourless  oil  is  obtained,  agreeing  in 
*tioii  with  the  formida  C*H»*0*  (69-6  C,  and  7*2  H).  It  is  of  the  consistence  of 
__^  i«lkscts  light  fltronely,  has  an  aromatic  odour  like  tliat  of  vanilla,  and  burning 
anhydrous;  but  little  altered  by  keeping.  Specific  gravity  10894  at  U^  C. 
Vsponr-d^nsity  4-98  (by  calculation  to  2  voh§,  4-79),  It  is  not  more  soluble  in  water 
ikmxk  ereoBote ;'  mixes  in  all  proprtions  with  alcohol,  ether,  glacial  acetic  acid,  and 
aJkmM^j^  Xan*  In  a  freeadng  mixture,  it  becomes  viscid,  but  not  solid.  It  rtnluees 
liinetm  0i mWer,  pfodnetng  a  specular  deposit  of  the  metal.  Does  not  unite  with  the 
Kid  sulphites  of  the  alkali -metals,  but  forms  with  ammonia,  either  in  the  state 
of  ew  or  in  strong  aqueoua  solution,  a  cnrstflllino  salt,  sparingly  soluble  in  wat^Ti 
aadhcvhig  the  composition  C*mNH*)0«.C?ff»0«,  analogous  to  the  acid  potassium- 
«lt  akrr«  described*  With  potash  and  baryta  it  behavee  like  creosote,  yielding  the 
Mly  CfPKO*  Mid  OTI*BaO» ;  the  preparation  of  which  is  moreover  much  <^^«r  ^*» 
this  oil  thaa  'rith  crroet^to.    Bromine  acta  violently  on  it,  forming  a  ciysti '" 
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pound,  contaimng  C"H'*Br*0*,  Tho  same  compound  lb  formed  by  the  acCioD  of 
bromine  on  crude  creosote;  it  doe«  Dot  however  Bolidiff  nt  once,  but  forms  a  crvBt*!- 
line  pulp,  from  which  the  puro  compound  may  be  obtained  by  disaolving  the  pulp  iu 
&  imiall  quantity  of  ioetic  iicid,  leaTing  the  aolution  over  night,  and  presiing  the 
deposited  crjfstjda  to  &ee  them  from  mother-liqnor.  It  is  formed  by  the  replacemeut 
of  5  aL  hydrogeJi  by  hromin©  in  &  double  molecule  of  creosoL 

THchioroereosoi,  C*H^C1'0',  is  formed  by  introducing  creoflol  into  a  large  flmk  Jelled 
vitb  chlorine.  The  whole  aoUdifies  in  about  24  bours,  and  the  product  may  be 
purified  by  crystallisation  from  acetic  itcid     (Hlusiweta.) 

It  appears  then  that  creosote  cousisti!  mainly  of  an  oil  capable  of  forming  salta  with 
baaoB^  and  having  the  compoaitioD  C'H^H)^  This  oil  (creo^ol)  ia  liJkewiae  contained 
m  the  product  of  fhu  destmetive  diatiUation  of  gu^ae  resin— this  product  comiistiiig; 
Bceordmg  to  Hlasi  wetx,  of  gw^acol^  C1SS)\  and  the  homologoua  compound,  creosote- 
gvajffcol  or  creo3oi,  CH'^oC  Creooote  itself  ia  probably  a  compound  of  the  form 
C'H*(It)0'  or  C"II'*(B)0\  in  vhieh  B  denotes  a  ndick  fir««  from  oxygen.  (Hta^i* 
wete,  ioc.  d(.) 

cmBBOTZC  ACm.  C*IPO»«^     g  yO.  {Kolbe  and  Lautemann,  Ann.  Cb, 

Pharm.  cxv.  203.) — An  acid  isomeric  with  carbocresylic  acid^  produced  by  the  action 
of  fsodium  and  carbonic  anhydride  on  cresylic  alcohol  (C'H'O  +  CO'  =  C^H^Q*).  Tho 
resulting  mixture  of  caTboCTceylate  and  creaotate  of  aodium  is  treated  with  hydro- 
chloric acid,  whci^ebj  the  carbocrosylic  acid  ia  reaolTed  into  carbonic  anhydride  and 
CFefrUc  alcohol,  while  the  cresotic  acid  remains  undecomposcd^  und  may  be  waahed 
out  by  means  of  a  strong  solution  of  carbonate  of  ammonia,  the  liquid  on  eTaporation 
yielding  thp  pure  acid  iu  fine  large  prisms.  The  acid  diBsoIves  sparingly  in  water, 
easily  in  alcohol  and  ether.  It  molta  at  1£S°  0.  and  solidijics  at  144'^.  By  mining  it 
with  aalicylic  acid  (which  racltB  at  169°),  a  mixture  of  lower  melting  point  is  obtained: 
a  mixture  of  1  pt,  creaotic  acid  and  4  pta,  aalicylic  acid  was  found  to  melt  at  139°. 

Cresotic  acid  produces  a  deep  violet  colour  with  eesquidhloride  of  iron.  When 
heated  with  ci^mtic  batyta^  it  is  resolTed  into  carbonic  anhydride  and  creayUc  alcohol 

CRS9OmA.CBirZ0  ACZZ>.  C"H"0"?— An  acid  produced  by  the  aetion  of  mono- 
chloracetic  iicid  on  cresylate  of  sodium.  Its  copper  salt,  C'H'CuO*  +  nq. ,  is  green,  and 
sparingly  soluble,     (HeintB,  CerL  Akad.  Ber.  1860,  p,  464.) 

CSZSSt  OI^  OF»  Tlie  herb  of  Lt-pidtum  ruder  ok  and  the  inodorous  seed  of 
Ixrpidium  rndtraliif  L.  sativum,  and  L.  campr^ire,  bruised  and  macemted  in  wateiTp  yield 
by  distillation  a  milky  water,  from  which,  by  repeated  fractional  rectification  in  glasa 
Teasels  (copper  would  exert  a  decomposing  action),  a  yellow  oil  may  he  obtained.  This 
oil,  after  frirthcr  rectification,  is  colourles^i,  but  turns  yeUow  again  on  exposure  to 
light.  It  is  hearier  than  water,  neutral  exhibits  the  refreshing  but  somewhut  alliaceous 
odi)Ujrand  biting  taste  of  water-cresses,  and,  when  its  Ti^Knir  is  inhaled  in  rather  laz^ 
quantity,  produces  diyneas  in  the  throat  and  headache*  II  cannot  be  distilled  undo- 
composed  without  water.  By  oxidation  with  nitric  acid,  it  pelds  sulphuric  acid. 
With  mercurous  nitrate  it  forms  a  black  precipitate  of  sulphide  of  roercmy;  with 
corrosive  snblimate  a  while  ^recipitiite  i  with  nitrate  of  silver,  sometimes  whiti*, 
sometimes  Mack  ;  with  diehlonde  of  platinum  in  alcoholic  solution,  an  orangi^yellow 
precipitate?  after  u  while.  Aqueous  potash  and  ammonia  1uit&  DO  action  on  Uua  oiL 
It  di^nolves  with  red  colour  in  oil  of  vitriol,  and  may  be  s^ar&ted  again  by  water. 
It  disHolrea  alowly  in  water^  readily  in  alcohol  and  ether.  (Fleaa^  Ann,  Ch.  Pharm. 
Iriii.  36.) 

The  frtsb  tt^aves  of  Lepidium  lo^folium  yield  by  distillation  with  water,  a  neutral 
oil  heavier  I  bun  water^  together  with  a  milky,  strong-smelling  and  shitrp-tasting 
water,  which  loseit  it^  sharpness  by  exposure  to  the  air,  and  likewise  in  a  few  hours 
itft4?r  being  miabed  with  chlorine  (whereupon  it  precipitates  chloride  of  barium) ;  it 
gradually  Ibrmt  a  black  ^rccipitiite  with  nitjato  of  silver;  blackens  metallic  silver 
after  a  while ;  ft&d  ia  deprived  of  tta  taste  and  odour  by  chaicoal  powder.  (3 1 e  n  de  1, 
JDisf.  4^  tm^dine  nonnuU.  iv^r^ii6.  Tubingen,  1805.) 

CRSft-rXiXO  iLXiCOBOXi.  Htfdrate  of  Crrsyi.  CH»0  »  C'E'.  tt  O.  -Th  is  alcohol 
bomologous  with  hydrat*?  of  phenyl  wa»  dijicovered  m  1864  by  Williamson  and 
Fairlie  (Chem.  Soc.  Qil  J,  yii,  232),  and  further  investigated  by  Duclos  (Ann.  Ch, 
Pharm.  cii.  136).  It  occurs  in  vuriable  qnaotity  in  tho  so-called  coal-tar  creosote,  and 
is  obtiiined  by  mibjet"tingthe  portion  of  that  liquid  which  boils  betwrcn  200^  and  22tP  C. 
to  fractional  distilktion  (F  ai  rl  i  e).  It  likewise  exists,  together  with  hydrate  of  phenyl 
and  other  compouuds,  in  the  tar  of  fir-wood^  and  is  obtained  tb*.  re  from  by  tr^^ating  tho 
oil  which  pasaea  over  in  fractional  distillatiou  between  loO^  and  220^»  with  weak  sodu- 
ley,  to  separate  hydrocarbons,  supcrsaturatiug  the  alkaline  liquid  with  sulphuric  acid,  and 
repeating  the  treatment  with  soda-ley  and  sulphuric  acid,  til  the  oii  becomes  perfectly 
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soluble  in  the  alk;ilme  liquid.  The  oil  thu»  ol)ttiid<*d  is  a  mixture  of  phenylic  and 
cres^yUc  alcohola,  wbidi  are  Mptamtod  bj  fimetionaJ  distiUatioo,  tfi*?  fornior  boiliuir 
at  187°C.  ^ 

Cre«ylic  alcohol  is  a  colourlosa,  strongly -rcfrftcting  liquid,  wliich  boils  al  203°  C\  in 
the  air  (the  «4me  as  wood-tar  creosote,  p.  104),  and  at  200"  in  an  atmoaphero  of 
hydrogen.  Analysis  gave  77*4  to  777  ]por  cent,  carbon,  and  8*06  to  2-20  hydrogen 
(oilciUaittOQ,  77'8  C,  and  7*11  H).     It  ia  isomeric  with  benzyllo  alcohol  (i.  678). 

Cresylie  alcohol  is  aliffhtly  solublo  In  wat^^  and  znixos  in  all  proportion  a  with 
^eoktd  and  €tker.  According  to  Fairlie,  it  is  quite  iaBolnble  in  amjjiojtia  ;  but  accord- 
ing to  I>iiclo8,  it  diaaolrea  in  ammouia  as  eaeiiy  as  phenylic  alcohol. 

Cftiylic  aWhol  is  deoompogfld  by  rt!peat«d  distillation,  a  portion  being  apparently 
oniTierted  by  the  oxidising  action  of  the  air  into  hydrate  of  phenyl,  C"H*D ;  but  in  an 
atmosphere  of  hydrogen  it  may  h«  diatilled  any  number  of  times  without  alteration. 
Strong  nitric  acid  at  ordinary  temperatures  attJicks  it  with  explosive  violence ;  bnt 
when  treated  with  well-cool«»d  mtric  a<dd,  it  yields  a  red  solution  containing  t  rin  i  t  ro  - 
cresylic  acid,  C'H*(NO')"0,  homologous  with  picric  acid.  With  dilute  nitric  ac^id 
it  forms  only  a  brown  tany  mass  (Fairlie);  according  to  Ducloa,  the  product  ia 
fflononitrocresvlic  acid.  With  strong  sti/pAuric  aeid^  cre^ylic  alcohol  becomes 
rose-coloured,  anil  forms  snip  hoc reiy lie  acid,  C^H'Q.SO*.  Vfith  pent^icMoride  of 
pko9pkoms,  crcsylic  alcohol  yielda  chloride  of  creayl,  C'H'Cl  (boiling at  197^.),  and 
phosphate  of  cr<?8yl,  wh  i  ch  latter  is  con  vert  led  by  acetate  of  potassium  Into  acetate 
ofcresyl,  and  when  distilled  with  tih^laUof  potmtium^  yields  creflylate  of  ethyl 
trM*,C^H^O,  and  phosphate  of  potussiunL  Mixed  with  an  equal  bulk  of  strong 
poUuh-ltu,  it  forms,  in  the  cou»e  of  24  hours,  a  few  imall  cijstals,  apparently  con- 
sisdnff  of  erssylate  of  potassium,  C^^KO  (Patrltc).  In  contact  with  chhride 
€f  ciSeium  or  ekhride  m  ginc,  it  appears  to  be  converted  into  phcnybc  alcohoL 
(Gladstone,  Chemical yevts,  ii.  98.) 

Cresylic  alcohol,  treated  with  potassium  or  sodium^  gives  off  hydrogen  and  forms 
a  brownifih  mass,  which,  on  cooling,  solidifies  to  a  mass  of  slender  needles  of  cresylate 
of  potassium  or  sodiimi,  difficult  to  purify  by  crystallisatiDn  from  ether  (Buclos), 
Crvsylate  of  sodium  treated  with  monochiontceUc  add  yields  cresoxacetie  aoid, 
(Heintx,  p.  207.) 

Derivative*  of  Crts^lic  Aleohol^ 

WitroereayUis  Actd,  C'H'^O*  =    *^'^*^^^'^io.— When  very  dilute  nitric  add 

is  gradually  added  to  an  aqueous  solution  of  cresylic  alcohol  heated  to  60°  or  70''  C^ 
the  liquid  acquires  an  aromatic  odour  and  yeUowiah-brown  colour,  without  giving  off 
red  vapours,  and  ultimately  deposits  nitrocresylic  acid  in  oUy  drope^  which  ttink  to 
the  bottom  of  the  veescl ;  they  ore  wajshed  with  water  and  dried  in  vacuo* 

Kltrocreeylic  acid  is  a  yeDo wish-brown  syrupy  liquid^  inodorous,  bitter,  easily  soluble 
in  aleoihol,  colours  the  skin  yellow.    It  appears  to  unite  with  alkalis.   (Ducloe^  ioe,  eii.) 

DlnitrocresyUo  Acidp  C'H^K^O*  =  ^     "^  -^'^'  O.— This  add  is  preparcd,  not 

directly  from  oresylic  alcohol,  but  by  the  action  of  nitric  acid  on  sulphocresylic  acid. 
A  sulutioa  of  1  vol,  gulphocresylic  acid  in  6  or  6  vuls.  water,  or  an  equally  dilute 
ttiluUoii  of  cr*«ylie  alcohol  in  a  Hmall  quantity  of  sulphuric  acid,  is  heated  with  a 
small  quantity  of  nitric  acid  diluted  with  it^  own  bulk  of  water ;  the  liquid  is  filtered 
^m  a  resinous  bodv  which  Ht-paratea  on  cooling;  and  tiie  tUtrate  is  heated  to  boiling 
with  addition  of  nitric  acid.  Uiaitrocrctfyiic  acid  then  separates  as  a  yellow  oil, 
which  dissolves  in  aleohol»  but  does  not  crystalline  hy  evaporation.  When  filowly 
heated,  part  of  it  appears  to  sublime  undecomposed ;  when  quickly  heated  it  detonates. 
i^Dttolos.) 

Dinitrocrem/laU  of  Ammonium  is  easily  soluble,  but  difficult  to  ciystallise.  (B  uclos.) 

TiliiiiwMsreayllo  Add,  CH*N»0'  -  *^^*t^'^>'|  0.— Discovered  by  Pairlie. 

moTM  fully  investigated  by  Duelos,  Homolocons  with  trinitrophenic  or  picric  acid.  It 
is  obtained — 1.  By  adding  fuming  nitric  acid  in  small  portions  to  coal-tar  creoaote  con- 
tuning  cre^lic  alcohol,  iv\  a  vessel  anrroundcd  with  ice.  The  liquid  then  aaanmes  a 
deep  red  coJour.  and  after  the  addition  of  a  volume  of  nitric  acid  eqaal  to  that  of  tho 
ereosote,  separates  into  two  layem,  the  upper  dct^p  red,  the  li>wer  black  and  tuny ; 
the  upper  contains  the  trinitrocrcsylic  acid  (Fairlie).— 2.  By  heating  a  dilute  solu- 
tion of  sulphocresylic  acid  with  nitric  acid,  filtering  from  the  resinous  body  which 
Bfparates,  again  beating  the  filtrate  with  nitric  acid,  and  evaporating.  The  dinitro* 
ermlio  acid  which  first  sepamtes,  is  then  converted,  by  the  coiitinut^d  aetion  of  tho 
nitnc  add,  into  trinitiVH*re«yliL»  ueid,  which  is  found,,  to^efhcr  wifh  oxalic  acid,  in  tho 
ciyitalliiie  rc&iduu  obtained  ou  cooling.     The  oxalic  ncid  is  removed  by  wabhiug,,  and 
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thp  trmitrt>cp<«ylic  acid  m&j  be  obtainwi  in  the  oyBtalliiie  form  by  soltition  in  alcohol 
and  eiraporatJon  in  vaciio.     (Dnclos.) 

Trinitrocresylic  acid  cryHtallis&s  in  jellow  ncedlei^  soluble  in  449  pta.  of  ifater  at 
20^  0,  and  in  123  pta.  at  100=^  (less  soluble  tliert^fore  than  picric  acid)v  The  solntion 
haa  a  flae  yellow  colour,  reddens  litmus,  and  iinpartii  a  yeDow  stain  to  wool  and  silL 
It  duusolrca  edeoholf  ethcr^  itnd  benzene.  It  la  separated  from  its  aqueona  solution  by 
most  mineral  acids,  hut  diseoWea  in  exc^aa  of  nitiic  acid  mor^  easily  than  in  wat4*r. 
When  heat«d  a  little  aboTO  100^  C,  it  melta  to  a  reddiah-yellow  oil,  whicli  fM>lidifiea  m 
the  crystalline  fbrm  on  cooling.  At  a  higher  temperature  it  dcfiograt^  like  pime 
acitL     (DucloB.) 

With  solution  of  chloride  of  Lime,  or  with  hydrodiloric  add  and  dilorate  of  potaaiBinni, 
it  emits  the  odour  of  chloi-opicrin*     (Dncloa,) 

Tnniirocr^sylate.    of   Amnwnium^  ^  j^ttJ  [  0»   crystallises    in  yellow  needles 

easily  aoluble  in  wat«r,  less  easily  in  alcohol;  they  deflagrate  when  heated,  (Dneloe.) 
Tnnitrocjrsy/atf  of  Lead,  2C'H'Pt>(K0=)*0.Pb«0.— Wlicn  a  boiling  dilute  solution 
of  acetate  of  kad  is  mixed  with  trinitrocreBylate  of  ammonium,  thia  salt  sepamtes  from 
the  filtrate  on  cooling  in  microscopic  needles  which  are  moderately  soluble  in  water, 
and  d<-'tonat-e  when  heated.     (Ducloa,) 

Trinitrocresylate  of  Poiassium^  C'H*K(NO=)*0,  crystallises  in  smoU  orange-rod 
needles  which  arc  raoderatjely  soluble  in  water  (Ducloa)  ;  sparingly  »oltible  in  cold, 
easily  in  hot  water  (Pairlie),  and  detonate  strongly  when  heated,     (Duclos.) 

fiulpliOGreaxU«i  of  CresyUttlplmrio  Acid,  C^H*01S0».— First  obt^cd  hy 
Fairlie  ^  further  eiamined  by  Duelos.  Not  known  in  the  free  state,  Crwiylic  alcohol 
is  mixed  with  strong  sulphuric  aciii,  the  liquid  left  to  stand  for  about  24  houre  at 
tiljout  60^  C,  and  then  mijtcd  with  water,  which  doci  not  separate  anv  oil-drops.  This 
liqtiitl,  saturated  with  carbonat4>  of  lead  or  ciirbonate  of  barium,  and  carefully  evapo- 
rated, at  last  in  Tacuo,  yi<»lds  the  corresponding  sulphocreaylates. 

The  barium-sali,  C^H'BaO.SO*,  is  colourless,  amorphous,  aud  eaaily  decern posildc^. 
The  lead-salt,  C^H'PbO.SO*,  gradually  dries  up  to  an  amorphous,.  celouiiMi  maas,  which 
decomposes  at  140*^  C. 

CXXCHTOlffZTli.  A  varietv  of  titaniferous  iron,  found  at  St.  Cristopbe,  near 
Orsans,  in  the  Xl't^partemout  d'lsi^re  (Dauphini)^  and  regarded  aa  a  subspedlea  of 
ilmonite  {g.  r.) 

C&XS9IT&.     Syn.  with  ErriLB. 

C&ZTBMtfBS  MARITXMUM.  Srn-ftnnd.  An  umbplHfcrouB  plant,  growing 
^\i  the  seashore,  contiiiniug  volatile  oil  and  free  act  tic  acid.  (Laviui,  (leiger's 
Hiigaz.  iv.  U8. 

CRacSTXW.     See  CnociN, 

CXtOCnr.  C»II^*0'»,  or  C"H«0»,— The  eolonnng  matter  of  Chinese  yolk»w 
btrries^  the  fruit  of  Gardmia  gru^idifiorti,  Discovered  and  partly  examined  by  Mayer 
in  1858,  more  particularly  by  Rochleder{J*  pr.  Chem.  h-i.  68),  wlio  regards  it  as 
identical  with  a  subfiUnce  which  Quadrat  obtained  in  an  impure  state  from  safiroUi 
and  to  which  be  aseiirno.!  '^-    '^ —iiila  C*fl"0*'. 

To  prepare  crocin^  fli'  How  berries  are  boiled  with  alcohol ;  the  eicpressed 

liquid  is  filtered,  and  tliL  ■  vaporated  ;  the  remaining  aqueous  !*<dutioD,  which 

deposits  a  liquid  fatty  acid  and  a  crystalHne  suhstanee,  is  filtertKl,  diluted  with  wat«r, 
and  mixed  nith  a  large  quantity  of  hydrate  of  alumina;  the  liquid,  filtx^nnl  aft^^r 
standing  for  several  d»ya»  i«  precipitated  with  basic  acetate  of  lead  ;  the  reddish- jellow 
precipitate  is  quickly  collected  on  a  filter,  waahed,  suBjientled  in  water,  and  decom- 
posed with  siUphydric  acid,  the  colonring  mftttej*  then  separutin^,  t^ij^pther  with  the 
sulphide  of  lead  ;  the  precipitate,  after  washing  with  water,  isweli  boiled  with  alcohol; 
and  the  filtrate  is  left  to  diy  up  in  vacuo  over  sulphuric  acid-  The  rasidue  is  then  dis- 
solved in  a  small  quantity  of  water^  filtered  from  a  smtdl  quantity  of  separated  aulpbuTj 
and  again  evaporated. 

Crocin  thus  prepared  yields,  by  tritnration,  a  bright  red  powder,  easily  soluble  in 
water  and  in  alcohol,  the  eolations  having  the  colour  of  disaolved  chromic  acid,  and 
forming  an  orange^cobured  precipitate  with  lead-salts.  The  concentrated  aqueous 
aolutjon  mixed  with  strong  sulphuric  acid  assumes  first  an  indigo-blue,  then  a  violet 
colour.  The  dilute  aqneotis  solution  boiled  with  dilute  sulphuric  or  hydrochloric  acid, 
is  resolved  into  croc e tin,  which  separates  on  cooling  if  the  solution  is  not  too  dilutev 
and  a  colourless  nncrystallisable  sugar  (amounting  to  28 '2  per  cent,  of  the  crocin), 
whicli  remains  in  solution  : 
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Crpcetin,  C»*Hn>",  or  C^iT^O'^— To  obtain  this  snbrtjuice  puiv,  thu  crociii  should 
be  boiled  with  the  acid  in  au  utmuspbeFe  of  bydrogieii  or  oarbooio  ttd.d^  a»  botb  crocin 
iknd  crooetui  eaiilj  absorb  oxjgi^n. 

Croeetin  is  a  dju-k  red  amorpboua  powder^  idightly  soluble  m  water,  easily  in  alcohoL 
It  funis  bltie  in  stUpkurie  acid,  like  cpocin.  Its  solutioa  forms  a  yellow  pri'cipitato 
with  Uad*iaiU,  Stufi  mordanted  with  ttn-salt  acquiie,  by  boiling  in  a  Bolution  of 
crocetin,  a  dingy  greenish  ycUow  colour,  which  by  (:r«Htni<«nt  with  ttmnionincal  vinUr 
ifl  eonrerted  into  a  brilliant  yellow  colour,  tinalttred  by  H^ht  and  air,  Tbo  yellow 
robes  of  the  Chinese  mandarfne  are  dyed  with  the  frmt  of  the  Gardenia,  (Handw*  d. 
Chem.  il  2»»  Aul  iu  [3]  226.) 


I  (from  Kp^Hit,  woof).  A  silicate  occurring  in  asbeatos-like  fibresi, 
also  roaasivt",  in  the  Qritma  country » beyond  the  Orange  river,  South  Africa,  and  in  the 
mlcaceons  porphyry  of  Wakenbaeh  in  the  Vosges,  Bpeeific  grarity  ^  3 '2  — 3*266. 
Qardness  —  4.  Coloor  and  streaky  lavender-blue  to  leek-green.  Opaque.  Fibrt^s 
somewhat  elastic.  Melts  eiasily  before  the  blow-pipe  to  a  black,  shining,  opaque,  some* 
what  frothy  glass^  attracted  by  the  magnet  Single  fibres  melt  in  the  tlame  of  a  tipLrit^ 
lAni|).  With  borax  it  forms  a  green  traasparent  bead,  changing  to  brown  on  addition 
of  nitre. 

Analyses:  a.  from  Africa,  by  Klnproth  (Beitr.  Tii  237);  f>-  fix>iii  Africa,  by 
Stromeyer  (Pogg.  Ann,  xxiiLl53)]  c.  from  Wakenbach^  by  Be  lease  (Ann.  Min. 
[3]  3L  307)l 
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Prom  tbeee  analyses,  Rammelsber^  {Miner alchemie^  p.  476)  deduces  the  formubi 
7M*0.98iO'  +  (14  .  .  .  .  3)H'0.  Taking  the  krger  amount  of  water,  and  ftuppoalnij 
2at  to  be  basicj  this  formula  may  be  reduced  to  <M'*H*)Si''0 "  +  aq.,  or  OR'SiO*  +  aq., 
whieh  ia  the  formula  of  a  metasilieate.  The  mineral  is  pcrlmps  formed  from  aoda- 
hombleDde  (arfVedsonite),  by  abstraction  of  Lime. 

A  somewhat  similar  mineral  occurs  at  Stavem  in  Korway, 

CmOCOZSXTE,     Native  cbromate  of  lead  (1  934). 

CBOCOVIG  Acn>.  C*H^*  =  (C*O«)".ir.0'.^(L.  Omelin  [1825],  Pogg.  Anu. 
ir.  37;  Handbook,  x.  388.  Liebig,  Pogg.  Ann.  xxiiii.  00.  Heller,  J.  pr.  Chem. 
xii-230;  Ann.  Cb.  Pharm.  xxiv.  1;  xxiiv.  232.  Will,  Ann,  Ch,  Pliarin.  cxviii. 
177,) 

Wliea  the  componnd  of  carbonic  ozida  and  potassium,  obtained  by  pusing  the  diy 
gan  oT»T  melted  potassium, — or,  as  a  secondary  prodoct,  in  tlie  preparation  of  potassium 
by  heating  carbonate  of  potassium  with  charooad  —  is  immersed  in  water^  inflammable 
gaa  is  evorred,  and  aatrongly  alkiiline  yellowiah-red  solution  i*  formed,  whichj  when 
left  to  evaporate  at  a  gentle  heut,  bect>mes  p.<ile  yellow  and  deposits  long  yellow  needlea 
ofcroconateof  pota^itium,  while  o  x  a  la  t  o  of  potaswinnn  remaiuft  in  the  mother^  liquor. 
Thfiee  two  salts  are  not,  however,  the  immediate  prodncts  of  the  action  of  air  and 
wster  out  the  compound  of  potassium  and  carbonic  oxide,  their  formation  \mn^  pn^- 
ttidad  by  that  of  a  red  Hdit,  the  rhodizonate  of  potasainm,  the  evolution  of  whieh  de- 
eompoeai,  during  evapomtion,  into  croconate,  oialate,  and  probably  also  cjirlxmate  of 
polaaifmi.     The  relations  l>etw«ea  these  several  products  are  not  exactly  known* 

The  black  mass  produced  in  the  pre|varation  of  potassium  should  be  expoeed  to  the 
airlbr  tefreml  weeas  before  it  is  difisolved  in  water;  it  then  gradually  aoquii«e  a  red  or 
yellow  colour  and  dissolves  in  water  without  explosion;  but  if  It  has  been  exposed 
to  the  air  for  a  few  hours  only,  it  takes  fire  in  «>ntact  with  water  (beemise  it  contains 
fr^ee  potaaaium),  and  produces  a  vioknt  explosion  whieh  shatters  the  TeiteL 

Croconic  acid  is  obtained  in  the  free  stiite  by  digesting  the  potftsstuiD-salt  with  a 
mixture  of  suIphuHe  acid  and  absolute  alcohol  for  several  honn,  then  filtering,  and 
leaTing  the  aolutioo  to  evaporate. 

It  cannot  be  coaveuienLly  prepared  by  decomposing  the  lead-salt  with  sulphuric 
■eid,  iSfi  the  decompotiitinn  ia  never  complete,  or  by  dt*cotnposing  the  lead  or  coppsf 
salt  with  sulphuretted  hydrogen,  aa  in  that  case  peculiar  sulphur»coropounds  are  fonmsd 
which  are  troublesome  to  separate* 

Croeo>nic  acid  crystalliBes  in  iinliydroiis,  orange-yellow,  transparent  prisms  and 
enuinleB  (GnieUn);  in  golden-yellow  laminaQ  or  granular  crystals  containing 
C*K*0*  >  3H*0,  which  become  opaque  and  cnunble  to  a  yellow  powder  when  kft 
over  oil  of  vitriol,  and  more  quickly  when  heated  to  100^  G,  (will).  It  is  ioo- 
doTOQi^  has  a  rtroogly  add  taste,  and  reddcna  litmus.     It  dissolves  easily  in  water. 
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form  in  g  a  yellow  Bolatioa,  whicli  gradually  becomes  colonrleaa ;  easily  ulao  in  akohoL 
(Omelin.) 

Cpf^conic  acid  is  not  tdtered  by  a  temperaturiG  of  1*){>°  C,  but  whon  moM  !?trongly 
fjeated^  it  ^ves  nff  whit-o  ftad  yellow  irritiiling  Tapours  and  leaves  a  small  quantity  of 
etiMily  comboHtible  charcoal.  In  combination  with  potaah  it  is  quickly  decom posted 
by  permanganate  of  potasnum  m  presence  of  aulphnnc  acid,  being  entirely  converted 
into  carbonic  acid.     (WilL) 

The  Bolution  of  tho  potassLumosalt  is  complet^'ly  decoloriaed  by  niirie  acid  and  by 
cUorim  (Qmelin^  Liebig),  with  errolution  of  nitric  oxide  free  &om  carbonic  odd  in 
the  former  caae(G'raelin,  Will),  without  evolution  of  gas  in  the  latter  (Will).  Id 
botk  cases  a  new  Acid,  leuconic  acid,  k  produced: 


C^H-0* 

+ 

0 

+ 

3H*0 

^ 

c*n»o». 

CrocoQlc 

Leuroaic 

acJd. 

aclJ, 

The  crocon  a  t  e  8,  C*M*0*,  are  yellow  (hence  the  name  of  the  acid).  Many  of  them 
are anhydroiis (Will).  They  decompose  below  a  red  be^t,  with  glowing  and  B|)arklinfr, 
giving  off  carbonic  oxide  and  carbonic  anhydride,  and  leaving  a  mLxturo  of  t'liareoul 
and  metallic  oxide,  carbonate  or  metul  They  withstand  tlje  action  of  air  and  light, 
evoQ  th^ir  nqueoua  solutions  not  being  altered  by  exposure  io  the  air.  The  crt>conat*a 
of  the  a! kstli- metals  and  some  othera  are  soluble  m  wat^ir;  they  iill  dissolve  with  decom' 
position  in  nitric  acid  {vid,  6up.)  Some  of  the  croeonates  of  the  heavy  metals  are 
soluble  in  alcohol  and  ethcK     (lie Her.) 

Croconatc  o/ Aluminium. — Yellow  cryitala  easily  soluble  in  water  and  alcohol. 
(Heller.) 

Croconate  of  Ammonium. — ^Reddiab-yellow  needloa  soluble  in  water  and  aleohob 
(Heller.) 

Croconate^  of  j^n^imonj^.^-Croconate  of  potassium  added  to  a  solution  of  tri- 
chloride of  antimony  in  hydrochloric  acid  forms  a  lemon-yellow  preeipitjite^  soluble  in 
excess  of  chloride  of  antimony,     ( G  m  e  1  i  n. } 

Vroconale  of  Barium,  2C*Ba'0*  +  3H'0  (Will),— Yellow  pulTomlent  preeipi- 
taU\  insoluble  in  water  and  in  alcohol  (G-  m  e  li  n).  Does  not  give  off  its  water  al  20tl^C. 
(WilL) 

Croeonate  of  Bidmui L — lyemon-yellow  precipitate  soluble  in  exoess  of  nitrate 
of  bierauth  (Qmelin),    Containa  5368  per  cent.  Ui'O".     (Heller.) 

Croconate  of  Oatfmiwm,— Yellow  pulveiralent  precipitate,  somewlmt  soluble  in 
water  an  d  alcohol     (Heller.) 

Croconate  of  Calcittm, — Lemon-yeUow  crystals  sparingly  soluble  in  water  and 
alcohol  (Qnielin).  They  contain  C*Ca"0*  +  3H'0j  and  give  off  their  wat*r  com- 
pk'tdy  at  160°C.     (Will) 

Croconate  of  Cobait, — The  potassium- salt  mixed  with  an  aqneooa  cobalt-salt 
yields,  after  a  few  hours,  dark-brown  tmnsparent  crystals,  with  beautiful  violet  rwllex ; 
soluble  in  water  and  alcohoL    (Heller.) 

Croconate  of  Copper,  C*Cu'0*  +  SH'O,  is  deposited  in  prismatic  crystals  on 
mixing  the  hot  solutions  of  croconate  of  potassium  and  cupric  chloride.  The  crvstals 
belong  to  the  trimetric  system.  Dominant  form,  ooP,  with  the  faces  ae  P  oo.  ludi- 
nation  of  caoP:  ooP  in  the  brachy diagonal  principal  section  =  10^'^,  Cleavage 
parallel  to  ooP.  The  crystals  have  a  fine  deep  blue  colour  by  reflected  light,  and 
appear  orange- colouretl  by  tmnsmittcd  light  They  give  off  !3-8  per  cent,  («  2  at.) 
watOT  at  100^  C,  the  remaining  atom  not  being  given  off  till  the  salt  is  heated  to  a 
temperatuire  at  whicli  it  undergoes  complete  decomposition,  giving  off  carbonic  oxide  and 
carbonic  anhydride,  yieldio^^  an  add  diistillate*  the  hitter  portions  of  which  form  a  block 
precipitate  with  oitmte  of  silver,  and  leaving  a  residue  of  copper  and  charcoaL  Tho 
salt,  heated  in  the  air  to  a  temperature  below  redness,  bums  with  a  glimmering  light 
and  slight  sparkling,  leaving  &rst  a  red  powder  of  metallic  copper,  afterwania  CDprie 
oxide.     Fuming  nitnc  acid  sets  it  on  fi^ro  with  vivid  sparkling, 

Croconate  of  copper  dissolves  very  sparingly  in  cold  water,  rather  more  in  boiling 
water,  forming  an  acid  solution,  which  forms  ^vitli  potash  a  blue  precipitate  soluble  in 
excess  of  the  ulkLili.  Ammonta  produces  a  similar  reaction,  and  likewise  dissolves  the 
crystals.  The  aqueous  solution  forms  but  a  slight  deposit  of  copper  upon  iron,  unless 
hydrochloric  acid  is  also  present.    (Omelin.) 

Oroeonates  of  /ro«.— Croconate  of  potassium  forms  with  a^iueous /<rm<;  chloride 
a  clear  black  mixture,  which  in  thin  layers  exhibits  a  garnet -red  colour  (Qmelin): 
it  diL'posits  indistinct^  very  dnrk-coloured  ciyst^ils,  soluble  in  wateir  and  Hlcohol 
(Heller).     The  potassium -salt^  added  to  /arrows  sulphite  forms  a  dark  yellowish 
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liquid,  wHcli  afterwafda  deposits  brown  fljOcea,  cbanging,  aft«r  some  houra,  to  dork 
brown  czystaK  blue  hj  reflected  Light ;  tbaj  resemble  the  copper-salt  m  form^  and  ure 
soluble  in  water  and  i^cohoi     (Uelltisr.) 

Croconafrd/Zr^arf.—CWO»  +  2H'0  (Will),  is  obtained  bypourinpf,  firef  acetic 
acid,  then  a  hot  dilate  solation  of  acetate  of  l<*aa»  into  a  solution  of  tirocotiiit«  of  po- 
tassium. It  ifi  &  micaceonSf  golden -jeUow  prmpltate,  which  gircs  off  it«  wat^  at 
180O0.     O^^ilL) 

Croconate  of  Mag nesiu m, — DaA  brown  prisms.    (Heller.) 

Croeonate  cf  Mangantae.^-Bj emp^riLtiRg  the  acid  with  mangauDXis  aoetat^  of 
liATing  the  potassinm-aalt  for  somo  time  in  contact  with  manganons  inilph&t«^  dingy 
y^Uow  eryatiua  are  obtained,  having  a  faint  blue  reflex.     (Heller.) 

Croeiynattof  Mcrcurj/. — Tb©  potassium-salt  added  either  to  mercuric  or  mcr- 
ennms  nitrate,  forms  a  yellow  preeipitat4?. 

Croconaie  of  NickrL — By  evaporating  croconie  acid  with  sn1phat«  of  nickel, 
light  brown  grains  are  obtaincni,  fioluble  in  water  and  alcoliol     (Hellt^r.) 

CroconaUM  of  Potassium,  a.  Neutral ^  C*K=0*  +  2H=0. — Prepared  by  cjiii- 
tic»UBlj  diasolTing  in  wateir  the  black  mass  abtained  as  ah  accessory  product  in  the 
prmration  of  potaw»qni,  ^-filtering, = concent mting  the  filtrate  over  the  watcr-Tmth, 
and  lenTiDg  it  to  crystallise, — pressing  the  yellow  n&edlea  thus  obtained, — and  re- 
frystalliiong  from  hot  water  (Gmelin).  Crystaflises  in  slender  necKiles  or  prisms 
of  an  orange  yellow  colour,  which  effloresce  and  give  off  their  water  at  a  temj>eratiiro 
ooosidenibly  below  100**  C^  or  when  treated  with  oil  of  vitriol,  and  become  U^mon- 
vellow.  At  a  high  tem|^eraturo  the  salt  earbonisee.  Nitric  acid  and  chlorine 
decolorise  it,  and  ooDTort  it  into  leuconate  of  potassLuni  (p.  108).  It  is  moderately 
aolnble  in  wat«(r«  en>«cially  in  hot  water ;  insoluble  in  absolute  alcohol.  The  aqui^tia 
solution  reduces  chJoride  ofgoid  when  heat«d  with  it;  with  mercuric  chloride  it  forms, 
aft49  a  while,  a  white  precipitate,  probably  consisting  of  calomel. 

3.  Jcid  tait,  (7HK0*C»HM)*  4-  2H'0.— Obtained  by  adding  to  a  solution  of  tho 
Dcutiml  salt,  a  quantity  of  ealphnric  acid,  not  sufficient  to  defompose  it  pomplctely. 
FofTDS  prisms  more  deeply  coloured  than  the  neutral  salt,  and  having  an  acid  ivaction* 
(Omelin.) 

CroeonaU  of  SH^er^  CAgK>*,  is  precipi  tated  in  aurora-red  fiakcs,  insoluble  in  water* 

Croe&naie  of  Sodium^  obtained  by  jieutrdli  sing  the  acid  with  cartfonate  of  kh 
dium,  forms  rhomboTdoI  prisms  less  deeply  coloured  than  the  potassium -salt,  and 
containing  water  of  crystallisation,  Teiy  sokblo  in  water,  sparinglj  in  alcohoL 
(Heller,) 

Croeonats  of  Tin, — The  potassium-salt,  added  to  a  solution  of  stanmm  chlondo 
throws  down  a  large  quantity  of  an  orange-yellow  powder  (Gmelin)  ;  it  decomposes, 
with  Tiolence  when  bested,  and  is  sparingly  soluble  in  water  (H  el ier).  Stannio 
cMurids  is  not  precipitated  bj  croconate  of  potassium. 

Croeonateof  Uranium, — ^Th©  hjacjnth*r©d  miittire  of  croconic  acid  or  croco- 
nsie  of  poUannm  with  uranic  nitrate  yields,  by  spontaneous  evaporation,  yellowish- 
rvd,  transparent  crystals,  easily  soluble  in  watii^r  and  in  aloohoL     (Heller.) 

Croconate  of  Zmc, — Cr}'stalline  grains  soluble  in  wat-erond  alcohoL 

Cf neonate  of  2ir<?onii*m,  — Yellow  crystals  soluble  in  water  and  alcohol. 
(Heller) 

OSOCOXAarTaiar.  A  peeab'ar  yellow  colouring  matter,  said  to  exist  pure  in  the 
iovers  of  CrocwluUns,  mixed  with  other  substances  m  the  stigmata  of  Crocits  sativvs 
tad  (Mi»U9  multifidvs,  and  in  other  plants.  It  is  a  golden-yellow  amorphous  body, 
of  eonsideTable  colouring  power,  easily  soluble  in  water  and  alcohol,  bat  insoluble  in 
«ther.  It  is  not  altered  either  by  aci(£a  or  by  bases, — a  character  whicli  distinguish o?! 
il  from  other  yellow  colouring  matters,  such  as  xunthin*  &c* ;  forma  yellow  Inken  wit li 
•eretml  raetolUe  oxides,  and  may  be  flxed  on  tiKsucs.     (Filhol,  J.  Pbarm.  [S]  xlviii.) 

CBOCnrS*  A  term  applied  by  the  older  chemists  to  many  metalic  coinpoiind?; 
tiling  oaQ^ffiilphide  of  antimony  (i.  328)  was  called  Crocm  Antimtmii^  or  Crocus  mt* 
UMormn;  sesqmoxide  of  iron.  Crocus  Martis  and  Crocus  Mariis  apcritivus  :  cuprous 
oxide,  Crocus  Fir«rrw,  &c. 

CMOCtfB  BATXWS.     See  Sajtbok. 

cmowSTBDTZTS.  Chloromelam. — Ahydratcd  ferrous  silicate,  containing  also 
small  quxintitjefi  of  niagnesia  and  manganese,  found  in  a  Tcin  of  silver  ore  at  Prxibcam 
in  Bohemia,  acconnpinyiiig  pifTite,  siderito,  calcitc,  and  limonite ;  also  at  Wheal 
MAiMJlin  iQ  Com  wall,  with  pjrite  and  sidcrite.  It  crystal!  ine^a  in  the  hexngonal  system, 
Ibnntng  itx-iididpirismS)  with  the  busic  terminal  face^  generalty  in  divei^ing  gToa£« ;  alao 
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Tpnifonti  and  amorphous.  Cleavage  basal,  Tery  distinct*  Colour  raven-blat-k  Streak 
dark-groeti.  Opaque,  with  strong  vitreoas  lustre.  Rather  brittle ;  thin  laminae, 
BOmetrhat  flexible  Specific  gruvity  =  3-3  to  34.  Hardue^^a  =  2"5.  Before  tho 
blowpipe  it  BwelLi  up  a  Ktde,  and  mf^lta  on  the  edges  to  a  bhickiah-fp-ej  ma^etic 
ilag.  With  bof«x  and  phosphoms-sHlt  it  gives  the  reactioti^  of  iron,  silica,  and  man- 
ganeao  ;  witli  aoda,  that  of  miiugaiiieae.  It  givea  off  water  when  heated  in  a  t«st-tube, 
X)eeompo*k!id  bj  hydrochloric  or  Bulpburie  acid,  fonmng  a  j^j  of  ailica. 
Analysis,  hy  Kobell  (Schw.  J.  Ixii.  1&»): 

SiO"        Pe'O        Fe^O"        Mg=0        Mn'O        H'O 

22"46       27  IS         35*35  2'BB  5*08         lO'TO^loaiJi, 

agreeing  approKimatelj  with  the  formula  3(2Fe»0,SiO*>2(r©«Ol3HK>),  or  3Fe*8iO« 
+  4(Fe^)"'H-0'. 

CROSS-STOIVS  or  C&UCXTB.     Sjn.  with  CmJLSTOi.iTE  (i.  868), 

CROTOia*  OIl«*  Oleum  crokmis. — A  fatty  oil  exist m|?,  to  the  amount  of  about  50 
per  cent,  in  the  sf^eda  of  Croton  Tiglium,  a  plant  of  tb«>  Eitphorbiaceous  order.  It  ia 
usually  obtained  by  strongly  prcaamg  the  bruisod  Bceds  between  hot  platea,  — aoine* 
time-n  by  digestion  with  alcohol  or  sulphide  of  carbon. 

The  properties  of  croton  oil  differ  to  a  certjiin  eitcnt  aecording  to  the  mode  of  pre- 
pftration.  The  oil  obtained  by  pressure  has  a  more  or  leas  yellow  or  l>rown  colour, 
and  tt  peculiar  rancid  odour ;  its  ta»to  is  mild  at  first,  but  afterwards  burning.  It  ia 
somewnat  viscid,  especially  when  old,  and  deposits  more  or  less  of  a  dirty  white  body. 
It  m  a  powerful  drastic  pur^tive,  and  irritates  and  reddens  the  skin.  *fhe  latter  pr^ 
pcrty  i«  due  to  a  peculiar  oil?  body,  called  croton ol^  C?*H**0*  The  purgative  action 
wa«  formerly  ascribed  to  a  volatile  add  of  the  oleic  series,  crotonie  acid  ;  but  subw*- 
queot  investigations  havo  abown  that  this  is  not  the  ca*^ ;  the  exact  nature  of  tho 
piugative  principle  is  not  known.  According  to  Mayer  (N.  Jabrb»  pr.  Pharm.  x 
318),  a  volatile,  highly  irritatiag  substancCj  which  afiects  the  lining  membmneJS  of 
the  noae  and  mouth,  ie  evolved  during  the  pressing  of  croton  seed*  between  wami 
plates ;  this  sitbstiLnoe  also  remains  to  be  investigated, 

Brandes,  who  flnt  examined  croton  oiJ,  auppo«ed  that  it  contained  a  ^moll  (quantity 
of  an  alkaloid,  to  which  he  gave  the  name  crotonine;  he  obtained  it  by  digeating 
tlie  alcoholic  citract  of  croton  seeda  with  water  and  magnesia.  According  to  Weppen, 
however,  this  supposed  alkaloid  is  notiiing  bilt  a  ntagnesia-fioap  of  croton  oiL 

The  mo«t  fXAot  investigation  of  croton  oil  has  h&m  made  by  Th.  Scblippe  (Ann. 
Cti.  Phamj*  cv»  1).  To  obtnin  the  oil,  the  seeda  were  first  pressed  between  warm 
phites,  and  the  remain  trig  cake,  after  being  comminuted,  was  exhauiited  with  alcohol 
of  85  per  cent,  in  ti  displacement  apparatus^  so  arranged  that  the  aJcfiliol  which  ran 
off  could  be  distillcjil  hack  again.  Aller  this  process  had  been  repeated  four  times,  the 
receiver  contsine*!  two  layers  of  liquid,  tho  lower  of  which  was  oQy,,  and  contained 
14  pta,  oil  to  1  pt.  alcohol,  the  upper  mobile,  containing  23  ptA  tdcohol  to  1  pt, 
oil.  The  leaiduiil  mass,  still  saturated  with  alcohr»l,  was  preasou,  and  yielded  a  con- 
sidenible  quantity  of  oil  surmounted  bj  a  layer  of  alcohol.  From  this  and  the  pre- 
ceding portions  the  alcohol  was  distilled  oSl  In  this  manner  four  portions  of  oil  were 
obtaiuea.  (1.)  The  portion  obtained  by  warm  pressure;  (2.)  That  which  waa  dis- 
placed and  dissolved  by  the  alcohol  j  (3.)  That  diapkced  by  the  akobol  but  not  dis- 
iMjlved,  forming  the  lower  layer  above  mentioned ;  (4»)  The  portion  expirfifised  from  thfl 
residue.  Of  these  the  second  exerted  the  strongest  irritating  action  on  the  akin  ;  this 
action  wa«  much  weaker  in  the  third,  and  weakest  in  the  first  and  fourth. 

Croton-oil  obtained  by  pressure  was  found  to  contain  stearic^,  palmitic,  myrisb'c,  and 
lauric  acids^  two  acids  of  the  oleic  series,  whose  formulae  lay  between  C"H**0'  and 
C'*H'"0',  —  also  crotonie  and  angelic  acids,  together  with  glycerin  and  other  stib- 
Btoncesi. 

Tho  alcoholic  extract  of  cpotoU'seeds,  diluted  with  water  and  evaporated  to  remove 
the  alcohol,  became  turbid  on  cooluig,  and  deposited  a  dirty  yellow  crystalline  lK»dv, 
which  has  not  been  further  examined*  but  is  perhaps  the  pnigative  principle  of  the 
seeds.  This  body  is  decomposed  during  the  saponiAcatioia  of  croton  oil,  and  yields 
a  peculiar  black  rojfin  {vid.  mip.) 

cmaTONZG  ^CTD^  C*H«0'  -  C*H*O.H.O,  or  C"^0*,     (Pelletier  and  Ca* 

ventou,  J.  Pharm.  iv.  289. — ^Caventou,  ibid.  xi.  llO.^Buchnor,  Repert  Pharm. 
xix,  185.— Schlippe,  Ann*  Ch*  Pharm,  cv.  1.) — This  acid,  which  l>efongB  t^  tlie 
oleic  series,  C*H**^-*0',  and  occupies  tbe  intermediate  pluee  between  acrylic  actd 
C'H*0^  and  angelic  add,  Cf*H'0',  is  obtained  by  the  auponiftmtion  of  croton  oil.  The 
oil  extracted  by  pressure  is  saponified  with  soda-ley ;  the  alkaline  liquid  is  treated 
with  common  p^dt^  which  »€»panit4?8  a  soap  containing  palmitiite,  Rtoarate,  m3rristate, 
and  laumte  of  ecKUumi  leaving  czotonate  fwd  migektc  in  solution  ]  this  soap  is 
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srith  brine ;  and  the  mother-liquor,  together  with  the  washings,  is  supersaturated  with 
tartaric  acid.  It  then  becomes  colourless  and  deposits  yellow  flocks, —  a  product  of 
the  decomposition  of  the  supposed  purgative  principle  mentioned  in  the  last  article, — 
which  cake  together  to  a  black  resm.  The  filtered  liquid  is  then  distilled ;  the  dis- 
tillate, containing  crotonic,  angelic,  and  hydrochloric  acid,  is  neutralised  with  baryta, 
and  eyaporated  to  dr^ess ;  and  the  residue  is  again  distilled  with  dilute  tartaric  acid. 
Crotonic  acid  then  distils  over  fiirst,  together  with  water,  and  afterwards  angelic  acid 
crystallises  in  the  neck  of  the  retort.  The  saturation  of  the  liquid  distiUate  with 
baryta,  and  the  decomposition  by  tartaric  acid,  are  repeated  till  the  distillate  no 
longer  contains  hydrochloric  acid ;  the  liquid  is  then  finally  neutralised  with  baryta ; 
the  excess  of  baryta  removed  by  carbonic  acid ;  the  filtrate  eyaporated  to  dryness ; 
and  the  residue  decom|)osed  by  heating  it  with  strong  phosphoric  acid.  As  the  liquid 
cools,  the  crotonic  acid  rises  to  the  surface,  and  may  be  separated  by  means  of  a 
pipette. 

Crotonic  acid  is  a  colourless,  oily  liquid,  haying  a  somewhat  pungent  odour  and 
an  add  taste.  It  dissolves  with  moderate  facility  in  pure  water,  but  is  insoluble  in 
saline  water.  When  carefully  heated  with  hydrate  of  potasaium,  it  gives  off  hydrogen, 
and  forms  acetate  of  potassium : 

C*H«0»  +  2KH0  «  2C«H«K0*  +  m 

The  crotonate8  are  inodorous.  The  potassium-salt  forms  rhomboidal  prisms, 
permanent  in  the  air,  sparingly  soluble  in  alcohol  of  specific  gravity  0*85.  The  barium^ 
salt  is  yerr  soluble  in  water  and  in  alcohol,  and  separates  by  concentration  in  nacreous 
crystals,  the  powder  of  which  excites  powerful  irritation  in  the  throat.  The  magne- 
sium-salt is  granular  and  sparingly  soluble  in  water. 

Crotonate  of  ammonium  forms  a  cream-coloured  precipitate  with  ferrous  sulphate; 
white  with  silver  and  lead  salts ;  bluish-white  with  salts  of  copper.  It  does  not  pre- 
cipitate  ferric  sulphate  or  chloride  of  mercury. 

.  CSOTOVOL  C»H"0«.  (Th.  Schlippe,Ann.Ch.Pharm.cv.l.)  — Containedin 
croton  oiL  To  prepare  it,  the  oil  is  shaken  up  with  a  quantity  of  alcoholic  soda  sufi- 
cient  to  form  a  milk ;  the  mixture  is  gently  heated  for  some  hours ;  water  or  brine  is 
added  ;  and  the  oily  layer  which  then  rises  to  the  surface,  is  completely  removed  by 
repeated  filtration  through  wet  filters.  On  mixing  the  filtrate  with  water  and  hydro- 
chloric acid,  another  oil  separates  ou^  which  is  dissolved  in  cold  alcohol,  digested  witii 
hydrate  of  lead,  till  its  acid  reaction  is  neutralised  (whereby  a  fiocculent  precipitate  is 
formed  which  aifterwards  coagulates  into  a  greasy  mass),  then  mixed  with  a  little  soda 
and  a  laige  quantity  of  water.  The  milky  Uquia  thereby  produced  becomes  clear  after 
a  while  and  deposits  an  oil,  which  is  to  be  washed  with  water,  then  dissolved  in  ether, 
and  the  ethereal  solution  again  washed  with  water,  and  evaporated  in  vacuo.  It  then 
leaves  crotonol  amounting  to  4  per  cent  of  the  oil. 

Crotonol  forms  a  colourless  or  faintly  yellow  viscid  mass  of  the  consistence  of  tur- 
pentine. It  has  a  faint  peculiar  odour,  and  is  the  part  of  croton-oil  which  irritates 
the  skin,  not  the  pui^a^ative  principle. 

It  cannot  be  distilled  without  decomposition,  even  in  vacuo  or  in  a  stream  of 
carbonic  acid  gas.  When  distilled  with  water,  either  pure  or  containing  sulphuric 
arid,  it  yields  first  a  colourless,  then  a  black  oil,  which  cannot  be  distilled  at  200° 
even  in  yacuo,  and  leaves  a  black  resin  which  forms  with  alcohol  a  turbid  solution 
prccipitable  by  acetate  of  lead.  A  solution  of  crotonol  in  absolute  alcohol  does  not 
form  crystals  with  ammonia.  Crotonol  does  not  combine  with  acid  sulphite  of  sodium. 
With  melting  sodium  it  gives  off  gas  with  violence,  then  becomes  thicker  and  resinous. 
By  boiling  with  caustic  potash  or  soda,  it  forms  a  brown  resin  which  no  longer  reddens 
the  skin.    The  alcoholic  solution  of  crotonol  does  not  precipitate  metallic  salts. 

fSWLlOfUWZ  OTMBm  Toloucina  oil. — A  fatty  oil  obtained  from  the  seeds  of  Carapa 
Tcloucina,  a  tree  twenty  feet  high,  growing  on  the  Gold  Coast.  The  seeds  are  first  dried 
and  smoked,  then  bruised,  boil^  with  water,  and  the  oil  which  separates  is  collected. 
The  oil  has  a  bitter  taste,  apparently  due  to  the  presence  of  a  foreign  basic  substance, 
and  a  repulsive  odour ;  it  dissolves  completely  in  ether,  but  is  separated  by  alcohol 
into  two  parts,  the  solid  portion,  together  with  the  basic  substance,  dissolving,  while  a 
liquid  oil  remains  undissolved.  Croupi  oil  is  used  by  the  natives  of  the  West  Coast 
of  Africa  for  burning,  and  as  a  remedy  against  intestinal  worms.  (Handw.  d.  Chem. 
2-  Aufl.  ii.  [3]  231.) 

cmO'WW  O&ASS.    SeeGLAsa 


See  Staubolitb. 
Syn.  of  Chiastolitb  (i.  868). 

The  shells  of  cmstaoea  contain  oi^ganic  and  inorganic  matter  in 
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nenrljr  equal  qoantities,  the  moi^iinic  portion  consiBtiDg  maialj  of  carbonate  of  cdcium 


with  a  fiiimller  qiiantity  of  phosphate. 
in  the  shi*ll 


Fre my  (Atm.  CL  Phya,  [3]  xliii.  47)  found 


Cn^PO*, 

c»«co». 

Orgaaic  matler. 

Of  the  Bca-crab     * 

.     6'7 

490 

44-3 

Of  the  land-crab    . 

.    fi'7 

668 

36-5 

The  organic  portion  oonaijtj  mainly  of  chitJn  (i.  874.) 

CRTCI£ITS.  Natiye  fluoride  of  sodium  and  alumininin,  3NaF.Al^F*.  Found  in 
larp»?  qurmtily  &t  ETiqflok.  in  thfl  Arksut-fjordi  in  Wcat  Greenland,  where  it  forma  a 
bod  80  feet  tkick  and  300  feet  long  ;  also,  with  chioHtG,  Uthi&-mica  and  Huor  spar,  at 
Mi  ask,  in  the  Ural.  Crystallise*  in  tlio  dimetric  system.  Specific  gravity  =  2-&  — 
3'08.  Hardness  =  2  5.  Colourless  niid  traii«pareivt  when  pure.  At  the  surface  of 
the  bed  just  mttfitionedt  the  mineral  is  white,  Imt  below  tJie  surface  it  exhibits  a  eon* 
tinualiy  darker  coloan  and  at  last  almost  blHck:  thd  eolonr  is,  howorer,  deatroyetl  by  a 
moderate  heat.  Crj'olite  melts  below  a  red  heat  and  forms  fiui  opaqnc  glasa  on  cooling. 
It  is  very  slightly  soluble  hi  water.  It  ia  used  for  tho  extraction  of  alnrainium,  and 
also  for  the  preparation  of  eaiistit!  soda  for  soap-hoiling.     (See  ALuitrnniM,  i,  167.) 

CTL Ti If TXnZlf S«  C'*n"N.  An  organic  baae  contained  in  that  portion  of  the 
bases  from  coal-tar  {a,  t\)  which  pos»csaes  the  highest  boiling  point  (above  274*^  C). 
It  has  not  been  obtained  piLpe,  its  composition  havinig  been  determined  only  by  the 
analvsis  of  the  pl>itiniim-salt.  which  crystallises  in  yellow  needlt:^.  It  is  homologons  with 
chin'otine,  C^H'N,  aod  lepidine,  C"'H''N.     (C.  Gr.  WilHama,  Chem.  Gaz.  1866,  Hm.) 

CR17TOX»X]f^  An  organic  liquid,  found  togethi-r  with  brewstolin  (L  663)  in 
cavities  of  topaz,  chrysolieryl,  quarta-crystals  from  Qm-bi'^c,  ntid  amethyst  from  Siberia. 
The  two  liquids  sometimes  occnT  in  the  name  cavities,  but  they  are  not  miscible. 
Cryptolin,  when  exposed  to  tho  air.  flpcetlily  hardens  into  a  yellawishj  trausporont^ 
resinous  body,  not  volutilisable  by  heat,  or  soluble  in  alcohol  or  in  water^  but  dissolinng 
rapidly  and  with  effervescence  in  sidphurie  acid.  Nitric  and  hydrochloric  acid  also 
dissolve  it.     Indci  of  refraction  nearly  tho  same  as  that  of  water.     (Dana^  ii,  47 1-) 

C&^FTO^ITB  (from  ifpuwroi,  concealed).  Native  phosphate  of  cerium^  CeTO*, 
discovered  by  Wohler  (Ana.  Ch,  Phann.  Mi.  268)  in  the  rose-coloured  apatite  of 
Arendal  in  Norway,  from  which  it  is  separated  by  dissolving  the  apatite  m  nitric  add, 
the  cryptolite  then  i^maining  usdiaBolvftd,  in  Tefy  jmall  beKagonoI  etystaU.  (See 
Phosfkatbs.) 

CMYBTMS^IW,  or  Ghbtdin.  An  albuminona  snb«tance,  contatned  in  the  crys- 
talline lenH  of  the  eye,  and  supposed  by  Borzelius  to  be  identical  with  the  albimiiiiouA 
constituent  of  the  blood-eorpusclea,     (See  QLOBULm.) 

CftvfiT.A.XiXiXirM*     An  old  uame  for  aniline  or  phenylaminc. 

CXTSTJL%XilSA.*ftOir.  A  crystal  is  a  solid  body,  bounded  by  nlane  mirfaces, 
diflfjT^ed  ttccoriling  to  a  regular  law  of  symmetry,  the  form  thus  produced  being  es;sen< 
tially  related  to  the  eomposiitiou  and  properties  of  the  body*  so  that  tho  minutest  par- 
ticles into  which  tho  body  can  be  mechamcally  divided  exhibit  either  the  some  form,  or 
one  related  to  it  by  determinate  laws.  This  easentiid  connection  between  form  and 
composition  distinguishea  a  crystal  from  a  regular  form  artificially  produced^  aa  by 
carving  or  morlelling.  All  crystnLi  cleave  in  certain  directions  more  easily  than  in 
others,  and  all,  C3icH>f  ing  thoao  which  belong  to  the  regular  system  (see  Cktstallo* 
gbAfht),  refract  Hglit  doubly. 

To  enable  a  body  to  assume  tlie  crystdline  state^  its  partidea  moat  po«aeaa  a  certain 
fk'eedoiii  of  motion.*,  henee,  the  fluid  state  ia  for  the  most  part,  an  easential  preliminary 
to  crystalliwation.  Sometimes,  indeed,  an  amorphous  solid  —  tbat  in  to  say,  one  whicti 
has  no  definite  stmrtnre,  either  crystalline  or  organised  —  pauses  spontaneoturlv  into 
the  crystalline  state  without  prcviima  liquefaction.  Thin  w  the  ease  with  plastic  sulplmr, 
vitreous  arsenious  acid,  and  barley-sugar,  which  gradually  change  from  tniOfpjiront 
amorphous  solids  to  opaque  aggregates  of  minute  crystals.  But  generally  speaking  it 
ia  in  the  passage  of  s  body  from  the  liquid  or  gaseous  to  the  solid  st^te  that  the  regular 
and  symmetrical  arrangement  of  the  molecules  takes  place,  which  constitutcit  crj-stalH- 
fation.  The  Tapouraof  many  stibstancos,  when  they  come  in  contJict  with  cold  surfaces 
pass  at  once  to  tho  state  of  crystalline  solids,  c.  (f.  sulphur,  iodine,  Itemsoic  ocid,  arse- 
nious: acid,  camphor,  &c.  It  is,  however,  in  the  trantition  from  the  liquid  to  the 
solid  state  that  crystallisation  most  frequently  takes  place.  If  the  body  has  been 
brought  into  the  liquid  state  by  the  action  of  heat  alon*:-,  it  may  l^e  made  to  erj^»t.alli''e 
by  cooling,  e.g.  bismuth,,  aulphur.  To  obtain  deflnite  crystals  in  this  manner,  the 
liquid  ma-Hs  is  allowed  to  cool  only  till  a  certain  portion  near  the  surface  and  in  contact 
with  the  sides  of  the  vessel  haa  become  solid,  a  hole  being  then  pierced  in  tho  cnist* 
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And  the  Teseel  inTerterl,  so  that  tbe  portion  whioli  a  till  remains  liqaid  may  nm  out 
Wi.  690).  A  solid  body  dissolved  to  sattiration  in  u  hot  liquid  may  also  th?  made  to  rrya- 
iailifi^  by  cooMjigj  e.  q.  tulpbur  from  solution  in  sulphide  of  carbon  ;  nitre  or  aJum  from 
solution  in  water.  The  crj-»tatlisation  of  a  solid  frim  solution  may  likewise  be  cftkjted 
by  ramoTing  the  solvent,  either  by  eraporation,  or  by  adding  another  substance  with 
which  the  eolv^nt  ha«  a  greater  t^ndeney  to  unit^  than  with  the  aubstance  previously 
dissolTed  in  it ;  in  this  manner,  cblonde  of  sodium  cTystalli»e«  from  its  iqnsotiii  solution 
on  addition  of  chloride  of  calcium ;  nitre  from  ita  agueoits  solution  on  addition  of 
alcohol;  iodine  from  solution  in  hydrtodic  acid  on  the  introduction  of  a  smaU  quantity 
of  chlorine. 

The  more  slowly  th©  liquefied  body  is  brought  back  to  the  solid  stat*,  and  the  more 
the  b*quid  is  kept  at  rest^  the  smaller  is  the  number  and  the  greater  the  size  and  re- 
gularity of  the  GrystaJs ;  but  if  the  solvent  be  cooled  or  separated  quickly,  the  cjystals 
are  niuneroas  but  ^mail  and  ill  defined.  In  the  former  caaep  the  particles  of  the  eolidi- 
fring  body  have  time  to  unite  themselves  regularly  with  those  whieb  tieparute  first  from 
tile  fluid  and  form  nnclei  of  crystalliaation  ;  if^  on  the  contrary,  the  crystallisation  t4ikes 
pkAoe  rapidlyi  a  great  number  of  particles  solidlQr  at  the  same  time^  each  formin|];  a 
anelsQS  to  wMcfa  oth^  portions  may  attach  thKosetree,  and  thna  we  obtain  a  number 
of  cmtals  irrei^alArly  formed  and  interlacing  each  other  in  all  directions.  In  tlus 
consists  the  diflTerence  between  siigar-caudy  and  loaf-sugar;  similarly,  all  ([i^aiiular 
and  Bbrous  bodies,  such  as  tufn  and  iSbrous  gypsum,  must  be  regarded  as  coUections 
of  imperfectly  formed  erystal^H,  To  obtain  crystals  as  large  and  regular  as  po8;sible, 
Leblane  recommenda  (X  Phys.  Iv.  300)  to  allow  a  solution  not  quite  saturated  to  cool 
alowlj,  so  that  none  but  distinct  crystals  may  be  formed,  then  to  pick  out  the  best 
formed  of  these  and  lay  them,  separate  from  one  luiother,  in  a  solntioa  of  the  same 
mJc,  which  by  gentle  wanning  m  contact  with  tlie  salt  has  been  made  to  hold  in 
solution  a  quantity  of  it  just  a  little  greater  than  tJiat  which  it  can  contain  at  the 
ordinary  temperature^  so  that  il  may  deposit  this  excess  on  the  crystals  laid  in  it. 
This  troatment  is  repeated  till  the  crystals  have  obtained  the  desired  magnitude,  care 
bezDK  taken  to  turn  them  fre<5uently,  because  the  surfaces  resting  on  the  bottom  are 
in  a  iMi  fiiTOurable  position  tlan  the  others  for  taking  up  fresh  particles.  The  trouble 
of  repeatedly  prepanns  a  alightly  snpeFsatnrated  soindou  may  be  saved  by  suspending 
in  tae  upper  part  of  the  liqmd  a  quantity  of  the  salt  contained  in  a  bag  of  muslin 
or  in  a  fiinneL  Irrcignlarly  developed  crystais  may  also  he  brought  to  regular  shape  by 
covering  the  fully  oovelopBd  sorfacee  with  wax,  so  that  only  the  laces  wliich  require 
further  development  may  come  in  contact  with  the  solution. 

The  formation  of  crystals  takes  place  most  readily  in  contact  with  bodies  which 
ahetract  beat  from,  the  liquid,  or  to  which  the  crystals  can  adhere.  Hence  they 
Ibim  OB  the  mir&oe  of  the  liquid,  in  so  far  as  evaporation  and  eooling  by  the  in- 
Uneoee  of  the  aii;  or  adhesion  of  the  air  to  the  crj'stals,  can  give  rise  to  their  pro- 
dnetton;  also  on  the  bottoms  and  sides  of  the  containing  vesspls,  and  ou  solid  bodiea 
taUDArsedin  the  liquid.  For  tlm  most  part,  crj'Stils  deposit  tJiemselves  more  easily  on 
wood  and  string  than  on  porcelain,  glass,  and  metal ;  more  easily  on  porcelain  than  on 
giMB,  and  generally  more  easUy  on  rough  than  on  smooth  surfaees,  because  the  former 
tweecut  a  greater  number  of  points  of  adheaion.  When  a  glass  tube  containing  a  crystal- 
UMble  liquid  is  scratched  with  a  glass  rod,  the  crystaJd  deposit  themselves  in  preference 
on  the  seratchet.  CTiystallisation  is  also  especially  facdifated  by  introducing  into  the 
bqoid  a  crystal  of  the  substances  previously  formed.  A  solution  saturated  at  a  high 
temperature  may,  under  certain  circumstances,  l>e  cooled  down  several  degrees  without 
depositing  crystals ;  but  the  introduction  of  a  crystal  of  the  substance,  causes  the  whole 
to  solidify  instantly  in  a  crystalline  mass.  This  phenomenon  is  easily  exhibited  with 
Glanbei^e  salt  (See  SoimoNS,  SuFSBSATtraATED.)  In  like  manner,  the  introduction 
of  a  oystal  of  nitre  into  a  solution  of  nitre  and  Glauber's  salt,  prepared  hot  and  sub- 
luently  cooled,  causes  the  nitie  to  sepflrate  alone;  a  ciystal  of  Glauber's  salt  removes 
[y  the  Glauber's  salt ;  wheress,  if  the  solution  Ijc  left  to  itself,  both  salts  crystallise 
it  together,  the  crystals  int-erlacing  each  other.     (Lo  witi^) 

When   a  solution  evaporates  below  its  boiling-pr^int,  the  first  crystals  are  usually 

posited  on  the  sides  of  the  vessel  at  the  uppermost  surface  of  the  liquid  :  another 

rtion  of  the  liquid  often  rises  through  these,  and  yields  by  evaporation  new  cr^'stalst 

hich  ultimately  m;ike  their  way  over  the  edge  of  the  vessel    This  is  efflorescence. 

rben  crystals  form  at  the  bottom  of  a  liquid,  a  current  is  prr>duced,  because  the  in- 

dividnal  ctystals  take,  from  that  part  of  the  solution  with  which  they  are  immediately 

in  o>ntact,  as  much  of  the  salt  as  is  possible  under  the  existing  circumstanct^s ;   eonse- 

qMHtlj  this  part  of  the  liquid  becomes  lighter  and  rises  to  the  surface,  its  place  being 

WBfjjiTd  by  a  more  saturated  portion  of  the  liquid. 

^Vhan  a  body  crystallises  from  solution  in  a  liquid,  and  the  lattesr  is  not  completely 

by  eTaporation,  there  remains  a  portion  cjille*!  the  mother-liquor  (Etru 
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mirttf  Muiteirtauge).  This  Hqaid  holds  in  Bolution  a«  mudi  of  thp  crystallising 
body  80  m  consistent  with  it^  quanfity  jiud  temperature*  It  oft<*u  happens,  especially 
when  cryataUisation  ppoc€«ls  rapidly,  and  the  crj^atidHne  laminjp  in  the  at't  of  nuiting 
IfAve  Atnall  apaoes  lietwecn  them^,  that  gmall  and  (even  with  regard  to  the  aame  sub- 
stance) vwy  TAriable  quantities  of  the  mother-liquid  remain  enclos'?d  in  the  cry^ftal- 
line  mass,  fontiiuf^  tbo  Water  of  Decrepitation.  Crystala  which  contain  liqnidH 
thus  enclosed,  and  do  not  melt  below  the  boiling*point  of  the  mother-liquid,  exhibit, 
wh^^n  heatod,  the  phenomena  of  Decrepitation,the  vapour  given  off  from  the  mother- 
liqnid  bursting  the  ciyHtalHne  miunjwith  violence.  Thia  water  of  decrepitiitjon,  which, 
OS  an  aecidtrntal  mechiinieal  admixture,  has  no  influence  on  the  form  of  the  crystal,  m 
altopether  difFtrent  from  the  chemically-coinbiBed  water  which  certaiQ  cnrstalB  contain 
in  ili^6iiite  pn^poi'tion,  and  whieh  is  esseattal  to  their  ci^etalline  form.  Uommon  salt, 
crys<tiil]i Med  by  slow  evaporation  from  an  aqueous  Bolntioo  does  not  decrepitate?;  bnt 
when  rrystalliBed  by  rapid  boiling  of  the  liquid,  it  decrepitates  riol^tly.  Many  forms 
of  <*alcspar  decrepitate,  othem  do  not. 

If  a  solution,  in  addition  to  the  cryntaliiMing:  substance,  likewise  contains  others 
which  are  less  easily  crystallisable,  the  latter  \n'll  remain  in  the  mother-liquid  after 
the  separation  of  the  greater  part  of  the  fonner.  Thiiii  circumstance  fuTni»hp«  a 
method  of  purifying  eafiily  crystallisLableeubshinccs  by  repealed  solution,  crystaUisation, 
pouring  oflTof  the  mother-liquid,  washing  with  small  quantities  of  tho  coldHolrent,  and 
prewing  bc^twcen  blotting-paper.  In  this  method  of  purification,  the  formation  of  lar^ 
orystala  by  slow  cooling  or  evaporation  is  usually  preferred,  beeauae  they  present  fewer 
surfaces,  and  are  therefore  more  euaily  freed  by  washing  from  the  adhering  mother- 
liquid.  Sometimea,  on  the  contrary,  as  is  the  French  method  of  purifying  saltpetre, 
the  smallest  possible  crystals  arc  formed  by  c^nataot  stirring  and  rapid  cooling  of  the 
hot  solution,  because  large  crj'stjila  of  this  salt  contain  a  greater  quantity  of  mechani- 
cally includod  mother-liquor,  which  cannot  be  removed  by  wiishiiig. 

It  has  already  been  stated  that  the  crystalline  form  of  a  body  bears  an  essential 
relation  to  its  nature  and  composition.  Accordingly  we  find  that  every  substance 
crystallisett  either  in  on«  single  form  or  in  a  nnmber  of  forms  related  to  each  otber  by 
simple  laws  and  deriTabl©  one  from  the  other ;  in  other  worda  belonging  to  the  same 
crystalline  system  (see  CRYaTAi.ix>OR.iPn[T).  Many  bodies,  however,  both  simple  and 
compound,  crystallise  in  two  or  more  forms  belonging  to  different  crystalline  syetems, 
and  not  derivable  one  from  the  other-  such  bodies  are  said  to  be  dimorphoua,  tri- 
m  o  r  p  h  o  u  8,  or  rc n  erally  polymorphous.     ( See  Di  m oupuism.  ) 

On  the  other  hand,  different  sulwtivnceiH  often  crystallLse  in  forms  either  identical  or 
pithibiting  only  small  differences  in  the  inclinationa  of  4he  corresponding  plane?;. 
When  the  formn  are  exactly  similar,  the  Bubstanccs  are  said  to  be  isomorpbous, 
when  small  difFerences  in  the  angles  exist,  they  are  called  homceotnorphou«. 
I^omorphous  or  homceomorphous  compounds  exhibit  jwrfect  simihirity  of  chemical 
composition  :  thus,  the  alum.^,  which  crystallise  in  regular  octahedrons  and  allied  forms 

are.all  eomposetl  according  to  the  general  fonnula  /my^f  2S0*  +12  aq.,  where  M  de- 

note.4  a  raonatomie  metal,  like  potassium,  and  R  a  scsquiatomic  metal,  like  aluminium  ; 
the  magnesian  double  sidphates,  which  crystallise homoeomorphously  in  the  monoclinic 
evKtem,  are  all  composed  analogously  to  sulphate  of  mogue^iura  and  potiWiiium 
(K3f g:)SO*  +  3  nq.  Isomorphous  salts  are  capable  of  eiystallking  together  in  any  pro- 
portion ;  in  other  words,  the  isomorphotis  elements  which  enter  into  them  are  capable  of 

replaciugoneanotherin  any  proportion;  thus^  common  alum  >..(.,„  f2S0*  +  12  aq*  and 
{ 230^  -f  12  aq.^  c&n  dyatallijie  together  in  all  proportions  \  hence  it 


iron^alum, 


K 

CFe*)'  J 
is  diffit^ult  to  purify  common  alum  from  iron  by  crystalliaatiou, 


(See  IsoMORi>m5M.) 


CSTSTiiX^OOSAPair  is  the  science  which  treats  of  the  external  forms  of 
eryat&]«*  and  of  the  laws  of  symmetry  according  to  which  their  faces  are  disposed. 

Ctyatiils  iire  bounded  by  plane  faces.  The  straight  line  in  which  two  contiguous 
faces  intersect  is  called  an  edge;  the  point  in  which  three  or  more  faces'  intersect  is 
called  an  angle,  solid  angle,  or  summit  of  the  crystaJ* 

01iiill»r  And  DfaaliQllttr  Sotmdftrles*  Similar  faces  of  a  crystal  are 
those  which  resemble  eiteh  other  in  form  and  in  relative  position  j  di.«isimilHr,  those 
which  differ  in  either  rewpect.  Similar  edges  are  those  which  are  formed  by 
similitrly  situated  faces  meeting  at  equal  angles.  Similar  angles  or  summits  are 
those  whicli  are  formed  by  the  concurrence  of  similar  facca  and  edges;  angles  are  silso  dis- 
tingtiiahed  as  three-faced,  four-faced,  &c.,  according  to  the  number  of  faces  by  which 
they  are  formed.  The  regular  octahedron  {fy,  149),  and  the  cuh<^  {Juf.  160),  have  all 
their  faces,  edges  and  angles  sitnilar;  the  rhombiedoclecahedron  {fig,  151)  haa  all  its  fneea 
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Fig,  H9. 


Fig,  150. 
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ind  edges  similar ;  but  its  solid  angles  are  of  two  kinds,  viz.  eight  3-faced  and  six 
4-£Dced  angles.     The  square  prism  with  pyramidal  summits  {fig,  152)  has  dissimilar 


Fig.  151. 


Fig,  152. 
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&ces.  triangular  and  rectangular;  dissimilar  edges,  \vl.  1,  those  formed  by  the  inter- 
Mvtion  of  two  triangular  faices ;  2,  those  formed  by  two  rectangular  faces ;  and  3, 
tbiise  form<Ki  by  a  triangular  and  a  rectangular  face ;  and  diK.siniilar  angles  or  sum- 
mits, yiz.  two  at  the  extremities  of  the  vertical  axis,  formed  by  the  concurrence  of 
four  similar  triangular  faces ;  and  eight  others,  also  four-faceil,  but  formed  by  the  inter- 
section of  dissimilar  faces  and  edges.  Angles  are  also  spokon  of  as  equal-  or  un- 
equal-edged, according  as  the  edges  which  meet  in  thmi  are  similar  or  dissimilar. 
An  anequal>edged  angle  may  ahto  be  symmetrical  or  unsymmetrical,  according 
a?*  the  dissimilar  edges  which  form  it  follow  one  another  in  regular  order  or  not.  The 
f  >ur-vdged  angles  of  the  double  six-sideil  pyramid  {fig.  153)  are  s^-mmetrical,  but 
thoso  of  the  six-sided  prism  with  pyramidal  summits  {fig.  151)  are  unsymmetricai. 


Ua^to  MiA  Ctomptos  twmm  (OomMnatlotis^  Simple  forms  are  those 
vhiefa  contain  only  similar  fiices,  §,g,  the  regular  octahedron,  cube,  and  rhombic  do- 
deadisdroii(/h^.  149,  150,  161).    Complex  forms,  or  combinations,  are  those  in 
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wkich  disflimilar  feofii  oeenr  (f.o.  figs.  162,  154).  A  combination  is  made  ap  of  tho«© 
aimple  forms  which  would  rtasuft  from  the  eitenaion  of  one  set  of  similar  fki*  till  tho 
Others  disappeArj  thus  {fi^g,  165)  is  ft  combination  of  the  octahedron  O,  and  tho 
rhombif.*  doaecahedroB  »0-  If  we  stippoeo  the  0-facea  to  be  extended  till  they  meet, 
the  OB  0-faceft  will  disappear  and  the  oefahedroii  {Jiif.  149)  will  reetdt;  con  verily  tho 
extension  of  tho  faces  ccD  to  tho  obliteration  of  the  others  produc^i'S  the  dodecahednin 

The  relation  of  a  complex  form  to  the  simple  forms  of  which  it  is  made  tip  may 
ahso  be  represented  a&  follows  :  —  Siipppose  two  or  more  simple  forms,  a»  the  cube  and 
octahedron  (j^*.  166,  157),  to  be  constructed  round  a  common  centre,  and  of  such 


dimenBionfi,  that  certain  pirta  of  each  oimple  form  »hall  project  beyond  the  limits  of 
the  other,  then  the  combination  (represented  by  tbe  shmled  portion  of  the  flpires) 
occupies  tbsit  portion  of  space  which  lb  common  to  both  the  simple  forms ;  tho^e  por- 
tions of  each  bein|i  eiclnde«l,  wbich  project  bt^yond  the  space  enclosed  by  the  other. 

lu  any  combination  of  simple  forms,  tho  one  whose  faces  are  most  developed,  and 
consequently  determine  the  general  aspect  of  the  crystal  m  eallod  the  dominant 
form;  thus  in  the  combination  alcove  Tepresented,  the  dominant  form  itfj^.  16G  is  the 
octahedron  and  infy.  167  the  cube.  The  other  (subordinate  or  eecondary)  faees 
are  described  aeoording  to  the  munner  in  whieh  they  aro  related  to  the  dominant  fac«8. 

The  secondary  faces  of  a  crystal  may  repkice  either  the  edges  or  the  angles  of  the 
dominant  form.  If  an  edge  i»  replaced  by  a  face  which  mokes  equal  angles  with  tho  two 
coutiguoiii*  facesof  the  ciy^tal^  it  i<*  said  to  be  sym  metric  ally  or  perpendicularly 
truncated;  if,  on  the  other  hand,  the  secondary  face  is  une<^ually  inclined  to  the  two 
faces,  whiclj  would  form  the  edge  of  the  crystal^  the  edge  in  j*aid  to  V»o  obi  iqn  ely  trun- 
cated. The  cube  in  ft/.  158  has  it*  edges  j>er|^H^ndieiilarly,  that  in  Jit/.  IdO  ba«  them 
obliquely  traucoted.  If  an  edge  of  the  dominant  form  ia  replaced  by  two  sinular 
faces,  as  in  tho  ctibc  {^y.  160)  it  is  said  to  be  bevelled.  In  like  manner,  a  solid  anglo 
or  summit  of  a  crystal  is  said  to  be  symmetrically  or  perpendicularly  truu* 


Fiij.  UB. 


Fit?.  159. 


/"^^ 


cated  when  it  is  replaced  by  a  face  which  is  equally  inclined  to  all  tho  faces  compo* 
sing  the  solid  angle  ;  obliquely  tru  n cated  when  the  trnnci%ting  face  is  unequally 
inclined  to  those  faces.  Fitf.  161  is  an  octahedron  with  tho  summits  symmetrically 
truncated,  Fitf.  162  an  oblique  rhombic  prism,  in  which  the  solid  angle  to  the  right 
almre  is  obliquely  truncated  by  tho  face  +  P  ao,  which  is  unequally  inclined  to  the 
faces  ODp  and  oP. 

The  fkce  which  replaces  the  solid  angle  is  said  to  be  set  (or  to  rest)  symmetrically 
or  perpendicularly  on  an  edge,  when  it  is  equally  inclined  to  the  two  facea  forming 
the  edge  ;  obliq  uely  in  the  contrary  case  ;  in^^.  16:2  the  truncating  face  •h  F  as  is  set 
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symmetrically  or  perpendicularly  on  the  prismatic  edge  to  the  right,  obliquely  on  the  edge 
between  oP  and  ooP  to  the  right  in  front.  The  face  replacing  the  solid  angle  is  said 
to  be  set  (or  to  rest)  symmetricallv  on  a  &ce  of  the  pig^  xq2. 

crystal,  when  the  plane  angles  which  it  makes  with  this  *      — 

fauce  at  the  combmation-edge  are  equal,  obliquely  if 
they  are  unequal;  thus,  in  fy.  162,  the  face  -i-  Pc» 
is  set  symmetrically  on  the  face  oP,  but  obliquely  on 
the  &ce  ooP  to  the  right  in  front 

A  solid  angle  replaced  by  a  number  of  faces  which 
together  make  a  more  obtuse  solid  angle,  is  said  to 
be  acuminated.    The  number  of  the  acumination- 

Fig.  163. 


AJ 


faces  may  be  equal  to,  or  hal^  or  double  of  that  of  the  original  faces  of  the  summit 
Thus  the  solid  angles  of  the  cube,  which  are  three-faced,  may  be  acuminated  with 
three  faces,  bb  in  jfia.  163, 

or  with  sijc.  as  in  ^.  164.  ^^-  ^^^'  ^9-  166. 

The  six-faced  summits  oifig, 
165,  which  is  a  formof  calc- 
spar  (L  722),  are  sometimes 
replaced  by  three-faced  sum- 
mits, as  in  fig.  166. 

In  prismatic  crystals,  t.^. 
such  as  are  extended  princi- 
pally in  one  direction,  the 
terms  bevdUng  and  acumina' 
turn  are  used  to  describe  the 
conformation  of  the  extre- 
mities. Fig.  167  is  a  six- 
sided  prism,  acuminated  at 
each  end  by  six  isosceles 
trianffles,  P,  resting  s^me- 
tricaSy  on  the  prismatic 
&ce8.  Fig,  168  is  a  quadratic 
prism  acuminated  with  rhom- 
bic faces,  P,  resting  symme- 
trically on  the  prismatic 
edffee.  Fig,  169  is  a  rhombic 
pnsm,  whose  extremities  are 
Wrellad  bj  MangoUr  fiioef  r  oo,  resting  qrmmetrically  on  the  acute  prismatic  edges* 
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Fig.  lez.  i^y.  16Bw  Fig,  169. 


In  fdJ  perfectly  developed  cryiitdJa  ( witli  a  few  cxcpptionfl^  to  h&  afterwarda 
considered  as  cu^es  of  heuiihedr)')^  every  fncQ^  ^clgie^  or  soinmit  on  one  side  or  ex- 
tremity,  Uaa  ao  equal  and  Biruilar  face,  edge,  or  Bummit  oppoaite  to  it  at  the  other 
Bide  OP  extremity  of  the  cryetal,  and  if  the  opponte  Batimiits,  or  the  middle  points 
of  Dppobiie  edges  or  faceii  *  be  joined  hy  etraight  linou*  all  lioe*  m  drawn  wiE  croaa 
one  another  in  a  Jiinfle  point  ealled  the  eentre  of  the  crj'utaL  Lines  drawn  through 
thin  point  and  in  to/St  directionB  that  the  faces  of  the  crj'stal  aie  symmetrically  dis- 
poser with  Tespeet  to  them,  are  called  Axes. 

Similar  axes  are  those  which  terminate  in  similar  parts  of  the  crystals;  dissimilar 
ttxeSi  sneh  as  terminate  in  di^aimilar  parts.  In  the  regular  octahedron  (fy,  170), 
in  which  all  the  snmmita  are  similar,  the  three  axes  xjc*.  ^  ^\  e  r,  joining  thoaa 
■nmmita,  are  likewise  similar.  In  tho  double  six-sided  pyramid  ( fy.  171),  the  horizontal 
axes  which  join  the  opposite  four-faced  Hninmitfi  are  similsr  io  each  other^  but  dis« 
similar  to  the  vertical  axis. 

Fig,  171. 


Volj-axlal  mud  Mono-axial  Forms.  Poly  axial  fbrms  oi^  those  in  which  no 
single  axiij  can  be  drawn  dissimilar  to  all  the  rest,  e.g.  m  the  cul>e  and  regalar  octahe* 
dron.  Those  forma,  on  the  contrary,  in  whieh  one  or  more  axes  can  be  drawn  disnimilar 
to  all  the  rest,  are  called  mono-axial  If  only  one  each  singular  axis  can  l»e  drawn 
in  the  crystai  it  is  called  the  principal  sxis,  the  others  being  called  aes^ondar^  ; 
and  in  describing  the  crj"»tal*  it  is  generally  supposed  to  bo  placed  so  thst  the  prm* 
dpal  axis  is  directed  from  top  to  bottom  (vertically,  if  it  is  perpendicular  to  the  secon- 
dary axes).  If  two  or  more  axes  exiHt  dissimilar  to  all  the  rest^  neither  can  be  re- 
garded absolutjely  an  the  princijml,  hut  it  is  uflual,  for  conTeniencc,  to  consider  one  of 
them  as  such,  generally  the  one  in  whose  direction  the  crystal  is  most  elongated.  Such 
an  axis  is  called  u  relative  principal  axis. 

In  monoaxial  forms,  the  edges  and  summits  through  which  the  principal  axis  passes 
are  called  terminal,  the  othera  lateral;  thns,  mfig.  171|  the  summits  A  A,  and  the 


*  Th«  mkldls  Msint  oti  plane  wrr^oe  \g  tlie  ■anie'  aK  Ui  centre  of  (^rarity;  thai,  in  a  triftnglei  It  !«  th* 
point  of  InterteclUK]  oftlie  itr«isliit  Hum  drairn  from  ibe  angltti  to  tho  c«Dirc«  of  the  o|?|KMltci  ildet. 
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edges  A  B,  &c.,  are  terminal ;  the  summits  B  and  the  edges  B  B,  which  join  them, 
are  lateral.     In  polyaxial  forms  this  distinction  docs  not  exist. 

Mode  of  deserlbliiff  Simple  Cry-stallliie  fomui.  The  form  of  a  crystal  is  de- 
termined by  the  position  of  its  &ces  with  regard  to  certain  axes  given  in  position.  Sup- 
pose, for  example,  that  the  crystal  is  symmetrical  with  regard  to  three  axes  crossing 
one  another  at  right  angles,  and  passing  through  the  same  point,  viz.  the  centre  of  the 
crystal  (p.  120);  then  the  position  of  each  face  of  the  crystals  will  bo  given  by  the 
distance  from  the  centre  at  which  it  meets  the  three  axes  ;  and  as  all  the  faces  of  a 
rimple  form  are  similar,  and  similarly  situated  with  regard  to  the  axes,  the  position  of 
thin  one  face  will  determine  the  entire  form.  Thus,  if  each  face  of  the  crystal  meets  the 
three  axes  at  equal  distances  from  the  centre,  wo  KhaU  have  a  figure  bounded  by  eight 
equal  equilateral  triangles,  viz.  the  regular  octahedron  {Jig.  170);  and  if  the  distance 
at  which  the  faces  cut  the  axes  be  called  a,  such  a  figure  may  be  denoted  by  the  for- 
muLi,  a  '.  a:  a.  A  face  which  cuts  two  axes  at  equal  distances  from  the  centre,  and 
the  third  at  n  times  that  distance,  will  in  like  manner  be  denoted  hy  a  :  a  '.  n  a.  If 
the  number  n  be  infinite,  the  face  in  question  will  be  parallel  to  one  of  the  axes  (in 
other  words,  will  not  intersect  it  at  any  finite  distance),  and  the  formula  will  become 
a:  a-.  CO  a,    A  face  parallel  to  two  axes  is  denoted  by  a  :  oo  a  :  oo  a. 

Zones.  A  number  of  faces  of  a  crystal  parallel  to  either  of  the  axes  are  said  to 
form  a  zone,  or  to  lie  in  the  same  zone;  thus  the  cube  {fig.  160)  has  four  faces 
parallel  to  each  of  the  axes  passing  through  the  middle  pointa  of  its  sides ;  so 
likewise  each  axis  of  the  regular  octahedron,  loining  the  centres  of  the  opposite  edges, 
has  a  zone  of  four  faces  parallel  to  it ;  the  six  prismatic  faces  of  the  ordinary  form 
of  rook-crystal  {fig.  154),  form  a  zone  parallel  to  the  vertical  axis.  The  faces  of  a 
zone  cut  one  another  in  edges  parallel  to  each  other,  and  to  the  axis  of  the  zone. 

Bolobedral  and  Bemlbedral  forms.  A  simple  form,  bounded  by  the  greatest 
number  of  similar  faces  that  can  be  arranged  in  different  directions  round  the  com- 
mon centre,  is  called  aholohedral  (fully  developed)  form;  thus,  the  greatest  num- 
ber of  fi&ces  that  can  meet  three  rectangular  axes  at  equal  distances  from  the  point  of 
intt-rsection  is  eight,  the  resulting  figure  being  the  regular  octahe(bon  {fig.  170),  which 
is  therefore  a  holohedral  form ;  but  four  such  faces  are  suificient  to  form  a  closed  figure, 
viz.  the  regular  tetrahedron  {fig.  190).  Such  a  form,  enclosed  by  only  half  the  num- 
ber of  faces  that  might  be  drawn  round  the  centre,  according  to  the  law  which  deter- 
mines their  position,  is  called  ahemihedralform  (half-developed).  Simple  forms 
iLso  occur,  containing  only  one-fourth  of  the  number  of  faces  that  might  exist  accord- 
ing to  the  given  law  of  symmetry ;  such  forms  are  called  tetartohedraL 

Simple  Crystals  and  Twin  Crystals.  Holohedral  crystals,  whose  faces  are  all 
lymmetricaUy  disposed  about  a  single  system  of  axes  are  called  simple  crystals  (an 
expression  not  to  be  confounded  with  simple,  form).  Ciystals  are,  however,  frequently 
met  with,  the  opposite  sides  of  which  are  symmetrically  disposed  round  different  sys- 
tems of  axes.  Such  crystals  are  called  twins  (also  m  acl  e  s) :  they  may  be  regarded  as 
ag^rt^tes  of  two  simple  crystals,  having  their  axes  more  or  less  inclined  to  each  other, 

CrjstaUocrapblo  Sjrstems.  The  number  of  crystalline  forms  occurring  in  na- 
tur»-  and  produced  by  artificial  processes,  is  so  large,  that  some  mode  of  classiiying  them 
iii  alisolutely  necessary.  All  systems  of  classification  are  founded  on  the  symmetrical 
dorelopmeut  of  crystals  with  regard  to  certain  axes. 

The  form  of  any  solid  whatever  may  be  determined  by  referring  it  to  three  recti- 
lineal axes  intersecting  one  another  in  a  single  point :  and  with  regard  to  crystals,  ob- 
•ervation  shows  that  some  are  symmetrically  developed  about  three  axes  intersecting 
one  another  at  right  angles ;  others,  with  respect  to  axes  more  or  less  obliquely  in- 
clined to  each  other :  the  former  are  called  orthometric,  the  latter  clinometric 
forms.  Of  the  orthometric  forms,  some  are  equally  developed  in  the  direction  of  all 
thr*?e  axes,  others  equaDy  in  two  only,  others  unequally  in  all  tliree.  Some  forms 
(the  hexagonal)  are  more  conveniently  referred  to  a  system  of  four  axes.  On  these 
different  modes  of  development  are  founded  the  following  seven  crystallographic  systems : 

L  The  Monometric  or  Regular  system,  the  forms  of  which  are  symmetrically 
disposed  about  three  rectangular  axes,  all  of  equal  length. 

n.  The  Dimetric  or  Quadratic  system,  the  forms  of  which  are  symmetric  about 
thn-e  rectangular  axes,  two  of  equal,  the  third  of  different  length. 

III.  The  Hexagonal  system,  the  forms  of  which  jire  symmetric  about  four  axes, 
thre<»  of  which  are  of  equal  length,  situated  in  the  same  plane,  and  inclined  to  one 
another  at  angles  of  60°,  while  the  fourth  is  of  different  length  and  at  right  angles 
to  the  plane  of  the  other  three. 

IV.  The  Trimetric  or  Rhombic  system,  including  the  forms  which  are  symmetric 
about  three  rectangular  axes  of  unequal  length. 
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V.  The  Monoclinic  syst^m^  including  the  formn  which  ore  njtq metric  about  three 
axcfl,  two  ftt  right  angles  to  each  other*  the  tliird  (the  principal  axis),  ppTpendicular  to 
one  of  them  and  obUq^oe  to  tJie  other. 

VI.  The  Diclinic  Byitem,  including  forms  which  nre  eymmetric  about  three  oxe^ 
twt)  of  which  are  at  right  angles  to  each  other*  and  the  third  oblique  to  tMith. 

YIl.  The  Triclinic  ay  stem,  indading  forms  Bymmetric  about  three  axes,  all 
oblique  to  each  other. 

The  fint  system  compri^e^  the  polyaxial  fbrms ;  the  second  and  third,  forraiS  with 
alisolute  principal  axis  ;  the  othens^  the  mono-axial  fornis  with  relative  principal  axis. 

Forma  belonging  to  the  same  crystallographic  «y»tcm  are  related  to  each  other  by 
Bcveral  uatnral  affinities. 

1.  It  141  only  the  simple  forma  of  the  same  iysittn,  that  can  combine  utto  a  c€^mphx 
form. — For  in  all  fiilly  developed  (holohedral)  natural  ciyEtalB>  it  is  ftmnd  that  all  the 
fiimilnr  parts,  if  modified  at  all,  are  modiiied  in  an  exactly  Bimilitr  manner  (in  liemi- 
hedral  formK,  half  the  similar  edges  and  angles  alternately  situated  are  similarly  mo- 
dified). Now  this  can  be  the  case  only  when  the  dominant  form  and  the  modifying 
ibrm  are  develop<?d  according  to  the  same  law  of  8ymlnet^J^  Thus,  if  a  cul>a  and  a 
regular  octdhedix)n  arc  developed  round  the  same  system  of  axes  (as  in  fys.  156,  157), 
each  summit  of  the  cub©  iB  cnt  off  to  the  same  extent  by  a  face  of  the  octahedron, 
or  vtcf  vcrsS.  But  a  cube  could  never  combine  in  this  manner  with  n  rhombic  octa- 
ht^dron,  because  it  would  be  impoesible  to  place  the  two  forms  in  such  a  manner  that 
similar  part«  of  the  one  ahould  throughout  replace  similar  parts  of  the  other. 

2.  Crysialjt  bd&nging  to  the  mme  syHfm  are  iniimaidif  related  in  their  opiictil 
properiueu—CijBiim  belonging  to  the  regtdar  system  (as  the  diamond,  alum,  rock-*iult, 
&c\  refract  li^ht  in  the  some  manner  as  amorphons  bodies  ;  that  is  to  sayj  they  hare 
but  one  rpfractire  index^  and  a  my  of  light  passing  through  them  in  any  direction  is 
refracted  singly.  But  all  other  crj'stals  refiroct  doubly,  that  is  to  say,  a  ray  of  light 
passing  throng  them  (ejccept  in  certain  directions)  is  split  into  two  rays,  the  one 
called  the  ordinary  ray,  being  refracted  as  it  wonld  be  by  an  amoiphous  body,  the 
other,  called  the  t^traordinary  ray,  being  refracted  accorJing  to  peculiar  and  more 
complex  laws  (see  Liqut),  Now  the  crystals  of  the  dimetric  and  hexagonal 
f^stemj  (those  with  an  absolute  principal  axis)  resemble  each  other  in  this  respect^ 
toat  in  all  of  them  there  is  one  direction,  called  the  optic  axis,  or  axis  of  double 
refraction  (coinciding  with  the  principal  crystallographic  axis),  along  which  a  ray  of 
light  is  refracted  singly,  while  in  all  other  directioim  it  is  refracted  doubly ;  whereas 
in  crystals  belonging  to  the  other  systems,  viz.  the  trimetric  and  the  three  clinometric 
(pystems,  there  are  always  two  directionH  or  axes,  along  which  a  ray  is  singly  refracted. 

3.  Cri/«tal»  Momjing  to  the  same  s^sirm  rtJtemhlr  each  other  in  iileir  modt  of  con- 
ducthfff  h^nt. — Amorphous  bodies  and  crystals  of  the  regular  system  conduct  heat 
equally  in  all  directions,  so  that,  supposing  a  centre  of  heat  to  exiat  within  such  a  Ixidy, 
the  isothermal  surfaces  will  be  spheres.  But  crystals  of  the  dimetric  and  hexagonal 
systems  conduct  equally,  only  in  dlrectiona  pemendicnlar  to  the  principal  axis,  so  that 
in  such  crjrstala  the  isothermal  surfaces  are  ellipsoids  of  revolution  round  that  axis ; 
and  crj'stals  belonging  to  either  of  the  four  otiier  systema  conduct  unequally  in  aU 
directions,  so  tliat  in  them  the  isothermal  fiurfoces  are  ellipsoids  with  three  unequal 
axes.     (See  II eat.) 

ICon o 111 « trio    or  SefvlftT  ayBtein* 

T^'^stfinr^  Isometrie^  or  Cubic  System, — All  forms  of  this  pystcm  are  similarly  and 
equally  developed  in  three  directions  at  rieht  angles  to  each  other ;  in  other  wortls, 
they  are  symmetrical  al>ont  three  rectangular  axes  meeting  in  a  common  eentre.  The 
position  of  each  face  is  determined  by  the  distances  tram  the  centre  at  which  it 
meets  the  three  axes  (p,  121.)  the  following  being  all  the  cases  that  can  occur :  — 

A  1.  EiwJi  face  (extended  if  necessajy)  meets  all  three  axes  at  eqiial  distances  from 
the  centre :  the  formula  of  such  a  face  is  «  :  a  :  a. 

B.  Each  face  meets  two  of  the  axes  at  equal  distances  from  the  centre,  and  tiio  third 

at  A  different  distancei : 

2.  Each  face  meets  two  of  the  axes  at  an  infinite  distimce  from  the  centre  (i.  t*  it 
is  parallel  to  these  two  axes),  and  the  third  at  a  finite  distance.  Formula 
a  :  oa  ^  :  00  a. 

3.  Or  two  axes  at  equal  and  finito  distances,  the  third  at  an  infinite  distance, 
a  :  a  t  OB  a, 

i.  Or  two  axes  at  equal  and  finite  distances  from  the  centre,  the  third  also  at  a 

finite  but  less  distance.     Formula  a  \  ma  \  via  [m  >  l], 
5.  Or  two  axes  at  equal  aud  finite  dii^tances,  the  third  at  a  greater  distance. 

Formula  a  i  a:  w  «  [wt>  1]. 

C.  Bach  face  ctits  the  tliree  axea  at  different  distances  from  the  centre : 
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6.  Two  axes  at  finite,  the  third  at  an  infinite  distance,  a:  ma:  co  a. 

7.  All  three  at  finite  distances,  aim  a:  n  a. 

We  now  proceed  to  determine  the  forms  giyen  bj  these  several  conditions. 

1.  The  form  in  which  each  face  meets  all  the  three  axes,  xx,  yy,  rr,  at  equal  distances, 
a,  fiom  the  centre  is  eridentljr  bounded  b^  eight  equilateral  triangles.  This  form  is 
the  regular  octahedron  {fy.  172).  It  has  twelve  equal  edges,  in  which  the  faces 
meet  each  other  at  angles  of  109°  28',  and  six  equal  four-faced  solid  angles  or  summits, 
through  which  the- axes  pass.  A  summit  thus  situated,  in  any  form  of  the  regular 
system,  is  called  an  octahedral  summit;  where  such  summits  occur,  they  are  always 
nx  in  number. 

The  ciystallographic  formula  of  the  regular  octahedron  is  a  :  a  :  a,  usually  abbre- 
viatod  into  the  symbol  O. 

The  regular  octahedron  is  the  form  of  many  crystals,  both  natural  and  artificial ; 
e.g.  red  copper  ore,  magnetic  iron  ore,  alum,  chromc-alura,  sal-ammoniac  crystal- 
liaed  from  its  aqueous  solution,  chloride  of  sodium  from  a  solution  containing  urea,  &c 
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2.  The  simple  form  a  :  oo  a  :  oo  a,  or  c»  O  oo,  in  which  each  face  meets  one  axis  at 
the  finite  distance  a,  and  is  parallel  to  the  other  two,  is  evidently  the  cube  or  hexa- 
hedron (fig,  173),  bounded  by  six  equal  faces,  intersecting  one  another  at  right  angles, 
and  each  having  the  form  of  a  square.  It  has  twelve  eqaal  edges  meeting  one  another 
at  right  angles,  and  ei^ht  three-faced,  equal-edged,  solid  angles  or  summits,  situated  in 
each  octant  at  equal  distances  from  the  three  axes.  iSummits  so  situated  are  called 
hexahedral  or  cubic;  in  holohcdral  crystals  they  are  always  present  to  the  number 
of  eight,  if  at  all. 

Cubic  forms  are  frequently  exhibited  by  bismuth,  chloride  of  sodium,  iodide  and 
chloride  of  potassium,  sal-ammoniac  crystallised  from  a  solution  containing  urea;  also 
by  fiuor-spar,  galena,  and  other  minerals. 

The  cube  and  octahedron  aro  often  found  combined  together ;  the  one  or  the  other 
form  predominating,  according  to  the  relative  length 
of  their  axes  (Jigs.  166,  157,  p.  220).  If  the  axes 
of  the  cube  aro  less  than  half  as  long  as  those  of  the 
octahedron,  the  combination  is  a  modified  cube,  like 
that  in  Jig,  174.  If;  on  the  contrary,  the  axes  of  the 
rube  aro  moro  than  half  as  long  as  those  of  the  oc- 
tahedron, the  combination  is  a  modified  octahedron 
(Jig.  176).  If  the  axes  of  the  cube  aro  exactly  half 
as  long  as  those  of  the  octahedron,  the  faces  of  the 
two  forms  meet  only  in  points,  and  the  combination 
is  that  shown  in  Jig.  176,  called  the  middle 
crystal.  It  has  twelve  summits,  each  of  which 
is  situated  in  the  plane  between  two  of  the  axes, 
and  at  equal  distanceB  firom  them.  All  summits 
thus  situated  in  forms  of  the  rogular  system  aro  said  to  be  situated, 
of  the  middle  oystal." 

3.  The  formula  a :  a :  oo  d,  or  oo  0,  represents  a  solid,  each  of  whose  faces  meets  two  of 
the  axes  at  equal  distances,  a,  from  the  centre,  and  is  parallel  to  Uic  third ;  it  must 
thereforo  have  twelve  faces,  four  parallel  to  each  axis.  To  define  its  form  more  parti- 
cularly, draw  the  system  of  rectangular  axes  jp  j/,  y  y',  g  z\  meeting  in  C  ifig  77), 
and  set  o£f  on  them  the  points  x,x',  y,r/,  ^,^,  all  at  equal  distances  from  C.  Now  the 
face  passing  through  z  y,  and  parallel  to  x  x',  will  intersect  the  face  passing  through 
j'  y,  and  paraflel  to  «  y,  in  the  line  a/,  aim  parallel  to  x  j/.    Similarly  the  faces 


'  like  the  summits 
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parallel  to  yy*t  tnd  pftuuig  PospcctiTely  through  z  x,  s'  3c^  will  iDtersect  in  rf/  pftmllol 
to  ^  y,  and  the  linen  zf,  ^  f^  in  which  thoso  paim  of  faces  intersect,  form  two  edges 
of  the  crvBtaL  Extending  this  conatrnction  all  round  the  axes^  we  find  that  the  four 
fiKH*.s  Tii(*eting  in  r,  and  the  faiir  meeting  in  s*,  would,  if  extended  till  they  intersect, 
form  a  double  four-sided  pyramid,  ropresented  \nfy,  177  and  by  the  dotted  lines  in 
fig.  178*  But  there  are  si  ill  the  faces  ptiraJlul  io  z  ^  to  be  liiiivni.  One  of  thes^  faces 
passes  through  llio  line  x  y^  and  ita  p<j«itioa  may  be  determined  by  drawing  through 
the  middle  point  of  t  if  {fi^.  178),  a  lino  r  k,  parallel  to  z  r',  which  will  cut  the  e(ige 
c/o£  the  py  rain  id  in  its  middlo  point  /;  and  by  joining  this  point  with  the  poiata^r^y, 


Fiff,  177. 
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fre  obtain  two  edges  of  the  required  form,  /  x,  I  y.  A  similar  construction  carried  out 
in  the  other  parts  of  the  figure  finally  gives  the  t  h  o  m  hi  i?  d  o  d  e  c  ah  ed  ron  (also  called 
granatohedron).  It  has  twelve  rhombic  faces,  with  plane  angles  of  109'^  28'  and  70°  32', 
and  diagonals  in  the  ratio  of  1  :  V2.  The  cdgtffl  are  all  equaL  Tlie  summits  are 
fourteen  in  number,  six  4-faeed,  octahedral  summits,  A.(fy.  161),  formed  by  the  meet- 
ing of  the  acute  anglea  of  the  rhombuses,  and  eight  S-factnl  cubic  summitif,  B»  formed 
by  the  meeting  of  the  obtQM  edges  of  the  rhombuses.  The  dihedral  angles  formed 
hy  the  meeting  of  the  fiices  are  adl  w^ual  to  120°, 

The  dodecahedron  somettmea  occutb  alone  in  artificial  crystals,  more  irequently  in 
combination  ;  in  minerals  it  ia  moire  eommoo  as  a  simple  form,  as  in  garnet. 

The  three  forms  above  described,  the  regular  octahedron,  eube,  and  rbombic  dodeca- 
hedron are  unique  in  thetr  kind  ;  that  is  to  say,  all  indiTiduals  of  each  species  must 
be  exactly  similar  to  each  other ;  there  can  b©  no  Trariation  either  in  the  plane  angles 
or  in  the  inclination  of  the  faces.  This,  indeed,  is  sufficiently  evident  from  the  for- 
mnlfl?,  which  admit  of  no  Turiation,  and  from  the  mode  or  construction.  But  iti 
the  remaining  four  forma  of  the  regnlar  system,  the  formulsa  of  which  contain  nu- 
merical coefficients  iidmitting  of  v&rmtiona  in  maffnitnde,  this  constancy  of  sha|>e  no 
lonffer  exists ;  and  accordingly  we  shall  find  that  the  angles  vary  with  the  magnitude 
of  Uie  coefficients  in  the  formula. 

4-  The  formula  a  :  ma  :  mo^  or  m  0  m,  represents  a  solid,  each  of  whose  faces  m(«et^ 
one  axis  at  the  distance  a  from  the  eentro,  and  the  other  two  at  the  greater  distance  m  a. 
Draw  a  system  of  rectangular  axes  {fy.  179),  ajid,  taking  for  example  m  ^  %  mark  otT 
single  and  double  distances,  x,  lot,  &c,,  on  each  of  the  tlm^e  axes.  It  is  then  easy  to 
see  that  the  position  of  one  fuce  will  be  determined  by  a  plane  passing  through  the 
points  y,  2*,    2j;  a  second  through  y,  %s,  2^1  a  third  through  y,  2y  24:^  ♦;  and  a 

■  Thr<  poiaLi  m^,  ]^,  x\  *c.  (not  ihowa  In  the  lijgura)  Ate  tuptHiicd  to  be  ou  th*  t^rolonigalloni  of  lbs 
Uiicif  tC,  yC  xC,  u  In  the  precedbg^  figure. 
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fourth  through  y,  2*^,  2x ;  that  is  to  say,  there  will  be  four  faces  meeting  at  the  point  v 
and  in  like  mannep  there  will  be  four  faces  meeting  in  each  of  the  points  t  s^^v'  e  g* 
or  24  in   all,  three  in  each  octant  »     » J^»    »     » 

Further,  the  face  y,  2^,  1x^  will  meet 


^.  irs. 


the  face  y,  Iz^  2«',  in  the  line  y,  2xr, 
and  the  &ce  ^,  2y,  2x  will  meet  the 
iace  r,  2y,  lif  in  the  r,  2y,  meeting 
jr,  2^  in  the  point  e.  Thus  the  edges, 
cy,  cz^  situated  in  the  plane  y^, 
are  determined ;  and  a  similar  con- 
struction gives  the  edges  ax,  ay, 
and  b  X,  b  t.  Next,  to  find  the  in- 
tersections of  the  three  faces  in- 
cluded within  the  octant  x  y  e.  The 
face  r,  2x,  2y,  intersects  y,  2x,  2z  in 
the  line  e,  2x,  joining  ix  with  the 
intersection  of  r,  2y,  and  y,  2g ;  the 
face  jr,  2y,  2r,  meets  y,  2f  ,  2jr  in  the 
h'ne  dAwn  from  2jr  to  a,  the  inter-  /  ^} 
section  of  *,  2y,  and  y,2x;  and  jr,  ^J^" 
2y,  2?  meets  r,  2r,  2y  in  the  line 
drawn  from  2y  to  b,  the  intersection  of  x,  2r,  and  r,  2f .  This  construction  gives  the 
intersections  shown  bj  the  dark  lines  in  the  figure,  and  determines  the  form  and  posi- 
tion of  the  three  faces  in  the  octant  xys;  and  the  same  construction  repeated  in  the 
other  octants  gives  the  form  shown  in  Jigs.  180,  181,  which  is  called  theikosi-tetra- 
Fig.  180.  Fig.  181. 


hedron  (also  leucitohedron  and  trapezohedron).  It  is  bounded  by  24  deltoids  (qua- 
drilaterals haying  two  unequal  pairs  of  equal  sides),  and  has  26  summits,  which  are 
of  three  kinds ;  viz.  six  4-faced,  equal-edged,  octahedral  summits,  A ;  eight  3-faced, 
equal-edged,  cubic  summits,  B ;  and  twelve  4-faccd  ^mmctric  summits,  C,  situated 
like  the  summits  of  the  middle-ciystal  (p.  123).  It  has  also  48  edges,  which  are  of 
two  kinds,  riz.  24  longer,  A  C,  joining  the  octahedral  with  the  symmetric  summits, 
and  24  shorter,  B  C,  joining  the  cubic  with  the  symmetric  summits. 

The  ikofli-tetrahedron  is  the  intermediate  form  between  the  octahedron  and  the 
cube ;  for  m  —  1,  it  coincides  with  the  octahedron ;  for  7n  «  oo ,  with  the  cube.  The 
nearer  m  is  to  1,  the  more  do  the  three  faces  in  each  octant  fall  into  one  plane,  and  the 
more  nearly  m  »  oo,  the  more  do  the  four  faces  round  each  octahedral  summit,  A,  fall 
into  one  plane,  the  limit  giving  a  cube.  The  inclination  of  the  faces  to  one  another 
in  the  longer  and  shorter  edges  is :  — 

AC  .      BC 

In  2  O  2  1310  43'  HG^  27' 

,,303  144    54  129    31 

The  form  2  O  2  is  found  alone  in  leucite,  analcime,  and  other  minerals;  3  0  3  rarely,  in 
native  gold,  silver,  &c  In  artificial  crystals,  the  form  2  0  2  occurs  combined  in  chrome- 
alum  and  common  alum,  when  a  crystal  is  immersed  in  a  saturated  solution  mixed 
with  a  little  hydrochloric  acid  slightly  heated,  so  that  the  edges  may  be  dissolved  off, 
and  then  left  to  cooL 

6.  Formula  a  :  a  :  ma,  or  m  0,  each  face  meeting  two  axes  at  the  distance  a  from  the 
e<>ntre,  and  the  third  at  a  p^eater  distance,  m  a;  m  being  either  a  whole  number  or  a 
fraction  givater  than  I.  This  form,  like  the  preceding,  has  24  faces,  3  in  each  octant. 
A  eODStmetion  rimilar  to  the  preceding,  and  suificiently  indicated  by  the  fUll  and 
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dotted  lines  in  fig.  182,  bIiowh  tliat  the  solid  is  bounded  by  24  isosceles  tri&ngulsr  faces, 
nw\  Las  the  appcurance  of  an  oetah^^lron  with  triangnljur  pyramids  erecUnl  on  its  ftices^ 
This  fomi  ia  cjiLIlhI  the  triakis-octabedron  (alflo  pjmmidal  octahedron,  giJenoid). 
Fig.  183  shows  the  form  20* 

The  triakis-octrthedron  him  14  aummits,  six  of  which^  A,  aro  S-faced,  aytnmetric, 
and  ocUihedral^  and  eight  3 -faced,  iNgual  edged,  and  cubic,  B*  The  edj^es  arc  also 
of  two  kinds  ;  12  A  A,  joining  the  octahedral  summits  and  forming  the  hases  of  the 
iso®celett  triangles ;  and  24  A  B,  joining  the  octaliedral  and  cubic  smDmita^  and 
forming  the  e^jual  sides  of  the  triangles. 

The  triakis-octaliedron,  ai  (l\  ma,  is  the  interroediate  form  between  the  octahedron, 
a  :  a  \  etj  and  the  rbombuc  dodecah&droa,  a:  a  looa. 

The  plane  and  dihedral  angles  vary  with  the  value  of  mj  aa  in  the  following  ex- 
amples ;  -— 

10  20 

Plane  angles  at  vertex  of  isosceles  triangles  ,         .     llfi^  14'  ll&°  4* 

Plane  angles  at  base  of  triangles  .         .         »         .       30  23  30  58 

Dihetlml  aiiglea  A  A 129  31  lfl2  39 

Dihedml  angles  A  B 141     3  152  44 

6.  Fomjula  a  :  ma  :  oo  fl,  or  mO  oc,  eath  face  me*^tLng  two  of  tho  axes  at  un«|ua] 
distani^ei*  and  being  paralM  to  the  third.  To  determine  the  ntimh«  of  fkoc«  in  this 
form,  mark  off,  on  the  system  of  rectangular  axes  {fg.  184.  supposing  m  —2)  ftingle  and 
double  distances  on  e^ch  of  the  axes  measured  from  C.  Then  there  will  be  four  faces 
pafwing  through  the  point  1  y>  two  parallel  to  x  x\  tlirough  the  points  2  c  and  2  r',  and 
two  parallel  to  sif^  through  the  points  2  J,  2  a*';  and  since  the  crj-stn.!  is  equally  deve- 
lopeu  in  the  direction  of  ^  the  three  axes,  there  ntust  be  four  simihir  fiice^  meeting  in 


Fig.  134, 


Fig,  18fi. 


each  of  the  points  /,  *,  x',  *,  s^,  that  ta  to  say,  twenty-foni'  facoa  in  all  j  and  by  con- 
stmcting  each  octant   in  tlie  same  manner  as  for  the  preceding  foniiulffl^  the  form  is 
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fbnnd  to  be  a  solid  {fig,  186),  bounded  bj  24  isosceles  triangles,  having  14  summits, 
Tia.  four  4-£iiced  equal-edged  octahedral  summits,  A,  and  eight  6-£eu:Ml  sjrmmetric, 
cubic  summits  B.  It  has  36  edges,  12  longer,  B  B,  uniting  the  cubic  summits,  and 
24  shorter,  A  B,  joining  the  octahedral  with  the  cubic  summits.  This  figure  is  the 
tetrakis-hexanedron.  It  is  intermediate  between  the  dodecahedron  a  :  a  :  ooo, 
and  the  cube  a  :  oo  a  :  oo  a.  In  the  more  commonly  occurring  yarietieS)  the  plane  and 
dihedral  angles  are : 

20qo  30  00 

Plane  angle.  A,  at  vertex  of  isosceles  triangles  83^  38'  86°  59' 

Plane  angles,  B,  at  base  of  triangles        ...      48    11  46   30 

Dihedral  angles,  A  B 143     8  164     9 

Dihedral  angles,  BB 143     8  126  52 

The  form  20 oo  occurs  uncombined  in  native  gold  and  silver;  SOoo  in  fluor-spar. 
In  artificial  crystals  these  forms  occur  but  seldom,  and  then  only  subordinate  to  others, 
as  fur  example  in  sulphantimonate  of  sodium  (Schlijppe's  salt),  and  in  rock-salt  which 
has  been  exposed  to  moist  air.  Faces  having  the  disposition  of  this  form,  but  in  only 
half  the  full  number,  are  of  more  frequent  occurrence. 

7.  Formula  a :  ma :  na,  or  mOn.  Each  face  meets  the  three  axes  at  unequal  but  finite 
distances.  Such  a  form  must  have  48  faces ;  for  through  each  axial  extremity  2  faces 
can  be  drawn  in  each  of  the  four,  conti^ous  octants,  e,  g.  from  t  above,  one  face  pass- 
ing through  the  point  itia  or  dr  to  the  right,  and  fia  or  y  in  front,  and  another  through 
lui  or  jr  to  the  right,  and  7na  or  y  in  front ;  therefore,  4  x  2  ^  8  through  each  axial 
extremity,  and  6  x  8  »  48  in  alL 

To  determine  the  form  of  these  faces,  draw  the  system  of  axes  as  before,  and  taking 
as  an  example  the  form  1  :  J :  3,  or  §03,  mark  off  on  each  axis  {fig,  186),  both  ways,  the 
distances  1,  f,  and  3.  The  fiu!e  t'.^y.  3x,  forms  with  the  face  8\\if\  3x'(not  drawn 
in  the  figure),  an  edge  in  the  direction  «r,  |y.  The  same  face  r,  \^  :  Zx  intersects  the 
£Me  r,  3y,  |jr  in  the  direction  ro,  drawn  through  e  and  the  intersection  of  the  lines  Jy,  3x, 
and  3y,  \x ;  and  lastly,  it  intersects  the  face  y,  |^,  3jr,  in  the  direction  6,  3j:,  where  h 
is  the  point  of  intersection  of  the  lines  ^,  fy,  and  y,  \s.  The  face  thus  determined  is 
a  triangle,  and  in  like  manner  the  position  of  the  five  other  faces  in  the  octant,  xy  e^ 
may  be  determined.    The  result  extended  symmetrically  to  all  the  other  octants,  is  the 


Fig,  186. 


Fig.  187. 


^^j  Jiff ^i^LViia^^-sar 


form  represent^  in  fig.  187,  bounded  by  48  scalene  triangles.  This  figure  is  called 
the  Hexakisoctahedron  (also  Utrakonta-octahedron,  adamantdid^  &c).  It  has  26 
summits  of  three  kinds,  viz.  eight  6-faced  symmetrical  octahedral  summits  A,  through 
which  the  axes  pass ;  six  8-fiiced,  cubic  summits  B ;  and  twelve  A-fauc^A.  symmetric  sum- 
mits C,  situated  like  those  of  the  middle  crystal  (p.  123).  Its  edges  are  72  in  num- 
ber, and  likewise  of  three  kinds,  viz.  24  edges  A  C,  uniting  the  octahedral  with  the 
four-faced  summits ;  24  edges  B  C,  uniting  the  cubic  with  the  four-faced  summits, 
and  24  edges  A  B,  uniting  the  octahe<lral  with  the  cubic  summits. 

The  plane  and  dihedral  angles  of  the  figure  vary  with  the  magnitudes  of  m  and  n : 
for  the  most  commonly  occurring  forms  they  are  as  followsj 

Plane  angles  A  of  the  scalene  triangles 


*f 

B 

n 

0 

Dihedral 

angles 

AC 

ft 

BC 
AB        , 

30^ 
.     360  49' 

204 

390  48' 

.     56    15 

54    22 

.     86    56 

85    50 

.  149      0 

154    47 

.  158    13 

144      3 

.  158    13 

162    1« 
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The  form  204  often  occurs  very  predoTninatit  in  crjfftalii  of  flnor-spari  3D|  in  garnet. 
Diamonds  are  also  found  having  the  form  of  the  hextikis-oetaliedron,  but  with  cmnred 
faces,  fto  that  the  angles  cannot  be  accnrutely  raeatsured.  This  form  occnrs  but  rery 
raroly  in  artificial  crystals :  it  hiis,  however,  been  obiurred,  ihougli  very  subordinate,  in 
alnm  cryytidliHed  from  a  solution  coiiUiining  hjdn>cblorii:  acid. 

BenoUiedrftl  Tormm  of  tlio  Secular  Ssfstem.—  Snppoae  foor  altemato  fkces 
of  the  ooljibt  diviri  (^.  ISS\  vii.  iho.  right  front  n\mY*\  left  front  below,  left,  back  iiboTe, 
lind  right  ba<:k  t>elow,  to  ext4?nd  m  &n  partially  to  obliterate  the  foor  remaining  fiices ; 
a  form  will  be  produced  like  figure  189;  and  if  the  «it*>nsion  be  continued  till  the 
aitamate  fkcea  eomploteJj  disappear,  the  four-aided  pyramid  {Jiff.  190)  will  bo  pro- 

0 
duced,  called  tho  regular  tetrahedron,  and  denoted  bj  the  symbol -s-, 

Fig.  189. 


It  is  bounded  by  fonr  cqnDnteml  triangle,  baa  4  three-facpd  summits,  and  6  stmilar 
edges  in  wbicli  tbe  &C6S  are  inclined  at  anghs  of  70"^  32'.  The  aies  pjisa  through  tho 
middle  points  of  each  pair  of  opposite  edges. 


Fif/.  190. 


Fuj.  191. 


If  the  other  four  aides  of  the  octAhe<iron  iocpcase  instea*!  of  those  Above-mentioned, 
tlio  reiralt  wiU  be  tho  tetrahedron  »hown  in  ftgnro  191.  exactly  i^imilar  to  the  former 
bat  oppositely  litotitod     When  both  th^se  tetrahedrons  occur  together  in  tbe  aamo 

6rjst&If  fks  in  fy.  189,  one  of  them  is  distinguisbod  as  ^  —  the  other  as  —  ^ ;    when 

cither  occnrs  alono  tbe  sign  +  or  —  may  be  omittt»d. 

Tetrahednd  faces  ocouj  in  Schlippe's  ealt»  chlorate  of  sodium,  fahl-ore,  blende,  &c. 

The  cub©  and  rhombic  doJecjihedroi*  have  no  corresponding  hemihedral  forms. 
The  icosi-ti*tmhedron,  triakis-ootabedron,  tetrakis-hejtahedron,  and  hexakis-octa^ 
hedron  all  produce  hemihedral  forma  by  tln3  growth  of  their  alt<?mate  face« ;  but  the 
only  one  of  these  forms  that  it  ia  importtint  to  notice  ia  the  pentagonal  dodecahedron 
{Jiff.  192) produced  from  the  tctrakis-hL'Xiihe(b>m(jJ<7.  186,  p.  1*26)-  This  holohedral  form 
may  be  regarded  as  a  cul>e  on  esich  of  whose  six  faces  m  erected  a  fonr^sided  pyramid. 
Suppose  now  that  on  the  top  and  bottom  pyramids,  the  front  and  back  faces  grow, 
while  the  right  imd  left  diaappear ;  that  on  the  front  and  back  pyramids,  the  right  and 
left  faces  grow,  while  the  upper  and  lower  faces  disappear ;  and  that  on  the  right  and  left 
pyramids,  the  upper  and  lower  facets  grow^  while  the  right  and  left  disappear ;  the  result 

will  be  a  dodecahedron  whose  general  symbol  is  — — .    Fit},  192  reprenenta  -     — . 

If  the  other  alternate  faces  of  the  holobcdral  form  be  sapposcd  to  increase^  an  exactly 
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■imilar  dodecahedron  (fg,  193)  will  be  formed,  but  dififorentlj  situated ;  the^e  two 
fonna  may  be  distinguished  by  the  symbols  +  -5 and --— . 

The  pentagonal  dodecahedron  is  bounded  by  12  fiymmetric  pentagons,  each  haying 
four  of  its  sides  of  equal  length,  and  the  fifth  (the  base)  of  different  length.  It  has 
30  edges,  6  of  which,  £  E,  are  formed  by  the  meeting  of  the  faces  at  their  bases,  and 
24,  B  K  forming  the  equal  sides  of  the  pentagons.  The  summits  are  20  in  number,  12 
of  which,  £,  formed  by  the  meeting  of  a  basal  edge  E  E,  and  two  equal  edges  B  E,  are 
situated  in  the  planes  of  the  axes,  but  at  different  distances  therefrom,  and  8  others,  B, 
formed  by  the  meeting  of  three  equal  edges  of  the  pentagons  and  situated  like  the 
sommits  of  the  cube.  The  axes  pass  through  the  midcUe  points  of  each  pair  of 
opposite  basal  edges. 

The  pentagonal  dodecahedron  has  not  yet  been  obeeired  in  its  complete  form  in 
artificial  crystals;  among  minerals  it  is  especially  exhibited  by  iron-pyrites  and 
colialt-glance. 

Combinations  of  the  Blmplo  Forms  of  the  Monometrio  sjstem.  These 
combinations  are  vciy  numerous ;  we  shall  here  notice  some  of  the  most  important 
In  expressing  a  combination  symbolically,  the  symbol  of  the  dominant  form  is  usually 
vritten  first: 


Fig.  194. 


Fig,  195. 


Fig,  196. 


Fig,  197. 


1.  Cube  and  Octahedron  : 

O .  OD  O  OD  (fia.  194).    Alum,  chlorstannate  of  ammonium,  cobaIt-pyrite& 
o»0  OD  .  O  {fy,  196).     Chloride  of  zinc,  galena. 

O  and  ooOoo  equally  developed  (fy.  19G),  forming  the  "middle  ciystal" 
(p.  123).    Nitrate  of  lead. 
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rig.  198,  ^-  IW- 


Y — ^ 


W 


a>0  A 


i^.  200. 


J\^.  202. 


FHj  201. 


Fi^.  203. 


la.  Cube  and  Tetrahedron: 

^  .  ooO  00  {fig,  197).    Boracite. 

a»  0  00  .  7  ( j^.  198).    Boracito,  Cabe-ore. 

2.  Dodecahedron  and  Octahedron: 

O  .  ooO  (^.  199).    Alum  and  red  copper-ore. 
ooO  .  0  (Jiff.  200).    liagnetic  iron-ore. 

2a.  Dodecahedron  and  Tetrahedron: 

^.  ooO  (fiff,  203).    Sodio-nranic  acetate.  Fahl-ore. 

8.  Dodecahedron  arid  Cube: 

ooO  .  00  O  00  (^.  201).     Garnet  (rarely). 

ooO  00  .  ooO  {fiff,  202).    Alum,  crystallised  from  solution  containing  tree  alkali ; 

chloride  of  potassium  from  solation  containing  mercnric  chbride,  frequently ; 

flnor-spar  rarely. 
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(^^^P\ 


E*^ 


i^.206. 


Fig.  207. 


coO« 


AJ 


Fig.  208. 


j^^.  209. 


4.  Dodecahedron^  Cube  and  Octahedron: 

O  .  00  O  00  .  ooO  {fig.  204),  in  wliich,  however,  the  O-faees  do  not  predominate 
very  mnch  ;  occurs  commonly  in  alum. 

oo  O  00  .  O  .  00  O  {fia,  206);  fifeqaently  in  alum  from  solution  containing  free 
alkali ;  also  in  chloride  of  sodium  from  solution  containing  chloride  of  bis- 
muth. 

4<z.  Dodecahedron^  Cube  and  Tetrahedron: 

These  combinations,  which  occur  in  Boradte,  are  simOar  to  those  of  the 
dodecahedron,  cube,  and  octahedron,  excepting  that  only  four  octahedral  faces  are 
present  instead  of  eight 

6.  CombinationM  of  Icosi-tetrahedron : 
00  0.202(^.206).    Melanite. 
a>0  »  .  202  {fig.  207)u    Analcime. 

O  .  00  0  00  .  202  (jM.  208).    Alum  and  chrome-alum  (rarely), 
O  .  Q»  Ooo  .  OD  O  .  202  (fig.  209).    Alum. 

k2 
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Fig.  210.  Ftff.  211. 


PI     /^^\ 


J7 


Fig.  212. 


F^.  213. 


Fig.  214. 


f^l\ 


B,  Combinaiions  of  the  Tetrakii-kexake- 
dron  : 

OD  O  OD  ,  30  w>  {^.  210),  Fluor-spar.  A 
iiiniil»r  combination^  oa  0  oo  ,  20  ao,  is  pro- 
tluced  wlieci  cubes  of  rock-salt  are  expo«cd 
to  moifit  air. 

QoOoo.  +  (Jig.  211).      Iron    pyiitca. 


Oob^ltine. 
O,  c»Oo&  .  060.  202 
{;%r.212).     Alum. 


20  a 


20; 


7.  Combinations  of  the  Hexakis-oetahedron : 
O  .  30|  (^.  213).     Alum  f apparently). 
ooO  00  .  2d4  (fy.  2U).     Plaor-Bpar. 


SlinetTlc   or  ^nadratlo  System* 

Square  Prismaiic,  Pgramidal^  Tetragonal^  Monodimetric  System  {Zmd-  wtd  nnajeujts^ 
vierqtiedrigrs  System), 

dtyBtiila  belonging  to  this  system  are  symmetric  a)M>at  tbreo  rectangular  oxefl*  two 
of  ocjuul,  the  third  of  different  length  ;  and  may,  therefore,  be  so  placed  aa  to  appear 
<H|ually  <leveloped  in  t.MTo  borkontal  directions  at  right  anglrs  to  each  other  (Hii^ht  and 
h'ft.,  and  backwanis  and  forwards),  btit  difftirently  in  the  vertical  direction.  The  rer- 
ticxil  or  principal  axis  (p*  120)  will  be  denoted  by  c,  the  horizontal  or  fteeondaiy  ajces 
by  ii.  AH  sections  perpendicular  to  ths  pnudpol  axis  are  squares  or  figures  derived 
therefrom. 

In  tbii,  as  in  the  monometric  system,  the  most  general  form  is  one,  each  of  whowe 
&oes  (produced  if  necessary)  meets  tbo  three  axes  at  different  distances  from  tiio 
centre,  liet  these  distanees  be  a  and  na  for  the  secondary  axes  {n  beinp  a  mnltipUer 
either  gre!it4?r  or  less  than  unity),  and  c  for  the  principal  axis.  To  determine  the 
form,  draw  two  recLinppilar  axes  {fig.  215),  and  supposing,  for  example,  n  =  |,  set  off 
from  the  centre  the  distances  a  and  |  a,  and  join  each  ix>iut.  a  on  the  one  axis  with 
§a  on  the  other,  a«  shown  hy  the  dotted  lines  in  the  left  up|>er  qmidrant.  The  portinns 
of  ^ew  lines  contfdned  Iwtween  the  sevenil  points  a  and  the  intersections  of  these 
dotted  lines  mil  form  an  equilatejral  octagon  ;  and  if  fmm  each  of  the  angles  of  this 
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octaf^n  straight  lines  be  drawn  to  the  extremities  o  of  the  principal  axis  (perpen- 
dicular to  the  plane  of  the  i>aper),  the  planes  passing  through  these  lines  will  enclose 
a  double  eight-sided  pyramia  {/g.  216),  bounded  by  sixteen  scalene  triangles,  ABC, 
the  summits  B  being  situated  at  the  ends  of  the  horizontal  axes,  and  the  summits  C 
at  angular  distances  of  46^  therefirom.  This  figure  evidently  fulfils  the  condition 
essential  to  the  forms  of  the  dimetric  system^  of  being  equally  developed  in  the  direc- 
tion of  two  rectangular  axes,  but  dififcrently  in  the  direction  of  the  third.  It  may  be 
represented  by  the  formula : 


The  inclinations  of  the  edges  B  C  to  each  other  (or  the  angles  of  the  octagon,  fig,  215), 
vary  with  the  value  of  nu  The  more  n  approaches  to  unity,  the  more  nearly  do  the 
points  n  a  {Jig.  216)  approach  to  a,  and  the  more  nearly  do  the  lines  joining  these 
points  (B  C,  C  B  in^.  216)  approach  to  coincidence,  the  angles  C  of  the  base  becoming 
peafer ;  and  when  n  =  1,  or  the  formula  becomes  a:  a\  c\  the  angles  C  become  =  180° ; 
u  other  words,  the  lines  B  C,  C  B  coincide ;  the  octagon  becomes  a  square ;  and  the 
double  eight-sided  pyramid  is  reduced  to  a  double  four-sided  pyramid  with  a  square 
bMe  {fig,  217)»  having  its  angles  B  situated  at  the  extremities  of  the  horizontal  axes. 


If,  on  the  other  hand,  n  increases,  the  angles  C  {fig.  216)  become  less,  and  the 
angles  B  more  and  more  obtuse ;  and  finally,  when  n  «  oo ,  or  the  formula  becomes 
«  :  oe  a  :  r,  the  angles  B  became  «  180°,  or  the  two  horizontal  lines  B  C,  B  C,  drawn 
from  the  extremities  of  each  axis,  merge  into  single  straight  L'nes  parallel  to  the  other 
axis ;  and  the  base  of  the  pvramid  becomes  a  square,  having  the  middle  points  of  its 
sides  at  the  extremities  of  the  secondary  axes,  and  its  angles  C  equidistant  from  those 
points,  as  in  fig.  218. 

The  sjrmbols  of  the  three  forms  just  described  are  abbreviated  as  follows :  — 

fl  :      a:  0  {fy.  217)  -  P 
a  :    na  :  c  {fig,  216)  «  Pn 
a  \  ooa  :  0  {fig.  218)  —Poo. 

It  appears  then  that  a  square  pyramid  may  be  represented  by  the  formula  a : « :  c=P, 
ora:ooa:c««Poo  (the  ratio  c :  a  being  however  diflferent  in  the  two  cases), 
aoeording  as  the  secondaxy  axes  pass  through  the  angles  or  the  middle  points  of  tho 
sides  ofthe  base.  When  two  p\Tamids  so  related  to  each  other  occur  together  in  the 
nme  distal,  P  is  regarded  as  the  primary  form,  and  is  called  the  square  pyramid  of 
the  flnt  osdeor ;  P  oo  the  pyramid  ox  the  second  ozder. 
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A  square  pynynid  is  more  or  less  atmte,  acconliiig  t<5  the  patio  betiroen  tlie  principal 
and  secondnipr  axes.  When  a  is  very  aejwly  pqual  to  c,  the  pynimid  is  scarcely  dis- 
tinguishable m  outward  form  from  th»>  regiilar  octahedron  (fy.  149)  ;  the  two  forms  may, 
howerer,  always  be  distinguiiilicKl  by  their  modificatiDns,  the  edges  and  smnmits  of  the 
regular  octahedron  being  nil  modified  alike^  whereas  in  a  square  pyramid  the  tjermimil 
edges  A  B  {fy.  *210)  may  be  modified  difil'reDtly  from  the  lateral  edges  B  B,  tind  the 
summits  A  A  at  the  ends  of  the  pnQcipal  axis  difl&n^ntly  feom  the  summits  B  at  the  endf 
of  the  Be<!ondaTy  axes. 

Ah  the  ratio  of  c  to  a  becomes  greatijr,  the  pyramid  becomes  more  and  more  a^nte^ 
and  tbe  angles  of  the  planes  meeting  in  the  lateral  edges  B  B(/^.  217),  C  C  {fy.  218), 
or  Ji  C  (^.  216),  approach  more  nearly  to  18<F ;  and  finally,  when  the  ratio  c :«  be- 
comes inllnitely  great,  this  an^lc  becomes  =  IBO*^,  and  tbe  pyramid  is  reduced  to  a 
prism  of  indetlnito  kogthf  having  its  sides  parallel  to  the  principtd  axis. 

When  two  qnadratie  pynumidla,  in  which  the  ratio  c  :  aia  dilFerent,  occur  together 
in  the  same  crystal,  one  of  them  is  regarded  as  the  primary  form,  and  denoted  by  one 

of  the  formuliB  already  given;  the  other  in  which  the  ratio  of  -  is  i»  times  tJiat  in 

the  former  {m  M),  is  denoted  by  prefUing  thu  symbol  m  to  <?  in  the  full  formula,  or 
to  P  in  the  abbreviated  formula ;  thus  i — 

Square  pyramids  of  the  first  order      »        .         .    a  :  a      :  mo  =  mV^ 

Octagonal  pyramids  , a  :  na    :  fito  ^  mVn 

Square  pyramids  of  the  second  order  ,        .        .    a  :  vaa  :  ftto  ^  wiPa> 
When  in  either  of  these  formuhe  m  becomes  infinite,  the  corresponding  pyramid  becomes 
a  prism,  as  already  explained. 

When  771  B»  0,  the  pyramid  is  replaced  to  a  plane,  eaUed  the  tafminal  face,  or 
end-face^  oP,  parallel  to  tbe  plane  of  the  secondary  axes. 

Among  pyramids  of  the  second  order  occurring  together  with  a  primary  form  P,  it 
is  usual  to  distinguish  particularly  the  two  following : 

a.  The  next  ODtuaer  pyramid  is  that  whose  faces  have  the  same  position  and  in- 
clination with  respect  to  the  principal  axis,  as  the  t^^rminal  edges  of  the  primary  form. 
For  the  primary  form  a  :  ii  :  c,  or  P  (Ji^.  217) ;  the  next  obtuAer  pyramid  is  evidently 
a  :  00  a  :  p,  or  P  Qo  {fy.  218),  having  for  its  base  the  outer  doited  aquar*^,  he/d  (fy.  219)» 
whose  sides  are  drawn  parallel  to  the  axes,  through  the  angles  of  the  base  of  the 
primary  form  ;  and  generally,  for  everj^  square  pjromid  of  the  first  order,  mF^  the  next 
obtnser  pyramid  is  tkFco .  The  terminal  edges  of  P  are  symmetriciiUy  truncated  by 
the  faces  of  wPoo  . 

b.  The  next  acuter  pyramid  is  that  whose  terminal  edges  have  the  same  posi- 
tion and  inelination  with  respect  to  the  principal  oxis^  as  the  faces  of  the  primary 
form.  The  primary  form  having  for  its  base  the  equare  represented  by  the  continuous 
lines  in  JU/.  219,  Ihe  next  atniter  pyramid  will  have  the  same  prineipul  axis,  and  the 
bftse^  A  kf,  whose  angles  arc  at  the  middle  point*  of  the  sides  of  tlie  primary  form. 
The  fomiula  of  this  pyramid  is  ia  :  ao  ij  :  f?,  or  a  :  oo  a  :  2<:',  or  2Pod  ;  and  genoraily,  for 
CTery  square  pyramid  of  the  ftrst  order,  //iP,  tho  coiTc^ponding  next  acuter  pyramid  is 
2mPi30 .  Tho  terminal  edges  of  the  latter  are  symmetrically  truncated  by  the  fiices 
of  mP. 

Fiff,  21^.  i^.  220. 


Cont^inatloiu  of  tlie  BoloiiedTal  f^^Tiiu  of  the  2>lmetrf  c  iyitem.    Tho 

square  and  octnftnnal  jsyrjimidH  suid  pritims  above  degcrilud  nre  tho  only  Himplo  holo- 
hetkid  fonnw  of  Uie  dimetrie  KyHlem.     Tho  fo  I  lowing  ar*?  R4»me  of  tlveir  principal  com- 
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buttdons: — When  t«o  tqiure  pyraini,d8  of  the  same  order  oecax  toother  in  a  crystal, 
tiie  more  aeate  of  the  two  is  acuminated  in  the  direction  of  the  principal  axis  by  the 
Uem  of  the  more  obtoee^  which  rest  on  the  faces  of  the  former,  as  in  j^.  220.  In 
filpK^i»  of  nickel,  which  crystallises  in  this  manner,  the  ratio  o  :  a  ■-  1*888  in  the 
man  acute,  and  0*944  in  the  more  obtose  pyramid,  the  len^  of  o  in  the  two  pyra- 
mids referred  to  a  seoonda^  axis  as  unity,  being  in  the  ratio  of  2  :  1.  In  all  such 
combinations,  it  is  found  that  the  princifMil  axes  of  the  two  pyramids  bear  to  one 
another  a  simple  ratio,  as  3  :  1,  3  :  2,  &c 

When  two  sauaze  pyramids  of  different  ordera  occur  together,  the  faces  of  the  one 
traneate  the  eoges  or  the  summits  of  the  other.  Fig,  221  represents  a  form  of  tin- 
stone, in  which  the  terminal  edges  of  the  primary  form  P  are  symmetrically  trun- 
cated by  the  faces  of  the  next  obtuser  pyramid  Poo .  Fig,  222  is  a  form  of  anatase,  in 
which  the  terminal  summits  of  P  are  acuminated  by  JP,  and  the  lateral  summits  are 
berelled  by  the  &ces  of  the  next  acuter  pyramid,  2Pao .  The  terminal  edges  of  this 
Utter  pyramid  may  also  be  regarded  as  yezy  broadly  truncated  by  the  faces  of  P. 


^.221. 


Fig,  222. 


^.223. 


J^.  224. 


^  *^l  \ — 

r     1  '  ■ 
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OmbmrntioBS  of  prisms  and  pyramids  of  the  different  orders,  with  or  without  the 
terminal  face  oP,  are  of  frequent  occurrence.  Fig.  223  represents  an  octagonal  prism 
formed  by  the  prismatic  faces  of  the  first  order,  oo  P,  tnincatod  by  the  prismatic  faces 
of  the  second  order,  ae  Poo ,  and  terminated  above  and  below  by  oP.  This  form  is 
seen  in  acetate  of  copper  and  calcium,  C*H*CuCaO'. 

«P.P  (^.  224)  18  a  form  of  potassio-uranic  acetate,  a  square  prism  with  pyra- 
midal summits  resting  on  the  prismatic  fiices. 

Fhe.  225,  226,  227  represent  combinations  of  the  forms  P .  oo  P  oo  in  rarious  pro- 
portKma. 

P .  OD  P  OD  (Jg.  226),  with  P  predominant,  is  found  in  mcllite  or  honeystone. 

P  and  00  P  OD  equally  developed  (fy.  226),  which  has  very  much  the  appearance  of 
a  riiombie  dodecahedron,  is  exhibited  by  potassio-cupric  chloride,  KCLCuCL 

ac  P  CO  .  P  (Jig.  227)  is  a  form  of  apophyllite. 

Fig.  226.  Fig.  226.  ^9-  227. 


The  following  figures  (Jigs.  228—231)  represent  combinations  of  square  pyramids  with 
the  terminal  fiwie  oP ;  they  are  all  forms  of  sulphate  of  nickel,  Ni*SO«  +  3HH).  In  all 
tlmt  ftrmbini^^""^  it  may  be  obaorred  that  pyramids  similarly  situated  between  the 
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J^.  228.  Fiff.  229. 


Fiy.  230. 


Fig.  231. 


iixps  fonn  combinatioa-edges  panillel  to  the  baao,  e.  g^  oP,  jP,  P,  and  Pte . 
00  P  00  {fy,  231),  whereas  pyrainidB  and  priams  differently  situated  with  repaid  to  tho 
axes  form  combination-edffes  inclined  to  tho  base,  e.g.  P  and  ao  P  ee ,  vnfya.  225,  226, 
227,  230,  231 ;  also  P  and  Pas  mjlgs,  230,  231.  This  rule  ia  of  great  usa  in  deter- 
mming  tb©  relations  of  the  faces  io  complicated  combinationa. 

Befmlliedral  Fiimui*    A  aquare  pyramid  may  become  hemihedral  in  the  i 


manner  as  a  regular  octahedron  (p.  128)^  via*  by  the  extension  of  four  alternate  fa^M 
till  the  others  are  obliterated.  The  figuro  thus  produced,  chilled  a  quadratic  sphe- 
noid, ifl  a  four-sided  pyramid  disdngiiiahed  from  the  regniiir  tetraheflrtin  by  the  form 
of  ita  facea^  which  ar«  not  eqiiilat€ral  but  isosceles  triangles.  The  prLncipal  axis  ter- 
minates in  the  middle  pointa  of  two  of  tho  <?djjea  (terminal  edges) ;  the  se^wndary  axes 
in  the  middle  points  of  tho  four  other  edgva  (lateral  edges),    A  quadratic  aphenojfd  is 

denoted  by  the  symbol  *^   or  — =— ,  according  to  that  of  the  pyramid  from  whicli  it 

is  formed,  Tho  signs  +  and  —  prefixed  to  these  symbols  have  tho  same  meanings 
as  in  the  case  of  the  regular  tetrahedron  (p.  128). 

Sphenoids  rarely  occur  alone ;  a  solution  of  cyanide  of  mercury,  howover,  sometimes 

yields  by  spontaneous  eraporation  perfectly  developed  sphenoids  in  which  -  —  0  985. 

More  frequently  sphenoids  occur  in  combination,  g.^.  with  tlieir  tfirminol  edges  trun- 

p 
cated  by  the  face  oP,  and  their  lateral  edges  by  ooP  »,    The  eummita  of  -   may 

also  he  replaced  by  the  faces  of  the  opposite  sphenoid,  in  which  case  they  are  dis- 
tinguished as  +   ^  and  —  ^.    A  combination  of  these  two  forms  equally  develope<l 


2 2' 

has   the  external   form  of  a  square  pyramid,  but  may  generally  be  distinguished 
therefrom  by  the  different  modificatioiia  of  ita  edges  and  Bummits,     Fig.  232  is  a  form  of 

copper-pyrit^ss^  consisting  of  a  sphenoid  +  ^   having  ita 

terminal  edges  replaced  by  oP,  ita  summifca  by  fac«a  of 

—    ,  while  those  combination-odges  of  the  two  sphenolids 

which  are  situated  like  the  terminal  edges  of  P,  are  tniu- 
catcd  by  faces  belonging  to  tho  pyramid  P  oo.  ModiJied 
sphenoids  also  occur  in  cyanide  of  mercury,  format*?  of 
strontium,  cholalie  acid,  6cc. ;  but  they  aro  not  common. 
•JUiPrt 

Another  hemihedral  form  — ^^    i*  prodnced  by  tho 

growth  of  the  alternate  faces  of  the  octagonal  pyramid 
{fy.  216).  It  is  a  double  pyramid  with  a  square  base, 
hut  having  the  itides  of  the  base  obliquely  inclined  to  the  secondary  axes,  as  may  be  seen 
by  prolonging  the  alternate  aidaa  of  the  octagon  {fy.  216)  till  they  meet    Such  a 
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form  18  called  a  square  pyramid  of  the  third  order.    Id  like  manner  are  formed 

square  prisms  of  the  third  order.     Square  pyramids  of  the  third  order  never 

occur  alone,  and  bat  rarely  in  combination.    Examples  are  found  in  tungstate  of  lead, 

tungstate  of  calcium,   and  a  few  other  minerals.    In  native  tungstate  of  calcium 

4P2 
(Scheelite)  the  primary  form  P  occurs,  modified  by  the  faces  2P  oo  and  -^r-. 

Bexaffonal  Bystenu 

JShombohedral,  Monotrimeiric  System  {Drci-  find  eiruixiges^  sechaglUdrigeSj  drd"  und 
drdgliedriges  System). —  Ciystals  of  this  system  have  three  equal  secondary  axes 
situated  in  the  same  plane  and  inclined  to  one  another  at  60^^,  and  a  principal  axis 
at  li^t  angles  to  the  plane  of  the  secondary  axes.  If  this  axis  be  placed  vertically, 
the  crystal  appears  differently  developed  in  the  vertical  and  horizontal  directions,  but 
equally  and  similarly  developed  in  the  six  directions  lying  in  the  horizontal  plime, 
viz.  at  the  six  extremities  of  the  three  secondary  axes. 

The  principal  axis  is  sometimes  longer,  sometimes  shorter  than  the  secondary  axes. 
Its  length  c  is  expressed  by  referring  it  to  that  of  a  secondary  axis  as  unity. 

As  three  points  determine  a  plane,  the  position  of  any  face  of  a  crystal  in  this  i^tem 
is  determined  by  the  distances  from  the  centre  at  which  it  cuts  the  principal  axis  and 
two  of  the  secondary  axes.  The  most  general  form  is  one  in  which  each  face  cuts  two 
of  the  secondary  axes  at  unequal  distances.  Suppose,  for  example,  these  distances 
to  be  to  one  another  as  1  :  f .  Draw  three  horizontal  axes  cutting  one  another  at  60^, 
as  in  fy.  23S,  and  set  off  on  two  of  them  the  distances  a,  |a.  Then,  by  a  construction 
similar  to  that  described  at  p.  133,  it  is  found  that  the  horizontal  section  of  the  re- 
quired form  is  an  equilateral  dodecagon;  und  by  joining  the  angular  points  of  this 
polygon  with  the  extremities  of  the  principal  axis  (supposed  perpendicular  to  the  plane 

Fig.  234. 


>x« 


^1^.  235. 


M 

of  the  paper)  we  obtain  the  symmetrical  double  twelve-sided  pyramid  (Jig.  234),  bounded 
by  twenty-four  scalene  triangles  A  B  C,  six  of  the  basal  summits,  B,  being  situated  at 
the  extremities  of  the  secondary  axes,  and  six 
others,  C,  half  way  between.  Such  forms  occur  in 
combination,  but  not  singly. 

The  genend  formula  of  the  solid  thus  determined 
is  a  :na:  pa:  Ct  ia  which  when  n  is  given,  p  is 
determined.  In  the  preceding  figure,  where  n  —  f , 
p  is  found  to  be  equal  to  3.  There  are  two 
particular  cases  of  special  importance : — 

1.  When  «  a»  1,  or  the  formula  becomes  a:a:pa:c. 
In  this  case  it  is  easy  to  see  that  the  twelve 
sides  of  the  base  are  reduced  to  six,  and  the  base 
becomes  a  rogular  hexagon  (Jig.  236),  having  its 
angles  at  the  extremities  of  the  secondary  axes. 
Each  side  meets  two  contiguous  axes  at  equal 
distances,  as  at  /,  k,  and  is  parallel  to  the 
third,  so  that  p  «  »,  and  the  formula  becomes 
«  :  a  :  00  a  :  c.  The  form  thus  determined  is  a 
double  six-nded  pyramid  {fig,  236)  bounded  by  twelve  isosceles  triangles  ABB,  which 
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are  acnte-  or  obtnie-angled,  accordLng  to  the  ratio  of  tha  principal  to  the  eecondaiy 
ax«fi.  Every  section  perpendicular  to  the  vertical  axis  ia  ^  regular  hexagon,  like 
the  base,  and  every  vertical  Bcction  paaaiiig  through  the  principal  axis  in  a  rhotnbus. 

2.  Wlicn  n  *■  2.  Eiich  fuco  cats  ono  of  the  iK.'Condarj  axes  at  the  diBtance  a  and 
another  at  2a,  In  this  caae  the  construction  in  Ji^,  235  fihows  that  the  hase  of  the  figure 
IB  a  regnki  hexagon,  having  iU  sides  in  the  nituation  of  the  dotted  linee  of  the  figure, 
each  side  paaaing  through  one  of  the  angles  of  the  former  hexagon,  and  cutting  the 
third  secondaiy  axis  also  at  the  distance  *2a  from  the  centre,  «o  that  the  formula  be- 
eomai  a  :2a:  2a:  c.  The  solid  figure  obtained  hy  joining  the  angnlaj  pointa  of  this 
hexagon  vith  tlie  ends  of  the  principal  axis  is  also  a  double  aix-aidcd  pjTamid,  like 
fy.  236,  but  differcndj  situated^  the  coda  of  the  secondary  axee  passing  through  the 
middle  points  of  the  sides  of  the  hexagon,  and  the  basal  summits  C  baing  aituated 
halfway  between  these  axes  (fy.  237). 

Whea  two  or  more  hexagonal  pyramids  occur  together  in  the  same  crystal,  one 
replacing  the  edges  or  summits  of  the  othert  one  of  them  is  usisumed  as  the  primary 
form,  the  secondary  axes  being  supposed  to  pa^sd  through  the  angles  of  its  base  ;  and 
of  the  rest,  those  which  are  simQarly  sitnatea  with  regard  to  the  axes  are  called  acuter 
orobtuser  pyramids  of  the  first  order,  while  those  which  are  intermediately 
situated,  that  is  to  say*  having  the  middle  points  of  their  bnsal  etiges  at  the  extremities 
of  the  axes,  are  called  pyramids  of  the  second  order.  The  relative  lengths  of 
the  priucipal  axe*  of  these  pjTamids  are  denoted,  as  in  the  dimetnc  system,  br  placing 
a  multipUcr  m  before  the  sign  of  the  principal  axis.  The  abbreviated  symbols  of  the 
several  pyramids  are  also  similar  to  those  used  in  the  dime^c  system ;  thus  i-^ 


Primary  form     . 
Pyramids  of  the  first  order 
Pyramids  of  the  second  order 
iJodecagonal  pyramids 


a  :    a  *  ooa  :     a  »  P 
a  :    a:  Qua:  me  ^  wiP 
a:%a:   2a  :me  ~  mP2 
a:na:  fa  :mc  —  inBn 


If  in  either  of  these  formulae  m  e^  D,  the  pyramid  is  reduced  ta  a  terminal  face  oP 
parallel  to  the  plane  of  the  secondary  axes, 

Jf  m  =  00,  m  either  of  the  formula,  the  corresponding  pyramid  becomes  a  vertical 
prism,  coP,  odP2,  or  odP«^  of  indefinite  length. 

These  prisms  and  the  terminal  faces,  being  nncloaed  forms^  can  only  occur  in  com* 
bi  nation. 

The  terms^  next  obtuserand  next  acnter  pyramid,  are  used  in  this  system  in  the  same 
sense  as  in  the  dimetric system  (p,  134) ^-^fl.  The  next  obtnser  pyramidisthat 
whoso  faces  have  the  same  situation  and  inclination  relatively  to  the  principal  axis  as 
the  terminitl  edges  of  the  primary  form.  For  the  primary  form  P,  or  a :  a :  od  a :  (? 
iJUf.  236),  the  next  obtuaer  pyramid  is  evidently  a:  2a:2o:c  or  P2  {Ji^,  236);  and 
generally^  for  exery  hexagonal  pyramid  wP,  the  next  obtnser  pyramid  is  ?7iP2. 

6.  The  next  acuter  pyramid  for  the  primary  form  P,  is  that  whoae  terminal 
edges  have  the  same  position  and  inclination  relatively  to  the  principal  axis  as  the 
faces  of  the  primary  form.  The  base  of  the  primary  form  being  the  fuli-lined  hexagou 
{^fig.  236),  the  next  acuter  pyramid  is  that  whose  faeea  meet  the  principal  axis  at  the 
same  distance  c  from  the  centre,  and  pa^s  through  h,  if,  the  middle  points  of  the  aides 
c^,  kfj  and  the  correfl|>onding  pointa  of  the  other  sides  of  the  same  hexagon.  Now 
the  lino  bd  cnta  the  axis  <7A'  in  the  point  t,  so  situated  that  gi  =  a  gk%  CoDiie<juently» 
the  formula  of  this  pyramid  is  |  o :  2  ,  ^  :  2  .  Ja :  tr.  or  o  :  2a:  2a :  |<7  =  |P2  :  and  gene- 
rally, for  every  pyramid  of  the  first  order  ^iP,  the  corresponding  next  acuter  pyramid 
is  |/7iP2.  The  terminal  edges  of  a  pyramid  of  the  first  order  wP  are  symmetrically 
truncated  by  the  faces  of  a  pyramid  of  the  second  order  otP2, 

The  hexagonal  and  dodecagonal  pyramids  and  piisms  above  described^  are  the  only 
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bololieclral  fonm  of  ihe  hexagonal  system.  The  dbsed  forms  (the  pyramids)  are 
rarelj  found  alone;  examples  of  simple  hexagonal  pyramids  are  found  in  the  com- 
pound of  grape-ffngar  and  diloride  of  sodium,  and  occasionally^  in  quarts.  The  un- 
closed forms,  vis.  the  prisms  and  the  terminal  fiices,  occur  only  in  comhination. 

OomliliiatlABS  of  tbe  Bolobedral  forms  of  the  Hexagonal  Byatem. 
Hexaeonal  pyramids  and  prisms  combine  together  in  the  same  manner  as  the  corre- 
sponding figures  of  the  dime^c  system.  When  two  pyramids  of  the  same  order  occur 
together,  the  obtuser  of  the  two  acuminates  the  summits  of  the  more  acute,  just  as 
in  fy.  220  (p.  134).  In  like  manner,  the  hexagonal  ^rism  occurs  acuminated  by  the 
pyrainid  of  toe  same  order,  the  faces  of  the  latter  resting  on  those  of  the  prism,  and 
fomaing  horizontal  combination-edges,  as  in  quartz  (fy.  238).  When  hexagonal  pyra- 
mids of  different  orders  occur  together,  the  faces  of  the  one  replace  the  edges  and 
summits  of  the  other,  producing  truncations,  bevellings,  or  acuminations,  according  to 
their  relatiye  positions  and  inclinations.  Examples  of  these  combinations,  together 
with  the  terminal  £Eu;e  oP,  are  seen  in^«.  23G,  241,  242,  which  are  forms  of  apatite, 
and^.  240,  which  is  a  form  of  beryl. 


^.288. 


F^.  239. 


i^.  240. 
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The  forms  oo  P  and  oP  combined  together  produce  a  yertical  hexagonal  prism  with 
horizontal  end-fiices.  When  oP  predominates,  the  prism  is  reduced  to  a  hexagonal 
tablet  In  fig,  240  the  combination-edges  of  this  form  are  truncated  by  the  faces  P 
bdonging  to  a  pyramid  of  the  same  order  as  the  prism  ;  in  fi^,  241  the  combination- 
summits  of  the  same  form  arc  truncated  by  the  faces  of  a  pyramid  2P2  of  different  order. 
Fig.  242  affords  a  good  example  of  the  manner  in  which  the  different  forms  making 
np  a  complicated  combination  may  be  determined.    The  pyramid  whose  faces  are 


Fig,  241. 


Fig,  242. 
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denoted  by  P  is  chosen  as  the  primary  form,  because  it  is  the  one  to  which  the  other 
forms  may  be  most  conycniently  referred.  The  relation  of  the  faces  oP,  oo  P,  oo  P2  to 
this  primary  form  is  obyious.  The  faces  of  the  next  obtuser  pyramid  P2  are  known 
because  they  truncate  symmetrically  the  terminal  edges  of  P ;  those  of  2P2,  because 
they  truncate  the  combination-summits  of  oP  and  oo  P  (as  in^.  241),  forming  com- 
bination-edges which  are  parallel  to  the  terminal  edges  of  P  (or  the  combination-edges 
between  P  and  P2) ;  and  those  of  2P,  because  their  terminal  edges  are  symmetrically 
tnmcsted  by  2P2.  • 
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Fig.  243. 


%=^^ 


Symmetrical  twelve-sided  pyramids  rarely  occur  in  comliiiiAtioD,  with   all  theic 
faces.    An  eiarople  of  guch  a  eombination  is.howevePj  fotmd  in  beryl  {fg>  243),  m 
wliich  tlie  twenty^four  faces  of  3P|  (denoted  in  the  figure  Ly 
z)  truncate  the  edg<?s  between  2P2  and  mV, 

In  all  combinations  of  heiagoDal  (and  likewise  of  qnndratic 
forms,  tho  following  rule  holds  good:  ---Fonns  which  lie  in 
the  tams  direcHon  between  the  secondary  axes  interaect  one 
anothet'in  horizontal  edgcs^  or  in  such  a  mannur  that  the 
ttpfer  and  lower  combination-edges  are  paralid  to  each  other  ; 
hut  forms  which  are  dissimilaritf  sitmited  hetwBptt  the 
secondary  axes^  intersect  one  another  in  inclined  edges,  the 
npper  and  tower  not  being  parallel,  Thna  the  combination- 
radges  between  oP,  P,  2P  ami  ooP  (Jt^.  242)  are  all  parallel, 
an  also  are  those  between  OP  (which  is  the  same  as  oP2),  P2, 
2P2  and  m  P2  ;  whereas  the  combination-edgea  between  P 
mid  2P2,  or  2P2  and  ooP  in  the  same  flgura^  or  between 
3P  &nd  ooP  'm/ig.  243  are  not  parallel  to  one  another. 

Bemltiedral  fomittii  The  hemiliedral  forms  of  the  hexagonal  sj'stem  octmr  more 
frrqut^ntly  than  the  holohediul  forms,  and  among  them  there  are  two  of  especiid  iirt- 
portaece^  the  Rhombohedron  derived  from  the  hexagonal  pyramid,  and  the  Seal e- 
nohedron  derived  from  the  dodecagon al  pyramid. 

1,  Ehomhohidrons. — Suppose  that  in  a  hejcogonal  pyramid  (of  the  first  erder^  Jig. 

238)  the  front  face  above^  the  right  and  left  faces  below^  and  the  three  faces  alternating 

with  tbese,  are  erteeded  till  they  obliterat*  the  intermediate  fac^,  viz.  the  frout  below, 

the  riglit  and  left  above,  &c. ;  the  postilt  will  ba  the  rhombohedron  (jSy.  244),  a 

fltrure  bounded  by  six  rhombuses.    It  has  eight  summitH,  which  are  of  two  kinds,  vhs.  two 

terminal  Huinmits  A  A,  formed  by  the  meeting  of  three  tenninal  edges,  and  six  lat^^nil 

gummits  D  D,  formed  by  the  concnrrenco  of  two  lateral  edges  and  one  terminal  edge. 

Of  the  twelve  edges,  six  are  terminal,  extending  from  the  terminal  to  tlie  lateral 

snmmita,  and  six  iateral*  extending  in  a  zig-sagline  between  the  lateral  samroiti.    The 

principal  DJtia  joins  the  terminal  summits;  the  seooudaij  axes  unite  the  middle  points 

of  every  two  opposite  lateral  edges-     The  symbol  of  the  rhombohedron  would,  ac- 

P 
cording  to  general  iisage,  be  ^ ,  hut  it  is  usually  rephiced  by  the  shorter  Bymbol  E, 

In  the  rhombohedron  formed  as  above  described,  one  face  extands  from  above  for- 
wards, and  one  edge  from  below  forwards  ;  if  however  tJie  other  alternate  faces  of  the 
hexagonal  prism  (Jig*  23&)  be  supposed  to  grow,  viz.  the  right  and  leffc  above^  the 
front  below,  &c.,  the  result  will  be  a  rhombohedron  in  the  opposite  position,  that  is  to 
iiry,  ImTi&g  an  ^g&  extending  from  above  forwards  and  a  face  from  below  forwards. 

Fig.  246. 


as  in  Jig.  246.  When  these  opposite  rhombohedroiis  oocnr  together  in  the  same 
crysttd,  their  faces  are  distingm'shod  by  the  signs  +  and  ~,  the  first  described  rhom- 
bohedron, which  bos  a  face  extending  ftt>m  above  forwards,  being  usually  denoted  by 
->-  R,  the  opposite  one  by  —  R. 

Rhombohedrona  are  acute  or  obtase,  according  as  their  terminal  edges  and  fiices 
intersect  one  another  at  acnt<?  or  obtuse  angle,?,  these  inclinations  depending  of  course 
upon  the  ratio  between  the  principal  and  secondary  axes.  For  a  particular  ralue  of 
this  ratio,  the  faces  and  edges  meet  at  right  angles,  and  the  rhombohedron  has  the 
form  of  a  cube.  It  is  not,  however,  identical  mth  a  cube  in  anything  but  external 
shape !  for  its  edges  and  summits  are  of  two  kiuds,  and  the  terminal  edges  or  summits 
may  be  modified,  while  the  lateral  edges  or  summits  are  not,  and  vice  versd^  whereas 
in  the  cube,  if  any  modification  occurs,  aU  the  corresponding  parts  mast  bo  similarly 
modi  lied. 
When  A  number  ^f  rhombohedrons  of  diJfereot  degrees  of  acnteness  oceor  together* 
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that  one  is  selected  as  the  primary  form  in  the  direction  of  whose  faces  the  crystal 
cleaves  most  easily,  and  this  rhombohedron  being  denoted  by  +  K  (tiat  is  to  say,  being 
so  placed  that  one  face  of  the  primary  form  extends  from  above  forwards),  the  others 
are  denoted  by  +  mR,  the  nnmber  m  denoting  the  ratio  of  the  principal  axis  of  each 
rhombohedron  to  that  of  the  primary  form.  This  ratio  is  ^ways  very  simple.  (See 
Caixspab,  i.  721.) 

When  two  phombohedrons  of  the  same  order  occur  together,  the  more  obtnse 
acuminates  the  terminal  summits  of  the  more  acute,  as  in  fy.  246,  a  form  of  calcspar 
in  which  the  terminal  summits  of  +  4R  are  acuminated  by  +  R ;  but  when  rhombo- 
hedrons  of  different  orders  occur  together,  the  edges  or  summits  of  the  one  are  trun- 
cated by  the  faces  of  the  other,  as  in  Jigs.  247 — 249.  A  rhombohedron  by  which  the 
terminal  edges  of  the  primary  form  are  symmetrically  truncated,  is  called  the  next 

Fig.  246.  Fig,  247.  Fig.  248.  Fig.  249. 


obtuser  rhombohedron  of  that  form;  and  the  rhombohedron  whose  terminal 
edges  are  symmetrically  truncated  by  the  faces  of  the  primary  form  is  called  the 
next  acuter  rhombohedron  of  that  form._  Of  any  rhombohedron  +  wiR,  the 
next  obtuser  is  +  ImRt  and  the  next  acuter  is  +  2^R.  In^.  249,  +  R  is  the  next 
obtuser  rhombohedron  of  —  2R.  Examples  of  rhombohedrons  thus  related  are  found 
in  calcspar  (L  721),  also  in  chabasite  (i.  843). 

The  two  opposite  rhombohedrons  +  R  and  ~  R,  formed  from  the  same  hexagonal 
pyramid,  are  often  combined  together,  and  when  they  are  equally  developed,  produce  a 
combination  undistinguishable  in  form  from  the  holohedral  hexagonal  pyramid.  There 
are,  however,  essential  diflTerences  between  the  two :  sometimes  the  faces  of  the  opposite 
rhombohedrons  differ  in  lustre  or  in  mode  of  striation ;  sometimes  the  crystal  cleaves 
in  directions  parallel  to  one  set  of  faces  and  not  to  the  other ;  frequently  also  the 
manner  in  which  the  faces  and  edges  are  modified  affords  the  means  of  distinction  : 
thus  the  horizontal  combination-edges  of  quartz,  oo  P .  P  (Jig.  238),  are  sometimes 
truncated  by  the  faces  3P ;  but  this  modification  does  not  affect  the  whole  of  these 
edges,  but  only  the  alternate  ones,  e.  g.  the  front  combination-edge  above,  the  right 
and  left  below,  &c,  whereas,  if  the  crystal  were  holohedral,  all  these  edges  would  be 
modified  alike  (Jio.  258). 

The  terminal  &ce  oR  truncates  the  terminal  summits  of  a  rhombohedron,  as  in 
corundum  (Jig.  146,  p.  86)  ;  if  the  face  oR  predominates  greatly,  the  crystal  is 
reduced  to  a  tablet  like^.  147. 

The  more  the  principal  axis  of  a  rhombohedron  increases  relatively  to  the  secondary 
axes,  the  smaller  do  the  angles  at  the  terminal  edges  become,  and  tne  more  nearly  do 
those  of  the  lateral  edges  approach  to  120°,  that  is  to  say,  to  the  inclination  of  the 
fares  of  a  hexagonal  prism  (see  Table,  vol.  i.  p.  721).  And  finally,  if  the  principal 
axis  becomes  infinite,  the  facps  of  the  rhombohedron  become  parallel  to  it,  and  the 
figure  becomes  a  hexagonal  prism  identical  with  oo  P ;  in  rhombohedral  combinations 
it  is  however  denoted  by  oo  R. 

Rhombohedrons  occur  in  combination  with  hexagonal  prisms.  With  a  predominant 
hexagonal  prism  of  the  first  order,  ooP,  or  ooR,  a  rhombohedron  (of  either  order) 
combines  in  such  a  manner  as  to  produce  three-faced  terminations,  the  acumination-faces 
resting  symmetrically  on  the  faces  of  the  prism,  and  disposed  alternately  above  and 
below,  as  in  calcspar  oo  R.  —  }R  (Jig.  260) ;  on  a  prism  of  the  second  order,  ooP2,  a 
rhombohedron  likewise  forms  three-faced  acuminalions,  with  its  faces  likewise  disposed 
alternately  above  and  below,  but  resting  symmetrically  on  the  edges  of  the  prism, 
as  in  Jig.  251,  which  is  a  form  of  dioptase. 

2.  Scalenohedrons. — This  form,  represented  mjias.  262,  253,  is  produced  by  the 
extension  of  the  alternate  faces  of  the  double  twelve-sided  pyramid,  Jig.  234,  p.  137.  It 
is  bounded  by  twelve  scalene  triangles,  has  two  six-faced  terminal  summits,  six  four- 
fiiced  lateral  summits,  and  eighteen  edges  of  three  different  kinds,  viz.  six  longer  and  six 
shorter  edges  between  the  terminal  and  lateral  summits,  and  six  lateral  edges  forming 
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Fig.  260.  Fig.  251, 
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a  iigitg  betwoan  the  lateral  stttnoiits.  The  middle  points  of  tlie«a  lateral  edges  are 
sitimtedftt  the  extremities  of  tiie  secondary  axea,  bo  that  the«e  edgea  haye  the  same  rela- 
tive situdtiou  as  the  lateral  edges  of  si  rbombohedron  \  and  in  fact,  the  easiest  way  of 
conceiving  the  gooeration  of  a  jBcalenohedron  ia  to  eappose  the  principal  aiia  of  a 
rhomlMjhedron  to  be  elongated,  and  straight  lines  drawn  from  the  ejctremitiea  of  thin 
elongated  axis  to  the  latcriil  summits  of  tJie  rhoiabohedroD. 

A  scAlenohedroQ  is  determined  bjthe  dimensloDS  and  position  of  therhombohedjoa 
from  which  it  may  be  coneeired  to  bo  formed,  and  by  the  number  of  times  that  tho 
axis  of  that  rhombohedroB  must  be  multiplied  to  produce  it;  the  latter  is  indicated 
by  placing  a  auporior  figiiro  to  tbo  right  of  the  symbol  of  the  rhombohedfon ;  thus  a 
Bcaldtohedron  whodo  Tertieal  axis  is  n  times  that  of  ita  generating  rhombohedrou  mlt, 
IB  denoted  by  the  aymbol  ^i". 

Fig.  n%  Fig,  253* 


Scalonohedrons  are  further  distinguiflhed  as  +  <5r  — ,  according  to  the  position  or 
order  of  the  generating  rhombohedron,  or  according  as  they  are  produced  by  the 
DxtenflioQ  of  one  or  the  other  aet  of  alternate  faces  of  the  primitiTe  do<leeagonal  pyra- 
mid. The  op|^Cl«ite  forms  are  ahown  in  Jigt.  252,  263.  Tho  form  +  E"  occurs  in 
colcMpar,  conatitntiug  the  variety  called  i<^A-^Uoih  spar  {Jig.  123,  vol  i.  p.  722), 

The  terminal  summits  of  a  scalenohedron  are  often  acuminated  with  three  faces  of 
tho  rhombohedion  from  which  the  scalenohedron  may  be  supposed  to  be  deriTed*  the 
combination-edgea  being  parallel  to  the  lateral  edges  of  the  scalenohedron,  aa  in 
Jiff.  264,  which  is  also  a  form  of  calcepar.  Tho  lateral  summits  ajo  also  frequoutiy 
trttncated  by  the  faces  of  the  first  hexagonal  pyramid  os  P,  and  the  bteral  edges  by 
those  of  the  second  hexagonal  prism  cmV'l. 

3,  Other  henuhedral Jhrim. — The  double  dodecagonal  pjrramid  7nl*n  {Jig.  232)  may 
become  hemihedral  in  the  same  manner  as  the  double  eight-aidedpriam  of  the  (quadratic 
ijyetem  (p,  133),  ti^.  by  the  ext^>uaion  of  each  jiltemuto  pair  of  faces  meeting  in  a 
lateral  tslge*  The  figure  thus  produced  ia  a  double  Bix-aidedprism  of  the  third 
order.  Evi'ry  dodeeagoual  pyramid  yields  two  such  hexagonal  pyramids  of  the  third 
order,  according  as  one  or  other  set  of  altcrDato  fiices  U  supposed  to  grow.     The  base 
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of  one  of  these  pyramidB  is  represented  by  the  full  lines  in  {fy.  266\  that  of  the 
other  bj  the  dotted  lines.  The  lateral  summits  of  each  of  these  pyramids  are  situated 
between  the  secondary  axes,  and  at  unequal  distances  from  each  pair  of  axes. 

Hexagonal  prisms  of  the  third  order,  — —,  are  produced  in  like  manner 

fiom  the  dodeeagonal  prism. 

This  kind  of  hemihediy  is  strikingly  exhibited  in  apatite.  Jn  fig.  2il  (p.  139)  tfao 
eombination-edge,  which  each  £bu»  <^  2P2  forms  with  the  two  conti^ous  faces  of  ooP, 
may  be  truncated  by  a  face  of  a  dodecagoniJ  pyramid,  as  in  beryl  {Jig,  243,  p.  140), 
iriiere  the  twenty-four  small  fiices  denoted  by  z  belong  to  the  pyramid  3P|.  In  apatite, 
howeyer,  only  half  of  these  combination-edges  are  thus  truncated,  viz.  those  which  each 
fiice  2P2  fi>nns  with  the  £Me  oo  P  to  the  left  of  it,  while  the  one  to  the  ri^ht  remains 
unaltered  (Jg,  266).  The  truncation-faces,  therefore  (represented  hyminfig.  266), 
3p3 

In  like  manner,  of  the  two  combination-edges 


belong  to  the  hemihedral  form  • 
^.256. 


Fig.  267. 


Fig.  258, 


whidi  eaeh  fSice  aoP2  forms  with  the  two  contiguous  fiices  ooP  (fig.  242),  one  only  is 

a)P' 

truncated,  the  &ee6  p  (fig.  266)  belonging  to  the  hexagonal  prism— ;^. 

The  hexagonal  Dyramid  of  the  second  order(j^.  138)  may  also  become  hemihedral  bythe 
obUteration  of  half  of  its  &ces  in  the  manner  just  described,  the  resulting  figure  Ming 

4nP2 
a  double  trianglar  pyramid  — ^,  having  an  equilateral  triangle  for  its  base.    It  nerer 

occurs  alone,  but  is  found  in  quartz,  replacing  half  of  the  summitff  formed  by  the  fiices 
of  the  two  opposite  and  equally  developed  rhombohedrons  +  R  and  —  R  (p.  140)  and 
the  hexagonal  prism  oo  R  If  the  crystal  were  holohedral,  the  whole  of  these  summits 
would  be  thus  replaced,  and  the  combination  would  be  that  represented  in  fig.  267, 
iHiere  tha  fiMSS  x  belong  to  the  second  hexagonal  pyramid  2P2.    In  reality,  however, 

only  half  these  Misimits  an  thus  repkced,  as  represented  by  the  faces  x  or  -^  in 
fig,  266. 
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HaHgODiil  prisms  of  the  second  order  likewise  becom  p  hcmihedral  b}^  tlie  oblitertttion 
of  liftif  their  fttCo«  altemAtdj  dtiiiited,  producing  triangular  prisma. 

Tttartohtdry. — Qnarte  ftlTords  a  remarkftbre  exampb  of  a  combination  in  which 
only  ono-fourtb  of  the  possiblo  facta  are  prcaedt  (p.  121).  The  combination -edges 
between  the  faces  x  and  ccR  are  often  truncated  by  faces  y,  belonging  to  a  dodecagonal 
pjT&midj  6PJ ;  but  of  the  twenty-fonr  faces  belonging  to  this  form,  six  dtlTore  preficnt, 
aa  thown  in  fy.  258,  Quartz  lUEewlae  exhibita  other  forms  of  tetartobeorol  develop- 
ment. 

Trlmetrte  or  Atiomlile  Syitem* 

Prismatic^  Right  pri^math,  Orthotypic^  Isodink^  Rohhedm-rhombotrimetric  System 
(ZiiW-  und  twdgtiedrigcM^  tin'  und  eifiarigcM  System), 

CrystalH  belonging  to  this  fijstem  haTO  tluee  rectangular  axes,  aE  of  different 
lengths ;  in  other  words,  they  are  unequally  deTeloped  jn  three  dixectionfl  at  right 
Anglos  to  each  other.  The  axes  are  HkewiM  dissimilar  in  this  respect,  that  tbey  ter- 
minate in  dissimilar  parts  of  the  crjstal. 

The  three  axes  of  a  trimetric  ciystal  are  therefore  ein  gti  1  a  r  ax  es  (p.  120),  and  there 
is  no  reason  for  considering  either  of  them  as  a  principal  axis  rather  tban  the  others* 
It  is,  howe¥er»  convenient  to  regard  as  the  principal  nxis, 
that  one  of  the  three  in  the  direction  of  which  the  crystal  is 
to  the  greatest  extent  prism atically  deyeloped,  or  to  which 
the  greatest  number  of  &ce«  are  parallel.  This  iixis  we  sUjiU 
suppose  to  be  placed  vertically,  and  denoted  !jy  the  letter  o. 
Of  the  two  secondary  axes,  the  Bhorter,  called  tho  brachy- 
di agonal  (a\  will  be  supposed  to  extend  from  left  to 
right;  the  longer,  or  macrod i agonal  (h),  from  bade  to 
front  (j^.  %Bd\  The  relative  lengths  of  the  three  axes  vary 
greatly  in  different  aystals  belonging  to  this  system ;  in 
sulphur,  the  proportion  of  o :  &  :  ff  is  0*81 : 1 :  1*90  ;  in  neutral 
sulphate  of  potassium,  it  is  0*746  :  1  :  0'fi73. 

A  plane  passing  through  any  two  of  the  axes  is  called  a 

principal  section,  and  is  further  distinguished  as  basal 

when  it  passes  through  the  two  sccondmy  axes,  macrodiagonai  when  it  pjisses 

tbrough  the  principal  and  longer  secondary  axis,  braehy diagonal  when  it  passes 

through  the  principal  and  shorter  secondajy  axi^. 

Ffg.  260*  Tho  most  genera)^  and  at  the  same  time  the  simplest  form  of  a 

tri metric  crystal,  whose  faces  meet  tho  axes  at  the  dist<ances  a  b  c 

from  the  centre  is  a  s^rmmetric  eight-sided  pyramid  *  {Jhs.  259, 

2G0),  having  its  summits  at  the  extremities  of  the  axes.     Its  faces 

are  all  Hcalene  triacglcs.     Its  twelve  edges  are  of  three  kinds,  viz, 

four  lateral  edges,  B  C,  situated  in  the  basal  principal  section, 

four  terminal  edges,  A  C,  in  the  macrodiagonai,  and  four  terminal 

edges,  A  B,  in  the  bmohydiagonal  principal  sejition.     All  the 

three  principal  sections  are  rhombuses,  but  with  different  angles. 

Ilcnce  this  form  is  called  a  rhombic  pyramid.     The  six  summits 

are  also  of  tliree  kinds,  viz.  two  terminal  stimmits,  A,  two  lateral 

summits,  B,  at  the  extremities  of  the  brachydiagonal^  and  two 

lateral  summits,  C,  dissimilar  to  the  latter,  at  the  extremities  of 

the  macrodiaeonaL 

The  gener^  symbol  of  a  rhombic  pyramid  is  t 

a    :    i    :    c,  or  P, 

The  particuiar  form  varies  witli  the  ratios  between  the  axes. 
When  two  or  more  rhombic  pyramids  occur  together  in  the 
same  czystal,  they  are  distinguished  by  symbols  similar  to  those 
nscd  in  the  prece<ling  systems. 
If  the  secondary  axes  remain  the  same  and  the  principal  axis  varies,  the  formula 
becomes : 

a    :    b    :    ww?,  or  j?iP, 

•  It  If  Imiwrlanl  to  ctiterve  how  the  irtt«rpreUtion  of  a  cry»Ul!o(rrApki!c  fonnwk  rmrtet  Mccordins  to 
the  law  of  lymmptry  of  the  crjutal,  ih«tt  ■•  to  ♦«!,  accordlnFE  to  Ih*-  »j«.'ni  to  which  It  belougi.  In  tti« 
trlmeiric  tTiKMii.  th«»  fonnuU  d :  6 : c  r<»prp*<^nti  a  figure  with  only  eljrbt  sLlps,  one  In  cftch  octint, 
b«e«Ufe  thedlmen»ioni  of  the  crytUl  behiff  dlfferpnt  !n  th<*  dlreriion*  of  all  three  iiet,  mch  of  ihn 
diftano^  a,  b.  u,  !■  mnwiiTM  *lonjr  one  ax**  onlj  j  hut  kn  the  dimetrlc  if  item,  whGr«e  farm*  Ar»  e^tuiMv 
dereloped  tti  thedlf«ctJoni  of  th*  two  lecondnry  axps,  e*ch  of  ihc  di«t«ure4  it,  6,  mint  b*  «pt  off  on  eiich 
ortho4i»  axes,  whmce  t1ier«  retults  a  flgtjr*  hariii^  iwlce  the  fir<w?iHlirin  iiMmher  of  fac<"»,  that  U  to  Mf, 
tixtd-n  (B  133)  I  and  fn  the  mnrtotrn-tric  *vHem,  which  Includfi  the  fDrra*  ef^ually  developed  In  iti* 
din  rfi  on  of  411  ihrr«  nxft,  thf  proccn  laii  dcscTibt>d  has  to  bo  rrpealed  three  thti»i,  resardtng  each  BaU 
in  turu  s«  a  prinripiil  axil  ;  ht-iicc  reiuki  a  Cgurt'  having  3  X  1C  =  <8  tide*  (p.  JWJ. 
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the  pyramid  beooming  more  acate  or  more  obtuse  in  the  vertical  direction,  according 
uiR  is  greater  or  less  than  1. 

If  the  macrodiagonal  raries,  while  the  other  two  axes  remain  the  same,  the  formula 
becomes: 

a   :    nb   :    c,  or  f  n. 

and  if  the  principal  axis  Tazies  at  the  same  time : 

a   :    nb    :    mc,  or  mPtif 

vhich  represents  pyramids  more  or  less  elongated  in  the  direction  of  the  axis  b^  ac- 
eording  as  it  is  greater  or  smaller.  In  like  manner,  the  yariation  of  the  brachydiagonal 
pTes  the  forms : 

na    :    b   :    mc^  or  m^n. 

When  m  or  n  becomes^  infinite,  the  faces  become  parallel  to  the  principal  or  one  of 
the  seoondazy  axes,  and  indefinitely  elongated  in  the  corresponding  direction. 

a   :    b   :   ooc,  or  ooP 

Rprasents  a  rhombic  prism,  whose  fiiices  meet  the  secondary  axes  at  the  distances  ff,  b 
from  the  eentre  (these  axes  forming  its  diagonals),  and  extend  indefinitely  in  thedireo- 
tkm  of  the  yertical  axes. 

a   :  nb   :    oo  c,  or  oo  Pfi , 
and  na   :    b   :    oo  c,  or  oo  tn 

likewise  represent  indefinite  vertical  prisms,  but  with  dififerent  horizontal  sections 
a   :    cob   I    mc,  or  mPco 

represents,  in  like  manner,  a  series  of  prisms  whose  faces  are  parallel  to  the  macrodia- 
gonal, and  whose  sections  perpendicular  to  that  axis  are  rhombuses,  having  a  and  nuf 
lor  their  diagonals. 

Qoa   :    b   :    me,  or  mPco 

Kpresents  a  series  of  prisms  whose  faces  extend  indefinitely  parallel  to  the  brachydia- 
gonal, and  whose  sections  perpendicular  to  that  axis  are  rhombuses,  having  b  and  m  o 
tar  their  diagonals. 

The  prisms  mPoo  and  fTtFoo ,  whose  faces  are  parallel  to  one  of  the  secondary  axes, 
ue  called  domes  (from  domua,  a  house),  because  they  terminate  the  crystal  in  the 
Tertical  direction  like  pitched  roo&  {see  Jigs.  266 — 268),  and  are  further  distinguished 
IS  macrodiagonal  orbrachydiagonal  domes,  according  to  the  direction  in  which 
they  extend.     The  formula 

a   :     cob   \     ooe,  or   oo^oo 

xfpre^ents  a  pair  of  indefinitely  extended  planes  passing  through  the  extremities  of  the 
mchydiagonal,  and  at  right  angles  thereto^  or  parallel  to  the  macrodiagonal  section ; 
iDd 

00  a    :    b   :    oo  c,  or  oo  f  oo 

represents,  in  like  manner,  a  pair  of  infinitely  extended  planes  parallel  to  the  brachy- 
diagonal section,  and  passing  through  the  extremities  of  the  macrodiagonal 

When  c  «B  o  (whatever  may  be  the  lengths  of  the  secondary  axes),  the  form  is  ro- 
dneed  to  a  single  plane,  the  terminal  face  oP,  parallel  to  the  basal  section. 

The  prisms  and  the  terminal  planes,  being  unclosed  forms,  occur  only  in  combination. 

The  following  table*  exhibits  a  summary  of  all  the  forms  of  the  trimetric  system 

*  TIm  formni*  abor^  given  for  tbfc  and  the  preceding  ijrstemi  are  those  originallj  proposed  by  Nau- 
laaa  andadoptod  bj  Koppaad  many  other  writers.  Dana  uses  similar  formulse.but  shortens  them  bjr 
Tirssiim  th«  P.aod  czpreislnf  infinity  by  tf  or  I,  instead  of  od.    The  primary  form  a :  6 :  c  la  denoted 


^  1;  the  other  forma  in  the  manner  tliown  in  the  foliowiog  table  ^ 


P  -  I 

esP  s  m 

»P  a  I 

mN  =  m% 

mrn  a  mS 

es^oB  a  fffi 

mP  at  =  f//l 

•goo  a  it 

odPod  a  a 

Op  a  0 

TW  «orra»inna  used  to  the  monometric,  dimetric.  and  hexagonal  systems  are  of  similar  charact<>r. 
TWae  formulsr  are  certainly  shorter  than  those  of  Naumunn,  and  the  P  In  the  latter  (or  the  O  in  the 
■seosDecrtc  af  stem)  does  not  add  much  to  the  senie;  but  on  the  other  hand.Naumaan's  formuls  strike 
tkt  ere  bHter  and  are  more  distinct  from  anything  else  in  the  text  than  the  shorter  formal*  of  Dana. 
[For  thr  mode  of  rcprceeotatioo  adopted  by  A 1 1  ler,  see  the  new  edition  of  PkitUp$*»  Mineraiog]f,  by 
w!j^^!SoilW.H.  Miller.    Lbndon.iMl]  ^ 
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m<  I 

IM>1 

oPoD  5^  oP 

P^ 

foo 

mPoo 

oP«    =  oF 

mPn 

Pn 

ml»» 

oP 

«tP 

3 

«*P 

oPji    =  oP 

mPn 

fn 

ot*ao  -  0^ 

iPpao 

too 

[m  denotes  n  multiplier  Taiymg  in  magnitude  from  0  to  co;  n  a  multiplier  raryiiig 
from  1  to  t»  ] :  — 

lrt<  I  IM>1 

00  Pod 

ooP 

oofgo 

Com'blDaUoiLB.  The  pyramids,  pnsms*  domes,  and  end-faces  of  the  triraetric  system 
form  u  large  nuruLer  of  combinations,  of  wHch  the  foUoving  may  be  regardod  as  tlio 
most  important. 

The  terminal  edges  of  the  primary  form  are  acuminated  l>y  tbo&e  of  an  obtnawr 
pyramid  of  equal  base,  the  combination -edges  being  parallel  to  the  lateral  edges  of  the 
primary  fonn^,  as  in^^.  26 1^  which  ia  a  form  of  sulphur*  The  brachy diagonal  dome 
Poo  tnmcates  aymmetrically  the  mocrodiogonal  terminal  eilgea  (fy,  262),  and  in  liko 
manner,  the  macrodiagonal  dome  Pm  produces  symmetricid  truncation  of  the  bracliy- 
diagonal  terminal  edgea,  the  combination-edges  being  in  both  c&sea  parallel  to  each 
other*  Acatcr  and  obt  user  domes  (tinPflo  or  «iPao  ,  for  which  if»*  1)  would  likewise 
replace  the  terminal  edges  wholly  or  partially »  the  combination-edgoa  eonreiiging 
towards  the  terminal  snmmita  when  the  dome  is  mora  acute  than  the  primary  from 
(m  >  1),  and  diTei^ing  in  the  contraty  en»r: 

The  teirminal  summits  of  the  primflry  form  are  tmneated  by  the  baaal  end-faces  oP 
(Jtff.  262) ;  the  macrodiagftnal  summits  by  the  bracby diagonal  end-faces  co^oo  ;  and 
the  brachydiagonal  summit-s  by  tJie  macrodiagonal  end-faces  ocf'as .  If  the«e  two 
p>iirs  of  end-faces  predominate  together  with  t£e  primary  fofnij  the  reaidt  ia  a  combi- 
nation like  fy.  263,  a  form  of  uranic  nitrate. 


%.  26L 


Ft^,  262. 


Fi^.  263. 


The  lateral  edges  of  the  primary  form  are  symmetrically  truncated  by  the  prism 
00 P  having  the  name  basti  or  secondar^r  axes ;  if  the  latter  predominates^  the  pyramid 
P  forms  4-facod  summitd  to  it,  tJio  combination-edges  being  parallel  to  the  base  and 
to  each  other,  as  in  snlphateof  rinc  (fia,  264)  i  but  in  the  combination  of  a  prism  and 
apTtamid  baring  diBerent  bases  {i.  e,  nariog  their  aeeondaiy  axes  in  different  ratio  to 
caeh  other),  tbeeorabimition  edges  are  inclined  to  one  another,  as  in^^,  27 1|  a  form  of 
sulphate  of  potosaium,  which  eibibits  the  combination  of  P  with  citP2. 

The  eilgea  of  a  prism  in  which  tho  macrodiagonal  terminates  (the  acuter  edges  in 
00  P)  are  truncated  by  the  brachydiagonal  end -faces  wPoo,  and  the  brachydiagonal 
edges  by  the  macrodiagonal  end-fac^^s  ooi^oo  {fy.  276).    The  acut43r  edges  of  tbe 

ism,  oDp  are  berelled  oy  the  faces  of  a  prism  aaPn  of  different  transTerse  section 
^e.  g.  by  130^2,  in/<^.  265,  a  form  of  topaz),  in  which  it  may  also  bo  observed  that  the 
JormsP  and  wP,  whieh  have  the  same  base,  form  parallel  combination-e<lge8 ;  whereas 
P  and  ocP2,  which  hare  different  bases,  form  combination-edges  inclined  to  eacli  other. 
In  like  manner,  the  obtuse  angles  of  »P  are  bevelled  by  a  prism  ccPn  of  different  hori- 
eontal  section. 

The  prism  ooP  is  symmetrieidly  truncated  at  the  end  by  oP,  and  it  is  bevelled  by 
a  bnichyiliagonnl  or  macrodiagonal  dome;  the  bcTelling  faces  formed  by  the  nmcro- 
diagonal  dome  real  on  the  prismatic  edges  in  which  tbe  brachydiagonal  terminates,  as 
in  ji^f.  266,  whicb  reprea<*nt*  formate  of  barium ;  and  the  bpTelling  faces  formed  by  a 
bnicliy diagonal  tlome  rest  nu  the  priBmatic  edges  in  which  the  macrodiagonal  termi- 
nates, as  in  acid  nialate  of  calcium  {Jf^.  267). 


pri 
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The  edges  of  ooP  may  also  be  replaced  by  end-faces,  on  which  the  berelling-facos  of 
the  dome  then  rest  Seyeral  domes  of  the  same  kind  may  also  oocnr  together,  as  in 
jSf.  26«,  a  form  of  nitre,  exhibiting  the  fiices  ooP,  oof  oo ,  2f  oo ,  Poo ,  P. 

In  selecting  the  i>riniaz7  form  and  the  principal  axis  of  a  complicated  trimetric  com- 
bination, the  following  considerations  must  be  taken  into  account  When  pyramidal 
and  prismatic  faces  occur  together,  the  pyramid  is  regarded  as  the  primary  fornu  When 


Fig.  266. 


Fig.  267. 


Fig.  268. 


Sw    ••••...p«      . 


MTcral  pyramids  occur  together,  the  most  predominant  is  regarded  as  the  primary 
form,  unless  the  ^rcat^^r  number  of  faces  can  be  more  conyeniently  referred  to  one  ot 
the  other  pyramids.  When  trimetric  crystals  are  bounded  only  by  prismatic  and 
dome-fiioes,  the  predominant  fEu:es  are  regf^ed  as  belonging  to  the  pnsm  or  the  domes 
which  hare  the  simplest  formula  (  odP,  I^oo  ,  or  I^oo  \  and  the  axes  of  the  primary  form 
an  determined  accordingly. 

It  has  already  been  observed  that  the  principal  axis  in  a  trimetric  crystal  is  merely 
Rlatire,  not  absolute,  as  in  the  dimetric  and  hexagonal  systems,  and  that  the  axis  in 
the  direction  of  which  the  crystal  is  most  developed,  or  to  which  the  greater  number  of 
cdfECfl  ar«  parallel,  is  usually  regarded  as  the  pnncipaL  When  crystals  are  partially 
imbedded  in  a  matrix,  or  attached  to  its  surface,  the  most  complet^y  deyeloped  extre- 
mity is  usually  regarded  as  the  upper,  and  the  axes  are  determined  accordingly. 
When  a  crystal  exhibits  only  one  set  of  pyramidal  faces,  these  are  regarded  as  primary, 
and  the  two  axes  which  are  most  neany  equal  are  regarded  as  the  secondary  axes. 
If  a  oystal  exhibits  only  one  pyramid  and  one  kind  of  end-face,  the  axes  are  chosen 
so  that  these  faces  may  be  represented  bv  oP ;  if  it  has  two  kinds  of  end-face  besides 
the  pyramid,  it  will  appear  symmetrically  placed  if  one  kind  of  end-face  is  regarded 
u  od'J^  od,  the  other  as  oof  oo. 

When  a  trimetric  crystal  exhibits  prismatic  faces,  the  axis  to  which  these  faces  are 
parallel  is  usually  regarded  as  the  principal ;  if  it  has  prismatic  faces  parallel  to  several 
axes,  that  ■^»«  is  chosen  as  the  principal  in  the  direction  of  which  the  faces  are  most 
developed.  This  rule  may  often  appear  of  uncertain  application,  because  different 
cmrtalsflf  the  same  substance  may  be  most  developed  in  different  directions ;  but 
vicn  the  eboioe  of  a  principal  axis  has  once  been  made^itmust  be  maintained  through- 
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out  ihc  description  of  tlio  crystal,  howoTOP  much  particular  modificatioM  may  be 
t3eTclope<l  io  other  directions, 

'The  following  nrf  exaiiiplt^s  of  the  determination  of  somewliat  complicated  cryetalB 
bclonja^ing  to  tho  trimetric  system. 

Sulphate  of  pot^sium,  K'SO*,  exliihitn  coomdemhlo  variptj  of  form.  The  cry &I ills 
exhibit,  for  tho  mo«t  port,  the  most  deddr-d  prismatic  developmMit  in  the  direction 
which,  in  the  following  figiures  (269  to  276),  ie  placed  Tertically.  The  primary  form  is 
a  rhomhic  pyramid  c  a  be  a*  {fy*  269),  whoso  ases,  represented  hj  the  dottod  lines,  are 
in  the  proportion  aih  \  e^^  0'7464  :  1  :  0*5  72  7.  Tbia  priiuaiy  form  is  often  modified  by 
th«  faces  of  tho  vertical  prism  oe{*2.  The  horizontal  axes  of  this  prism  arc  2a  and  K 
or»  what  comes  to  the  Bnme  things  a  and  ^b.  Two  of  its  fiuses  will  therefore  pofis  through 
the  points  a^  d  and  a  lino  d  €  dmwn  through  the  middle  point  of  Ob,  puraUel  to 
tho  vertical  axis.^or  at  loast  will  be  porallet  to  planes  bo  drawn,  Jf  thej  pass  exactly 
througli  the  point  fit  and  JA,  they  will  intersect  the  faces  P  in  the  lincfl  a  a,  a*  d^  a  f^ 
a  f,  and  will  produce  a  form  (j»P  -  eoP2  e^^ually  developed)  scarcely  dlstingmshable 
from  a  hexagonal  pyramid.  That  ita  fac^are  really  of  two  kimia  may,  however,  be 
known  from  the  fact  that  the  faces  o©F2  appear  Bometimea  leas,  sometimes  mora 
developed  in  cryst^s  of  tho  Batncsalt,  as  inj^*.  270,  271.  Moreover,  tb©  &ces  oc?2 
in  Jiff.  269  are  iBOficelcs^  while  the  &ce8  P  ai€  Bcalene  triangles ;  and  of  the  kue  edges 
rd,  rff,  tc\  &e.,  lying  in  the  macrodlagonial  pnncipul  section  (which  might  be  taken 
forlatenil  edges  of  a  hexagonal  prism),  two  belong  to  the  prism  ocfri,  and  the  four 
others  are  terminal  edges  of  the  pyramid  T,  The  former  meet  at  an  angle  of  112° 
41',  the  latter  at  112^  22';  the  former  mny  be  replaced  by  clcavage-planGs,  the  latter 
cannot.     Tho  twelve  edgoa,  ea^ca*,  da,  da\  &t ,  wliich  might  bo  taken  for  tho  ter» 


Fig,  260. 


%.  270. 


minal  edges  of  a  hcicngonal  prism  arc  alfo  dissimilar,  four,  viz,  c  a„  ca\  c'n,  c'  a\ 
being  terminal  edges  of  P  situated  in  tho  brachy diagonal  principal  section,  and  tho  rest 
combination -edges  between  P  and  aoP2, 

In  J?^*  272,  the  maenodiagona!  terminal  edgea  of  P  are  truncated  by  the  faces  of  a 
priam  forming  parallel  eombination-edgeP,  therefore  j^oo;  and  the  edges  of  cpp2, 
through  which  t[ie  macrodiagonal  pasties,  are  truncated  hy  oof'  »,  The  combination 
thns  prodncod  is  very  much  like*  the  hexagonal  comhinntion  ocp  ,  P  found  in  quarts 
(Jiff.  238,  p.  139).  Were  this  the  onl}'  known  form  of  sulphate  of  potiissium,  the  axis 
which  iu  Ji/^,  272  appears  as  tho  bnichy diagonal,  would  be  tidten  for  the  principal  axis, 
because  it  is  tho  one  in  which  tho  crystal  exhibits  the  moat  decided  prismatic  develop- 


f^ff.  271. 


Fiff,  272. 


Fig,  273. 
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meut.    This  axis  is,  however,  not  actually  regarded  as  the  principal,  because  a  per* 
fectly  similar  combination  is  known,  viz.  fy.  273  (the  same  as  the  preceding  without 
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Fig.  274.  Fig,  276. 
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P«  ),  in  which  the  prismatio  faces  oof  oo ,  oof  2,  parallel  to  the  vertical  axia,  are  by 
&r  the  most  predominant.  In  fig,  274  the  faces  oof  2  and  f  ao  predominate,  so  that 
the  P-£aoes  become  rerj  small,  but  are  still  lai^e  enough  to  show  that  the  faces  of 
the  TfTtical  prism  do  not  form  horizontal  combination-edges  with  them,  and  conse- 
quently that  this  prism  must  hare  a  different  base  (or  its  secondaiy  axes  in  different 
proportions)  from  V ;  also  that  the  predominant  brachydiugonal  dome  forms  with  P 
eombination-edges  parallel  to  the  macrodiagonal  section  (and  to  each  other),  and 
thi-refore  that  this  dome  is  f  oo  (not  7/if  oo ,  where  m  is  greater  or  less  than  unity). 
The  crystal  has  likewise  small  triangular  faces  belonging  to  a  brachydiagonal  dome 
moTf'.  acute  than  f  oo  ;  angular  measurement  shows  them  to  bo  3f  <» . 

Lastly  in,  fig.  275,  the  primaiy  form  P  is  combined  with  Poo ,  ooFoo ,  oof  ao  which 
faces  are  easily  determined,  and  two  vertical  prisms,  one  of  which  forms  horizontal 
combination-edges  with  P,  and  is  therefore  ooP,  while  the  other  cvi^iently  comes 
aniler  the  formula  oof  w,  and  is  found  by  angular  measurement  to  be  ocf  2. 

A  remarkable  example  of  the  various  directions  in  which  oystals  of  the  same  sub- 
stance may  be  prismatically  developed,  is  afforded  by  native  sulphate  of  barium, 
Ba^!)*.  One  of  its  forms  is  shown  in  fig.  276,  which  exhibits  several  vertical  pris- 
matic £ices ;  and  as  the  same  faces  occur  more  or  less  developed  in  several  other  forms 
of  the  same  substance,  this  axis  is  regarded  as  the  principal  Regarding  the  pyramidal 
£ures  P  as  the  primary  form,  two  domes  may  be  observed,  which  truncate^  symme- 
trically the  acute  and  obtuse  edges  of  P :  these  domes  are  therefore  f  oo  and  P  oo  ;  but 
the  vertical  prism  whose  faces  form  with  P,  combination-edges  not  parallel  to  each 
other,  is  a  secondary  prism  of  the  general  form  ocf »  (where  w  >  1),  because  the  com- 
bination-edges which  it  forms  with  P  diverge  towards  the  macrodiagonal  principal 
section  [a  prism  ocf  w,  in  which  n  <  1  would  form  with  P  combination-ct^es  converging 
tvwanLf  tnat  section].  ATig^^^**^''  measurement  shows  that  this  prism  is  oof  2.  The 
end-face  oc  f  ao  is  known  by  the  horizontality  of  its  combination-edges  with  f  oo. 
The  faces  thus  determined,  oo  f 2,  oo  f  oo,  f  oo,  f  oo,  also  occur  alone  and  with  various 
doprptfs  of  relative  development,  producing  crystab*  of  very  different  character.  The 
£Ke  ocf  2  predominates  in  ;ty.  277 ;  f  oo  in;^.  278 ;  f  oo  in>J^.  279;  and  accordingly 


Fig.  276. 


Fig.  277. 


Fig.  278. 


T^ 


the  combination  is  prismatically  elongated  in  the  direction  of  the  vertical  axis  in  , 
fig.  277,  of  the  brachydiugonal  in  fig.  278,  and  of  the  macrodiagonal  in  fig.  279.    In 
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ihort,  wbicheiTF  axis  may  he  cboscn  as  the  principal,  cry Btals  of  the  mineral  will  La 
foand  which  are  prisraaticallj  elongated  in  f  np  direction  of  one  of  the  seeoadAry  axes. 
Fig,  280  is  a  combination  eimilar  to  Jig.  27 9|  but  without  oel^go  ;  the  dominant  face 


FIff.  279. 


Fi^.  280, 


h  ^i» ,  ai  ill  fg-  278  ;  hut  P«  is  likewise  moro  dereloped ;    oiFS  is  subordinate  aa  in 

Tho  eboic©  of  a  primary  form  and  principal  ams  for  any  mibstance  is  binding,  not 
only  for  all  cpystols  of  that  particular  substance,  but  likewise  for  all  tliat  are  iaoraor* 
phoiQui  with  it ;  thus  tho  crystals  of  cccJestin  (Sr'SO*)  must  be  referred  to  the 


primazT  form  and  principal  axis  m  those  of  heavy  spar  (Ba'SO*),  althotigh  ca^lestin 
generally  exhibits  a  form  like  ^.  280,  prismatieallj  elongafetl  in  the  direction  of  the 
macrodiagOBftl.  The  adTantago  of  refemiifj  all  isomorphous  i^ryatals  to  the  same 
primary  form  and  principal  axis  is,  that  the  corresponding  feces  are  then  mofo  casilj 
niJide  out  and  exprcastvl  by  analogous!  symbols. 

Kemlliedral  Towvm*    Ehomblc  pyramids^  hy  the  growth  of  their  alternate  faces 


Fig.  281* 


Fig.  282. 


•iP 


^4 


till  tho  others  disappear,  gwe  rise  to  rhombic  BphenoTde,  in  the  same  maimer  its 
quadratic  prisms  pioduce  fjuadratic  sph^^nords  (p.  136)*  A  rhombic  sphenoid  la 
bounded  by  four  scalene  tnangles,  and  of  its  six  edged,  only  the  opposite  pairs  are 
eimilar  to  each  other, 

Ehombic  Bphcnoida  have  hitherto  been  obserred  only  m  combination.  A  remazk- 
able  instance  of  such  a  combination  is  exhibited  in  fig*  28 1^  the  ordinary  form  of 
sulphate  of  magnesium  (Mg*SO^  +  7H*0),  in  which  the  vertical  prism  oo  P  ig  termi- 
nated by  dome-shaped  summits  placed  in  opposite  directions  above  and  below.  In 
flolphate  of  zinc  (Zn'SO*  +  7H*0\  which  is  isomorphous  with  sulphate  ofmagnesinm* 
boto  sets  of  alternate  F-faces  appear  together^  but  developed  in  diJerent  degrees,  an  in 
fy.  282. 

aconoellnl^  Bwmtemm 

Monodinomeiric,  M&jwclinohedral,  OMigitf,  OhUqm  prismaiic^  ClinorhondAc^  Avgitic 
lfy$$em  (Zwd'Und  cinffii^driafs^  hrmifdrisck-rhambuch^trimetTiache*  SysUm), 

The  forms  of  this  system  have  three  unwmd  axes,  like  those  of  tJie  rhombic  0jitem» 
but  differ  from  tho  latter  in  having  two  of  tieir  axes  obliquely  inclined  to  one  another, 
while  the  third  is  at  right  angles  to  the  other  two.    Each  of  these  axes  is  a  singular 
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axiB  (p.  120),  and  therefoM  the  choice  of  a  principal  axiR  is  to  a  great  extent  arbitrary, 
as  in  the  zfaoiDbio  syatem ;  bat  it  is  nsual  to  consider  one  of  the  oblioue  axes  as  the 
parincipal,  because  most  oystals  belonging  to  the  syutom  are  prismaticafly  deyelopod  in 
the  direction  of  one  of  these  obUquc  axes.  Of  the  two  secondary  axes,  that  which  is 
obliquely  inclined  to  the  principal  axis  is  called  the  clinodiagonal,  and  that  which 
is  perpendicular  to  the  other  two,  the  orthodiagonal. 

In  representing  monodinic  cr^rstals,  the  secondary  axes  are  supposed  to  be  situated 
in  a  horizontal  plane,  the  clinodiagonal  b  b  {fig.  283)  extending  from  left  to  right,  the 
orthodiagonal  a  a  firom  back  to  £ront,  and  the  pnn-  j^. 

eipal  axis  e  e  fiom  right  above  to  left  below.    In  this  ^*^'  ^^\ 

mode  of  representation,  the  principal  axis  and  clino- 
diagonal appear  of  their  true  relative  lengths,  and 
at  their  true  inclination  (  »  75^  in  the  fig^) ;  but 
the  orthodiagonal  is  fore-shortened  and  appears  ob- 
liqae  to  the  other  two  axes,  though  really  perpendi- 
cmar.  Sections  passing  through  the  planes  of  any  two 
axes  are  called  principal  sections,  as  in  the  pre-  ^i 
ceding  system,  and  are  distinguished  as  basal,  cli- 
nodiagonal, and  orthodiagonal,  according  to 
the  axes  through  which  they  pass. 

For  erezy  monodinic  crystal,  the  ratio  of  the  three 
axes  (the  length  of  the  chnodiagonal  being  taken  as 
nni^)  and  the  inclination  L  of  the  prindpal  axis  to 
the  clinodiagonal,  have  to  be  determined  by  angular 
measurement  and  calculation.  The  value  of  L  varies  considerably  in  different  crystals ; 
in  some  it  is  nearly  90^,  while  in  others  it  differs  considerably  therefrom.  For  ferrous 
sulphate,  aibie  ^  0*848 :  1 :  1-267 ;  JD  »  75^  40';  for  felspar,  a.b.c^  1-519 : 1  : 
0-844;  L  -  630  63'. 

The  primary  form  in  this  system  is  the  monodinic  pyramid  {fig.  283)  bounded 
by  eig^t  scalene  triangular  faces,  which  meet  the  axes  at  the  distances  a,  6,  c  from  the 
centre.  This,  however,  is  not  a  simple  form,  for  its  faces  are  of  two  kinds ;  four  of  them, 
which  are  opposite  to  the  acute  angles  of  the  axial  system  and  meet  in  the  edges  A  above 
and  below,  are  equal  and  similar  to  each  other;  and  the  four  which  are  opposite  to  the 
obtuse  angles  of  the  axes  and  meet  in  the  edges  B,  are  also  equal  and  similar  to  each 
other,  but  unequal  and  dissimilar  to  the  former.  These  two  sets  of  faces  may  occur 
in  combinations  quite  independently  of  each  other,  and  a  monodinic  crystal  may  be 
deavable  in  directions  parallel  to  one  set  of  faces  but  not  to  the  other.  Neither  of 
them  by  itself  constitutes  a  dosed  form;  but  the  four  faces  of  either  set,  if  sufficiently 
extended,  form  an  endless  prism  obliquely  inclined  to  the  prindpal  axis  and  the  clino- 
diagonal. 

A  complete  monodinic  pyramid  has  two  terminal  summits  c  r,  and  four  lateral 
summits,  two  at  the  ends  of  each  secondaiy  axis.  It  has  four  similar  lateral  edges  D, 
joining  the  lateral  summits,  four  similar  terminal  edges  C,  joining  the  extremities  of 
the  prindpal  axis  and  orthodiagonal ;  and  four  other  terminal  edges  joining  the  ends 
of  the  prindpal  axis  and  clinodiagonal,  the  shorter  ones,  A,  being  opposite  to  the  acute 
angles  of  the  axes,  and  the  longer,  B,  opposite  to  the  obtuse  angles. 

The  primary  monodinic  pyramid  is  denoted  by  the  symbol  P ;  but  as  its  two  sets  of 
faces  are  dissimilar,  and  may  occur  independently  of  each  other,  the  four  faces  meeting 
in  the  edees  A  are  denoted  by  +  P,  ana  the  four  which  meet  in  the  edges  B  by  — P ; 
the  dosed  pyramid  containing  all  the  eight  faces  is  +  P. 

From  this  primaiy  form,  others  may  bo  derived^  as  in  the  rhombic  system,  by 
variation  of  the  length  of  cither  of  the  throe  axes.  The  variation  of  the  prindpal 
axis  is  denoted,  as  l^ore,  by  placing  before  the  P  a  multiplier  971,  which  may  have  all 
values  from  o  to  00.  The  variations  of  the  secondary  axes  are  denoted  by  pladng 
after  the  sign  P,  a  number  n,  which  may  have  all  values  from  1  to  oo,  the  formula 
being  endosed  in  brackets  when  the  variation  refers  to  the  clinodiagonal,  not  endosed 
when  it  refers  to  the  orthodiagonal 

m  «■  o  gives  the  end-faces  oP,  which  cut  the  principal  axis  and  are  parallel  to  the 
other  two. 

The  pyramids  mP,  acuter  or  obtnscr  than  the  primary  form,  according  as  m  >  or 
<  1,  have  the  same  base  as  P ;  and,  like  that  form,  have  two  sets  of  faces  distinguished 
as  -f  fliP  and  —  mP.  The  oblique  rhombic  prism  on  the  same  base  as  P,  has  the 
symbol  00  P. 

The  pyramids  mPn,  [fnPnl  and  the  oblique  prisms  oo  Pn,  [  ooPn]  have  rhombic 
bases  differing  in  form  from  that  of  P.  ^  ^ 

^Hie  aymboT  ffliPao  ]  represents  a  series  of  clinodiagonal  domes,  that  is  to  say, 
prisma  whose  tacea  and  edges  are  paralld  to  the  dinodiagonaL  [P  od]  is  the  dino- 
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diagonftl  domo  of  tlio  prinmry  form:  it*  four  faces  are  siniilai',  and  its  tranBrerie 
aeetioiiB  are  rliomhtiBea  Bimilar  to  the  orfhoniiagonal  piindpal  aection,  caca  {Jig,  283), 

mPoo  b  the  BymWl  of  a  series  ofortbodiagonal  domea,  acut«  or  obtuse^  ae- 
cortling  to  tlu^  value  of  w.  Tbt>  four  faces  of  such  a  dome  an?  not  idl  eluiOar ;  two  of 
them,  which  are  opposite  to  the  acute  angles  of  the  axial  sjatem*  are  distiugaiBhed  a« 
•f  m  P  00  ;  the  other  two,  whieh  are  oppo«ite  to  the  obtuse  migltsa  of  the  axml  system, 
as  —  7»  P  00.  Either  of  them  maj  be  present  without  the  other.  +  P  oc  is  the  ortho- 
diagoual  dome  of  the  primary  form ;  its  trauB verse  sectloiifi  are  aimil&r  to  the  dino- 
diugoDul  prineipal  eeetion. 

[  CO  Poo]  repnedents  thtj  clinodiagODiil  cnd-facei^  which  cut  the  orfhoili  agonal 
iind  are  pindlel  to  the  principal  axis  and  cHuodiagonat ;  oe  Pao »  the  orthodiagonal 
eiid-fiice«s  which  cut  the  cliuodiagonal  and  are  parallel  to  the  principal  axis  and  ortho* 
diugonal. 

The  following  is  a  labuhLr  view  of  the  formB  of  the  monoclinic  system  : 


{m<l) 

oPeo  =  oP 

±  mPoo 

+  P« 

oPjt  «  oP 

j-mPn 

±P« 

oP 

t«iP 

±P 

[oPw]  -  oP 
oPoo  ]  -  oP 

+  f  »^Pfl] 
[;/iPoo  ] 

±  [P«] 

[P^] 

(m>l) 
+  mPao 
+  mPn 
±  Jn^ 
±  [mPnl 


eePoD 
ooPn 

odP 
[oDPn] 
]         [  ^^'^  ] 


Comblniitlciiia.  The  monocHnic  system  does  not  include  any  closed  siitaple  forma, 
every  completely  developed  cry«tal  belonging  to  it  being  a  ctimbinaliou  of  dissimilar 
fiioes.  Even  the  monoclinic  pymmid,  P,  is  a  combination  of  two  ht-mipyraniids,  each 
consisting  of  four  faces  Bimilar  to  each  other,  but  diBsimilar  lo  those  of  tho  other  half. 

In  monoclinic,  na  in  rhombic  crystnK  the  fbllowing  rule  is  of  great  m*e  in  deter- 
mining the  relative  positions  of  the  faces :  Any  two  facts  which  cut  two  of  the  ares  at 
pn^pt^titfHoi  dUtanfits  from  the  c^itr^,  form  a  combinati&ii'tdge  j>rtri/iW  to  the  plamcf 
ihm'  axm ;  thus,  two  faces  (such  as  a:  2b:  3c,  or  SP2  and  a:  2h  :  ^c,  or  6P2) 
whii^h  cut  the  ortho-  and  clinodiagonal  proportionaliy,  intersect  in  an  edge  parallel  to 
llie  baiiial  section. 

The  combination  of  the  basal  end-face  oP  witli  the  prism  od  P  {fy.  284),  so  fro- 


Fff,  284. 


Fig.  285. 


qnently  predominates  in  monoclinic  crystals,  that  it  may  be  conveniently  taken  as  the 
starting  point  for  the  description  of  the  rest.  This  combination  is  an  oblique  rhombic 
prism.  The  en  deface  oF  is  set  eynMnetricaUy  on  the  edges  h  situated  in  the  clino* 
dittgonal  Koction,  obliqnoly  on  the  edges  a  in  the  orthodiBj^nal  section.  This  combi- 
nation may  sometimes  Ihj  easily  mistaken  for  a  rhomWhetlron,  namely  when  the 
prismatic  edges  b  are  nearly  equal  to  the  comLiniitioQ-edges  bt*tween  oP  and  ocP. 
Ferrous  sulphate  {Fe*SO*  + 7H^0),  when  part  of  the  iron  is  replaced  by  another 
metal,  an  by  copper,  often  taken  tfie  form  represented  in  Jiff.  286,  which,  if  the  face 
4-  P  oc  ^»e  removed,  and  the  form  of  the  cryatid  completed  in  the  manner  shown  by  the 
dotted  liiie«,  hds  veir  much  the  appearance  of  an  acute  rbomljobedron,  and  has  in  fact 
actually  bcfu  mistaken  for  one.  In  the  rhombohedron,  however,  all  the  faces  are 
eimilar,  and  the  crystals  cleave  with  equal  facility  parallel  to  either  of  them ;  but 
ferrons  sulphate  exhibits  very  distinct  cleavage  pazullel  to  oP,  and  much  less  distinct 
paniUel  to  oc  P.  Moreovi^r,  the  face  oP  maJLefl  with  a&  P  to  the  right  in  front,  an 
angle  of  80°  37',  and  oo  P  to  the  right  in  fi^nt  makes  with  ce  P  to  the  right  behind^  an 
angle  of  82°  21',  whereas  if  the  crystal  were  rhombohcdral,  these  angles  would  bo 

*  OaTiH^i  fpcitioU  (nr  tlic  tnrmt  of  (he  moniH'linlc  iji^ti'in  arc  tbciiim^  a«  Cho»c  forllifi  rbombic  «f»tem 
(•tH-  imir  jifliffp  N.*t).  CIt'l•|^tkl|f  thai  an  acrent  U  \AiiFfil  ovor  all  Diimprah  qr  leU«r»  nUitnttg  to  the  ctiao' 
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equal ;  and  the  face  +  Poo  is  an  isoeceles  triangle  re49ting  symmetrically  on  oP  and 
obliqoely  on  the  two  fiices  ooP,  whereas,  in  a  rhombohedral  crystal,  the  corresponding 
fiu!«  oP  of  the  hexagonal  system  would  be  an  equilateral  triangle  resting  symmetricallj 
on  all  three  hcea. 

The  clinodiagonal  edges  b  of  the  prism  oo  P  are  symmetrically  truncated  by  the 
orthodiagonal  end-faces  ooPoo,  as  in  sugar  {fy.  286).  When  this  combination  is 
developed  at  one  end  only  of  the  orthodiagonal,  it  is  not  easily  distinguished  from  the 

hemihedral  combination  ooP.  -  of  the  trimetric  system,  exhibited  by  sulphate  of 

magnesium  (/^.  281,  p.  160)i  supposing  this  latter  to  be  developed  at  one  extremity 

p 
only  of  the  principal  axis.    The  two  faces  —  of  fy.  281  may  then  exhibit  much  the 

same  character  as  the  faces  oo  P  of  the  oblique  rhombic  prism  (Ju/.  286),  two  faces 
oo  P  of  Jia.  281  being  likewise  situated  like  the  basal  end-faces  oP  of  the  oblique 
prism,  and  the  other  two  like  the  orthodiagonal  end-faces  ooPoo .  The  two  forms  differ 
nowever  in  this  respect,  that  the  four  faces  ooP  of  the  rhombic  prism  are  similar, 
whereas  the  faces  oP  of  the  monodinic  ciysttil  are  dissimilar  to  the  faces  ooPoo . 

The  orthodiagonal  edges  a  of  the  prism  ooP  are  symmetrically  truncated  by  the 
clinodiagonal  end-faces  [  ooPoo  ],  as  in  ferrous  sulphate  {fy.  287),  and  in  acetate  of 
sodium  l/ig,  291). 


Fig.  286. 


Fig.  287. 


Fig.  288. 


f'tg.  289. 


The  combination-edges  between  oP  and  ooPoo  (fy.  286)  are  of  two  kinds,  two  acute 
(the  right  above  and  lefl  below)  and  two  obtuse  (the  left  above  and  right  below).  The 
former  are  truncated  by  the  ■♦•  faces,  the  latter  by  tlie  —  faces  of  the  orthodiagonal 
dome  +  P  00.  Fig.  288,  shows  the  acute  edges  truncated  by  +  Poo ,  a  modification 
often  occurring  in  sugar.  The  four  combination-edges  between  oP  and  [  ooPoo  ]  are 
similar,  and  are  truncated  by  a  clinodiagonal  dome  [Poo  ],  as  in  ferrous  sulpnate 
(fy-  289). 

The  combination-edges  between  oP  and  ooP  (Jig.  284)  are  of  two  kinds,  four  acute 
w  (the  two  right  above  and  the  two  left,  below)  and  four  obtuse  v  (two  left  above  and  two 
right  below).  The  former  are  truncated  by  the  +  faces,  the  latter  by  the  —  faces  of 
a  pyramid  +  P,  having  the  same  ])a8e  as  the  prism.  Fig.  290  shows  the  former  in 
the  combination  ooP.  oP .  +P  of  formate  of  copper;  Jig.  291,  the  latter  in  the  com- 
bination ooP .  oP .  [  ooPoo  ]  .  —  P  of  acetate  of  sodium.  The  +  and  —  faces  of  P 
may  likewise  occur  together,  as  in  the  form  of  ferrous  sulphate  shown  in  Jig.  292 ;  but 
this  is  accidental,  the  occurrence  of  cither  set  of  faces  being  quite  independent  of  that 
of  the  other. 

The  combination-summits  between  oP  and  ocP  (Jig.  284)  are  of  three  kinds.  Four  of 
them,  4r,  situated  in  the  orthodiagonal  principal  section,  are  similar,  and  arc  truncated  by 
the  feces  of  a  clinodiagonal  dome  [P  oo  ],  or  more  generally  [wPoo  ],  as  in  sugar  (fig.  288), 
and  in  ferrous  sulphate  (Jigs.  289,  292).  Of  the  other  four  combination-summits,  y,  r, 
(situated  in  the  chnodiagonal  section),  the  two,  x,  which  are  opposite  to  the  acute  angles 
of  the  axes,  arc  acute,  and  truncated  by  the  •»-  faces  of  uu  ortuodiagonal  dome  •»-  Poo 


154 


CRYSTALLOGRAPHY. 


1^^.290. 


Fig.  291. 


or  •¥  mPao ,  while  the  other  two,  y,  opposite  to  the  obtuse  an^es  of  the  axes,  are  obtuse, 
and  are  tnmcated  by  the  —  fiaces  of  an  orthodiagonal  dome.  Fig.  293  exhibits  the  former 
of  these  modifications,  Jig,  294  the  latter,  and  Jig,  292  both  together.  All  these  are 
forms  of  ferrous  sulphate.  When  the  -i-  and  —  faces  of  the  primary  form  P  occur 
together,  the  terminal  edffes,  C  (Jig,  283),  between  the  principal  axis  and  the  ortho- 
diagonal  may  be  truncated  by  the  clinodiagonal  dome  [Poo  ],  with  formation  of  parallel 
combination-edges,  as  in^i^.  292.  The  terminal  edges  of  P  opposite  the  acute  angles  of 
the  axes  (the  edges  A,  Jig.  283)  are  truncated  by  +  Poo ,  with  formation  of  parallel 
combination-edffes ;  and  those  opposite  to  the  obtuse  angles  of  the  axes  (B,  fia.  283) 
are  replaced  in  like  manner  by  —Poo .  Both  these  modifications  are  seen  in  Jig.  292. 
The   +  and  —  £Eices  of  an  acuter  macrodiagonal  dome  replace  these  summits,  with 


Fig.  292. 


Fig.  294. 
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formation  of  combination-edges  converging  towards  the  extremities  of  the  prindpsl 
axis,  as.m  acetete  of  copper  (^.  296)  and  in  sulphate  of  nickel  and  potassium 
(Jiffs,  296,  297).  In  Jig».  298,  299,  wliich  represent  the  same  combination  of  ferrous 
sulphate,  ooP  .  [  ooPoo]  .  oP  +Poo  .  -Poo  .  -P.  -i  Poo  in  two  diflTerent  positions, 
the  fiBoe  -Poo  is  recognised  by  truncating  the  terminal  edge  between  each  pair  of 
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—  P  Uteu,  with  Mitllel  combination-edges.  In  the  same  fignrefl,  the  fiicee  of  an 
obtaMT  dome  —  |Pao  indoded  in  the  general  fonnnhi  — mPoo  (^ere  «i<  1)  may  be 
leeogniaed  bj  ftnunff  with  two  eontiffaoiu  —  P  faces,  combination-edgea  which  direige 
towinda  the  enda  of  the  piineipal  azu. 

The  orthodiaflonal  edges  of  odP  aie  bevelled  by  the  &cefl  of  a  prism  of  different 
base  [  odPh]  witib  longer  ciinodiagonal,  aa  seen  in  fy,  296,  where  the  bereling  fiicea 
ate  [  aDP2] ;  on  the  other  hand,  the  dinodiafonal  edges  of  ooP  are  bereled  by  the 
&eea  of  a  prism  odPii,  with  longer  orthodiagon^. 

The  ends  of  the  prism  ooP  are  acuminated  by  the  +  an(l  —  faces  of  the  pyramid 
P  with  equal  base,  as  in  gypsom  (Jig.  300).  As  the  faces  +  P  and  —  P  are  qmte  inde- 


Fig.  SOO. 


Fig.  301. 


jPV7,802. 


Fig,  303. 


Fig,  304. 


Fig.  Z06, 


Fig,  806. 


pendent  of  each  other,  one  set  may  be  quite  subordinate  or  even  absent,  in  which  case 
the  opposite  set  of  faces  form  oblique  bevelings  at  the  ends  of  the  prism,  as  in  gypsum, 
ooP  .  -P  .  [  ooPoo  ]  (>^.  302),  and  augite,  ooP  .  +  P  .  [  ooPoo  ]  .  ooPoo  (Jig.  303). 

Faces  of  other  pyramids  likewise  occur  in  monoclinic  combinations,  but  generaUy  of 
such  as  have  the  same  base  as  the  primary  form,  with  a  different  principal  axis ;  those, 
in  short,  which  are  included  in  the  formula  ±fnP ;  thus  borax  ^chibits  the  combina- 
tion odP.ooPoo  .  oP  +P  .  +2P  (Jig.  304). 

The  preceding^  detaib  show  that  monodinic  combinations  generally  exhibit  consider- 
able analogy  to  those  of  the  trimetric  system ;  the  chief  mfference  between  the  two 
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IB  that  in  the  former*  lieraipyramids  and  Uemidomfla  occur,  whereoji  in  the  lutt^r  Uip 
pymmicla  and  domes  are  ^jjcnondly  |ire^^nt  with  all  tht^ir  faces.  A  trimetric  crystal 
properly  placed,  L*xhibiti»  the  fiame  di'velopment  in  front  u  behind,  and  the  same 
to  the  ri^ht  Jia  to  tho  left;  but  a  raauoclinic  eiystal  placed  a»  deficribed  at  ptige  161, 
though  it  pjLhibitfi  the  same  development  aboTo  backwards  aa  abore  forwarda,  ia 
diff<irently  dovelopod  to  the  right  above  and  to  the  left  above. 

The  choice  of  a  principal  axis  is  subject  to  the  same  uncertainty  m  in  the  trimetric 
system,  arising  fi^jm  the  dretim stance  that  difft^w^iit  cryetjils  of  tlie  same  sub&tauco 
may  exhibit  the  greatest  prismatic  development  in  differt'Ut  directions.  An  instance  of 
this  is  itflRjrded  by  the  two  forms  of  felspar  represented  in  J5bs.  30fi,  306,  the  former 
Wing  most  elongated  in  tho  dire?clion  of  the  principal  axis,  the  latter  in  that  of  the 
clinudiagonaL 

Tho  determination  of  moDodinic  crystals  is  affected  with  a  further  ioui«e  of  uncer- 
tainty. In  the  case  of  a  trimetric  crysIaL,  doubt  nmy  exist  as  to  the  choice  of  the  prin- 
cipal oxIb^  and  as  to  the  dimensiona  of  the  primary  form*  !)nt  not  as  to  the  quality  of  the 
Bereral  faces,  t.  *.  whether  they  are  pyramidal,  prismatict  or  terminaL  But  in  a  monodiiue 
cT^'stal,  any  two  similar  faces  may  be  regarded  as  terminal,  or  us  forming  a  hemi-tlome ; 
any  four  similiir  foces  as  fonnlDg  either  a  prism^  or  a  dinodis^nid  dome,  or  a  bemi* 

i>ymmid ;  and  in  fact  the  same  &ces  of  u  monoclinic  crystal  iire  oft^^n  regarded  in  diift- rent 
i gilts  by  different  obBcrvers,  according  to  the  particular  varieties  which  have  eomo 
undtr  tlieir  notice.  If  gypsum  occurred  only  in  the  form  shown  in  fy.  302,  the  faoes 
there  marked  —  P  might  just  as  well  be  regarded  as  belonging  to  a  diuodingonal  dome  ; 
but  the  occurrence  of  the  variety  of  tho  same  aubstance  rt'preaentcd  in^^.  3ul,  renders 
the  former  view  of  theie  fkcet  pr«fi!nibl&  The  only  rule  that  can  be  given  for  these  de- 
terminations is  to  choose  the  axes  and  assign  the  relations  of  the  faces  in  tho  simplest 
possible  mazmer,  having  regard  to  all  the  varieties  of  form  that  a  substiinec  presents. 


Fiff,  307. 


Fig.  308. 


%.  310. 


Monoclinic  crystals  present  a  prismatic,  tabular,  rhombohedral,  or  pj-ramidal  cha- 
racter, according  to  the  predominance  of  particidar  fuceSL  The  prismatic  is  the  pre- 
vailing charact'er,  as  may  be  seen  from  the  instances  already  adduced.  When  the 
three  contorminoua  edges  of  an  oblique  rhumbic  prii^m,  <»P  .  oP,  are  nearly  equal,  the 
combination,  as  already  observed,  has  v^ry  much  tho  aspect  of  a  rhombohcdnm,  bat 
may  be  distinguished  therefipum  by  the  inclinations  of  the  faces,  and  by  the  character 
of  its  modificatjons  ( pp.  1 4 1, 152).  The  tabular  charactex arises  from  the  predominance 
of  the  t*^rniinfd  faces,  aa  in  acetate  of  zinc,  oP  .  cxP  .  +  P.  +2P30  ,  c»P»  (j^.  307). 
where  the  predominant  faces  are  oP,  and  in  ferrous  sulphate^  ^.  306,  where  the  tabular 
form  arises  from  the  predominance  of  +  Poo  ,  as  may  be  seen  by  comparing  thiii  form 
with  Jiff.  309,  which  eontains  the  same  faces,  but  in  difTerent  proportion, 

A  pyramidal  eharacteir  is  often  given  to  raonoeUnic  crystals  by  the  occnrrentce  of  one 
or  more  ho  mi  pyramids,  as  in  gj'psum  (Ji^.  300).  Another  example  is  afforded  by 
ferroQs  sulphate,  which  e^jmetimcs  cr)'stallisfv«»  in  the  form  shown  injfjr*  310,  the  same 
as  fy.  286,  btjt  with  the  fuces  +  Foo  more  developed.  Sulphate  of  nickel  and  potas- 
sium {fi^,  296)  also  assumes  the  pyramidal  form,  fy.  297,  by  the  enlargement  of  the 
faces  +  2  Poo  and  +l\ 

Bemlliedrftl  Vormm,  Aa  the  simple  forms  of  the  monoclinic  system  have  at  moat 
but  four  faces,  hemihedral  forms  are  not  of  fit«^ueiit  occurrence.  The  most  ordinaiy 
c&se  is  that  in  which  the  clinodiagonal  dome  [Poo  ]  is  present  with  only  half  its  faces 
Thus,  in  sugar  (Jiff.  288),  the  two  front  faces  of  J  his  dome,  are  often  present  without  the 
hinder  ones.  In  ordinary  tartaric  acid  aim,  two  faces  of  [  P«>  ]  (tJie  ftoiit  onc«  in  a  given 
(KXiitioii  of  the  crystal)  ore  pre^jent  without  the  oUiery,  whereas  in  anti tartaric  acid 
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(i.  348),  which  differs  from  the  ordinary  acid  only  in  possessing  equal  but  opposite  optical 
rotatory  power,  the  other  two  faces  of  the  some  dome  are  present.  Two  crystals  ex- 
hibiting this  opposite  hemihedral  development  are  related  to  one  another  like  an 
object  and  its  reflected  image,  or,  like  the  two  hands,  or  the  two  halves  of  the  face ; 
thej  ore  similar  but  not  snperposible.  This  hemihedral  relation  is  frequent  in  sub- 
•tancea  possessing  the  power  of  drcolar  polarisation. 

BicUnlo  System* 

Didinotnetrie^  JHdinohfdral^  Hemianorthic  System. — In  this  system,  two  of  the  axes 
are  at  right  angles  to  each  other,  while  the  third  (which  may  be  regarded  as  the 
principal  axis)  is  obKque  to  the  other  two.  The  occurrence  of  diclinic  crystals  has 
not  yet  been  demonstnted  with  certaintv,  and  as  their  simple  forms  and  modes  of 
combination  are  very  similar  to  those  of  the  following  system,  it  is  unnecessary  to 
dwell  upon  them.  The  primary  form  is  a  symmetrical  eight-sided  pyramid,  the  basal 
section  of  which  is  a  rhombus,  and  the  other  two  principal  sections  rhomboids. 

THoUnlo  System. 

Tridinometrie^  Tridinohedral^  Anorthic^  Anorthotypic^  Doubly  oblique  prismatic, 
Qincrkomboidal  System  (EXn-und  eingliedriges,  Tctartoedrisch-rhombiscA'trimetrisches 
System), 

Crystals  of  this  system  have  three  axes,  all  obliquely  inclined  to  each  other,  and  (in 
all  actually  observed  forms)  of  unequal  length.  The  axis  in  the  direction  of  which 
the  crystal  is  for  the  most  part  prismatically  developed,  is  regarded  as  the  principal 
axis  (r),  the  other  two  as  secondary  axes,  the  longer  being  called  the  macro  dia- 
gonal {b\  and  the  shorter  the  brachydiagonal  (a).  In  representing  triclinic 
crystals,  the  secondary  axes  arc  supposed  to  lie  in  a  horizontal  plane,  one  or  the  other 
being  drawn  from  loft  to  right,  accordingly  as  the  peculiarities  of  the  crystal  may  be 
most  conveniently  exhibited. 

For  the  complete  determination  of  a  triclinic  axial  system,  five  magnitudes  must  bo 
given,  viz.  the  lengths  of  two  of  the  axes  referred  to  the  third  as  unity,  and  the  three 
acute  angles  which  they  form  with  each  other ;  and  for  this  determination,  five  inde- 
pendent measurements  of  the  inclinations  of  planes  are  required. 

The  primary  form  in  this  system  is  a  pyramid  whose  faces  cut  the  three  axes  at  the 
distances  a  b  c  from  the  centre.  Fiy,  311  exhibits  such  a  pyramid,  which  may  be  re- 
garded as  the  primary  form  of  sulphate  of  copper  (Cu*SO*  +  6H*0).  a  a  is  the  brachy- 
diagonal, 6  6  the  macrodiagonal,  c  c  the  principal  axis;  a:  b  :  c  ^  1*027  :  1'816  :  1. 
The  acute  angles  of  the  axes  are  a  :  6  «  77°  37' ;  6  :  c  =  82°  21';  a:  c  ^  73°  10'. 

The  eight  faces  of  this  pyramid  are  of  four  kinds,  only  each  pair  of  parallel  faces 
being  similar  to  each  other,  and  each  pair  may  occur  in 
combinations  quite  independently  of  the  rest.     The  six  Fiy,  311. 

Bommits  are  of  three  kinds.  The  three  principal  sections, 
and  indeed  all  sections  parallel  to  any  two  of  the  axes 
are  rhomboids.  Of  the  twelve  edges,  only  the  parallel 
pairs  are  similar. 

Of  the  four  front  faces  of  the  pyramid,  the  right  above 
ii  des^i^ed  by  F,  the  right  below  by  P^,  the  left  above 
by  T,  the  left  below  by  ^ ;  each  of  the  back  faces  is 
designated  by  the  same  symbol  as  the  front  fsLce  to 
which  it  is  parallel 

Other  pyramids  having  the  same  base  as  tho  primary.form  are  denoted  by  the 
general  symbol  mP,  and  those  having  different  bases  by  mPn  and  mPn,  just  as  in  the 
trimetric  system.  Each  of  these  pyramids  has  faces  of  four  kinds,  each  pair  of  parallel 
Ucee  being  independent  of  the  rest,  and  capable  of  occurring  without  them.  The 
several  faces  of  any  individual  pyramid  are  distinguished  as  to  their  position  in  the 
manner  described  for  the  primary  form. 

There  are  also  triclinic  prisms,  ooP,  of  the  same  base  as  the  primary  form ;  also 
prisms  with  different  bases,  ooP»  and  cotn.  Of  the  four  faces  of  those  prisms,  only 
the  parallel  pairs  are  similar,  and  either  pair  ma^  occur  without  the  other.  In  the 
prism  ooP  ^for  a  position  once  determined),  the  right  front  face  and  the  one  behind 
parallel  to  it  are  denoted  by  ooP/,  the  other  two  by  oo^T,  and  similarly  for  the  other 
pnsms. 

Domes  parallel  to  either  of  tho  secondary  axes  are  denoted  by  tho  general  symbols 
siJ^Qo  MnamPco  ;  in  these  also  onl^  tho  opposite  faces  are  similar  to  each  other ;  a 
psir  of  such  &oes  oocnrring  (for  a  given  position  of  the  crystal)  in  front  above  and  at 
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the  back  below  nn*  denoted  bv  the  eymlxjl  m'P'oa ,  or  wi'P'oo  ;  in  ttoni  below^  and 
bobind  aboTe,  bj  w^P^oo ,  or  wP^co  ;  to  the  right  above  and  left  below  by  mj^xt , 
or  mP'co  ;  (o  llu*  left  aboTO  and  right  bolow  by  m'l^jjo  ,  or  f)i'1^^<t> . 

Lastly,  tlii*re  are  tJie  bae^al  end-face»  aP,  the  maerodittgomd  end-faceg  col*  go  ^  and 
the  brae hy diagonal  end-faces  ocPoo  ^  each  pair  of  which  eats  otio  of  the  axos  and  is 
parallel  to  the  other  two,  as  in  the  trimetric  Byatern. 

All  triclinic  crystals  are  oomblnatioas  made  up  of  paira  of  opposiJ^e  faces  of  the 

eimple  formi*.  Each  pair  of  parallel  faces  may 
be  dcaigniited  in  various  wmya,  citJier  us  end- 
faeos,  or  afl  parallel  faces  of  a  prism,  or  of  a 
pyramid*  If^  as  frequently  happens,  three  pairfl 
of  faces  are  predominant,  as  in  Ji^,  312,  the 
npper  and  under  faces  may  be  regnjrded  as  oP, 
the  others  an  od/P  and  wP/,  or  aa  od^os  and 
ocpao . 

Fiffs.  313,  314,  315  represent  three  forms  of 
aulphate  of  copper,  referred  to  the  primary 
farm  represented  in^  31L 
Ftff.  313  consists  of  the  primiiiy  form  modified  by  the  end-faces  ckPos  and  ooP«c  ^ 
and  \h&  hemiprisms  oo  T  and  ccP ',  If,  however,  only  the  F  faces  of  the  primary 
pyramid  are  present  (the  ton  aiid  bottom  faces  in  the  figure),  and  these  faces, 
together  with  the  faces  parallel  to  tUe  principal  axis,  are  extejided  till  they  meet, 
the  result  is  f^.  314,  the  most  common  form  of  solphate  of  copper.  Other  fa<»e6  like* 
wiae  oceuTr  though  Io&b  developed.    In  determining  the  rclatiooj  of  theae*  and  of  tri- 


Fig.  313, 


Fig.  314. 


Fig.  315. 


clinic  combinations  in  general,  the  same  mle  holds  good,  eis  in  the  other  systems,  tjz. 
that  faces  whose  combination- edges  nw*  paraUvl  to  a  principal  section,  cut  the  two 
axea  contained  in  that  section  at  proportional  distances  from  the  centre.  In  Jig,  315 
the  heittidomes  2^^oo  .  f'oo ,  *P<d  ,  2^X^00  ,  and  the  basic  end-fit ce  oP,  which  are  all 
parallel  to  the  bracIiTdiiigonal,  form  with  one  another  and  with  ocPco  combinaLion-edgca 
parallel  to  the  basal  principal  section  ;  oP  forms  with  P*  an  edge  parallel  to  that  be- 
tween P'  and  ooP/.  In  Jkf,  3H,  the  edges  bt-tween  P*  and  coPoo  are  parallel  to  the 
macrodiagonal  principal  section  ;  the  faces  which  (in^.  315)  truncate  Uiese  edgea  cut 
the  principal  axis  and  mncrodia^'onal  in  the  same  proportion  aa  F,  that  is  to  say,  if 
they  are  also  parallel  to  the  bmchydiagonEil,  they  Ix^oug  to  the  dome  ^00 .  The  facfl 
Jl^'<x>  is  recognised  by  this  charneter.  2^F'oq  tmneates  the  (acute)  edges  betwe«en  P' 
and  OD^T,  The  edges  between  P'  and  cnPao  are  ptirnllel  to  the  brachydiagonal  prin- 
cipal section;  in  fy.  315  they  are  mrtly  truncated  by  the  faces  of  a  pyramid,  2F% 
which  cut-s  the  principal  nxls  and  brachy diagonal  in  the  same  proportion  as  the 
primary  form ;  instead  of  these  faces,  or  together  with  them,  are  sometimes  found  the 
faces  3P3. 

The  edges  between  the  end-faces  parallel  to  the  principal  axis  and  the  acyaeent 
prianiatie  faces  are  dissimilar,  and  either  may  be  modified  without  the  other.     Thus,  in 

^  "       ~*  are  often  truncated  by 

;  sijnilarly,  two  face9 

between   ooPao  and 
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Acgreffttttoos  of  Crystals. 

Crystals  of  the  same  sobstanoe  are  freqaently  united  in  gronpe,  sometimes  regularl  v, 
sometimes  izregalarly.  Aluni  often  forms  gronps  of  crystals  regularly  combined  in 
the  manner  shown  in  pgi,  316,  817,  the  octahedrons  b^ng  united  with  their  edges 
panllel  to  each  other. 

Aggregations  of  cubes  end  to  end,  so  ss  to  form  elongated  prisms,  are  also  of  fre- 
<{aent  occurrence^  as  in  chloride  of  potassium,  which,  under  peculiar  circumstances, 
has  been  seen  to  form  thin  silky  threads,  like  tufts  of  cotton  grass,  made  up  of  micro- 
soupic  cubes  (Warington,  Chem.  Soc  Qu.  J.  yiii.  31).  Chloride  of  sooium  some- 
'*    ^  crystallises  in  sudi  a  manner  that  four  such  prismatic  aggregates  of  cubes  unite 

Fig.  8l6.  Fig.  317. 


together  by  their  extremities,  fbnning  a  hollow  frame,  and  on  this  frame  smaller  ones 
gunilariy  constituted  are  successiTcly  built  up,  till  a  four^sided  pyramid  is  produced, 
eompoeed  wholly  of  little  cubes ;  sometimes  again  it  assumes  the  uivorted  position,  like 
afimneL 

Oronpe  of  crystals  (excepting  when  formed  of  cubes  or  prisms  laid  end  to  end)  may 
always  be  distinguished  from  single  crystals  by  presenting  re-entering  angles  (^«.  316, 
317).  Sometimes,  however,  the  re-entering  angles  are  so  shallow  as  not  to  be  percepti- 
ble without  the  use  of  highly  magnifying  powers;  the  crystal  then  appears  striated. 
Suppoee,  for  example,  the  number  of  octahedrons  united  as  in  ^.  316,  to  be  so  much 
increased,  and  the  distance  between  the  horizontal  parallel  edges  proportionately  di- 
minished, that  the  individual  crystals  can  no  longer  be  distinguished.  The  mass  would 
then  present  the  appearance  of  an  octahedron  having  its  horizontal  edges  replaced  by 
prioDatic  faces,  and  those  faces  horizontally  striated.  Such  striations,  which  are  fre- 
quently observed  on  the  faces  of  natural  crystals,  afford  good  indications  of  the  internal 
■Inietiire  of  the  crystal,  and  of  the  manner  in  which  it  has  been  formed  by  the  juxta* 
poaitioii  of  successive  layers. 

Twin  Crystals. 

When  two  crystals  are  regularly  aggregated,  but  not  according  to  the  parallel  mode 
of  arrangement  just  described,  they  are  called  twins  or  macles;  twins  by  contact, 
if  the  two  individuals  extend  only  to  the  plane  of  junction ;  twins  by  intersection,  if 
each  of  them  is  continued  beyond  this  plane  and  through  the  substance  of  the  other. 
The  plane  of  junction  is  always  parallel  to  a  face  of  the  crystal  either  actual  or  possible, 
and  one  of  the  crystab  is  turned  from  its  original  position  through  an  angle  of  180^, 
round  an  axis  perpendicular  to  the  plane  of  junction. 

The  two  crystals  thus  united  are  seldom  fully  developed,  but  for  the  most  part 
only  firagments  of  an  ideal  crystal ;  in  many  cases,  each  of  them  is  the  half  of  a  com- 
pletely developed  crystal,  and  then  the  combination  is  called  ahemitrope;  such  a^- 
pegates  may  be  supposed  to  be  produced  by  cutting  a  perfectly  developed  crystal  in 
halves  paraUel  to  one  of  its  feces,  and  turning  one  of  the  halves  through  an  angle  of  180^. 

In  the  regular  system,  twin  crystals  of  this  kind  arc  found  tearing  this  relation 
to  the  regular  octahedron,  as  shown  in  the  annexed  figures,  where,  if  wo  suppose  the 
octahedron  ijig,  318)  to  be  cut  in  two  by  the  horizon^  plane  indicated  by  the  dotted 
lines,  and  the  upper  fragment  turned  half  round,  the  twin  crystal  {fig.  319)  will  be 
produced ;  examples  of  this  arrangement  are  found  in  nitrate  of  lead,  alum,  magnetic 
iron  ore,  spinel,  &c  Hemitropes  also  occur  formed  in  like  manner  from  the  cube, 
regular  dodecahedron,  and  tetrakis-hexahedron ;  an  example  of  the  last  is  found  in 
native  copper. 

In  most  eases,  twin-crystals  thus  formed  may  be  distinguished  from  simple  crj-stabi 
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bj  the  oecTirrenco  of  rc-eiiteriiif*  niigU^;  uudpr  poealiai"  circnm stances^  however,  twins 
may  be  formed  without  riieiitoring  auglcs,  as  in  some  cusrs  when  each  indivftiuai  is 
BtiiaMer  than  the  half  of  the  ideally  perfect  crjgtAl,  or  when  the  plane  of  junction  ist  nt 
right  angles  to  the  fuee^j  tkrongh  which  it  passeSf  aa  ia  some  cases  of  twin-foniuition 
frgm  the  regular  dodecahedron.    (Sec  Kojfp'a  Krystallograjthie,  p.  87.) 


Fig,  31S, 


Fig.  319. 


InterBQctinj^  twins  ore  ofl^^n  formed  from  tho  cub«  (a»  m  ilizor-apor^  galeDA*  stl- 
ammoniac,  cMonde  of  potasaium,  &c.),  the  phme  of  jtuiction  (passing  through  the  fix 
reentering  angles  Bituatod  in  ooo  plane)  being  situ  at ed  Hte  the  fuce  of  an  octahe- 
dron {jig.  320),  In  these  twin«,  and  in  all  tJio«e  which  are  derived  from  the  holoho- 
dral  forma  of  the  regular  Bystcm,  the  individual  crystals  are  intergrown  in  such  a 
manner  that  their  axi^  sjtfCenui  are  not  pioallel  to  one  another  \  indeod,  two  holohedjitl 


Fig.  320. 


Fig.  321. 


formSj  so  long  as  their  axes  pomain  parallel,  can  only  unite  so  as  to  form  a^rgrrogatea 
like  those  represented  in  Jigs.  316,  317  ;  as  soon  as  they  are  brought  togt'ther  in  such  a 
manner  as  to  haTC  a  common  eeiitfe  and  paralli*!  axes,  they  coincide  al together.  hu% 
hemihodral  ciysttda  ofte>n  form  intersecting  twins,  with  parallel  system  of  axes^  like  the 
two  tetrahedrons  mjig»  321,  becauBC,  though  tho  oica  are  parallelj  the  faces  may  lie 
in  opposite  direetiona. 


Fig,  322. 


Fig.  323. 
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In  the  dime  trie  or  quadratic  system,  twin^cryatalsoccurboth  with  parallel  and 
non-pjrallel  systema  of  axes.  The  former  occur  buf  rarely^  and,  as  already  explaine<l, 
only  in  heniihcdrallonna.    In t«i'»ecting twins,  like/*/.  321,  are  somctinies formed  from 

P 

quadratic  aphcroYds,  h^  -^  ,  as  in  copper  pyrites.    The  same  min<fnd  also  furms  hemi- 
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tropic  crystalii,  like  fg.  319,  derired  from  the  quadratic  pyramid  +  -^  and  — - 

equally  dereloped,  which  haa  the  same  nhape  as  tho  regular  octahedron. 

But  thA  most  frequent  twin-formation  in  the  quadratic  system  is  that  formed  by 
two  crystala  united  by  a  face  parallel  \o  Poo ,  one  of  them  being  turned  half  round. 
¥ig.  3*22  is  a  form  of  tin-stone,  ooP  .  P  .  ooPoo  .  Poo .  If  this  ciystal  be  divided  iu 
the  middle  by  a  plane  parallel  to  Poo ,  and  the  lower  half  turned  through  an  angle  of 
180^,  the  form  represented  in  >^.  323  will  be  produced. 


Vlg,  324. 


Fig,  326. 
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/s^c:^. 


In  the  hexaeonal  system,  intersecting  twins  are  formed  by  two  rhombohedrons 
penetrating  each  other  like  the 


Fig,  326. 


Fig.  327. 


cubes  in  jig,  320,  and  having  the 
face  oP  in  common ;  this  form  ia 
exhibited  by  chabasite.  Contact 
twina  are  exhibited  by  several 
fonna  of  calcspar;  thus,  if  we 
suppose  the  crystal  represented 
in  fitt.  324  to  be  cut  through  the 
mid^Ile  by  a  horixontal  plane,  and 
the  lower  half  turned  half  round, 
a  hemitropic  form  will  result,  like 
that  in  fig,  325,  which  haa  tho 
peculiarity  of  not  exhibiting  any 
re-ent<>ring  angles.  The  scale-- 
nohedron  \fig,  326),  cut  through 
the  middle  and  turned  half  round, 
yields  the  form  shown  in  jig,  327, 
which  is  often  very  regularly  de- 
veloped in  calcspar. 

In  thetrimetricorrhombic 
system,  twin  cxystals  with  paral- 
lel axial  systems  are  of  very  rare 
occurrence.  In  those  with  non- 
parallel  axes,  the  cnrstals  are 
generally  united  by  a  uce  of  the 
prism  ooP,  or  of  the  macrodiagonal  dome  Poo ,  or  of  the  brachydiagonal  dome  l^oo . 
Fig.  328  shows  tho  combination  ooP .  oof  oo  .  Poo  occurring  in  arragonitc.  If  we 
suppose  this  form  cut  in  halves  by  a  plane  parallel  to  the  left  front  face  ooP,  and  the 
K*ft  hand  fragment  turned  through  180^,  the  hemitrope  {fig,  329),  which  often  occurs 
in  arragonite,  will  be  produced.  The  re-entering  angle  between  the  two  front  faces 
otf  00  ia,  however,  frequently  overgrown  by  the  enlargement  of  the  adjacent  faces  ooP. 

If  we  nippose  the  combination  P .  Jr  oo  .  oo  1^2,  occurring  in  sulphate  of  potas- 
sium {fig.  330  without  the  fitce  3i^ao  ),  to  be  halved  parallel  to  the  face  f  oo  in  fVt>nt 
below,  and  the  lower  half  turned  round  180^,  the  hemitrope,  jig,  331,  will  result, 
which  is  a  common  form  of  sulphate  of  potasoium. 

In  the  monoclinic  system,  as  hemihednd  forms  are  very  rare,  nearly  all  the  twin 
crystals  which  occur  are  such  as  have  their  axial  systems  not  paralleL  The  contact 
face  is  almost  always  parallel  to  the  orthodiagonal  and  one  of  the  obliquely  in- 
clined axes,  liiat  is  to  say,  either  to  tho  orthcKliagonal  end-faces  oo  Poo ,  or  to  the 
basie  end-fiiice  oP.    The  twins  are  for  the  most  part  contact  twins. 
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Fig.  828. 


Fig,  329. 


Tho  twins  whose  contact-face  is  parallel  to  ooPoo  are  often  composed  of  indiridiials 
which  appear  like  the  halves  of  vory  ro^lnr  crystals.  If  we  imagine  the  forms  repre- 
sented by  fig,  332  (gypsam^  fig*  334  (ferrieyanide  of  potassium),  and/y.  336  (avgite). 
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to  be  cnt  in  halves  by  planes  passing  through  the  orthodiagonal  and  principal  axis, 
and  ono  half  of  the  cinrstal  turned  through  an  angle  of  180^,  the  first  will  produce 
Jig,  333,  the  second,  fig,  335,  and  the  third,  fig,  337,  twin  formations  of  frequent 
oocoiTence  in  the  substances  above  mentioned. 

In  many  instances,  the  two  half«-cr}'8tal8  composing  a  hemitrope  formed  in  this 
manner,  are  not  such  as  can  be  derivr^d  from  the  name,  but  belong  to  different 
crystals.     An  example  of  this  mode  of  formation  is  presented  by  fohtpar  (orthoclasc). 


Fig,  338. 


Fig,  339. 


Fig,  340. 


Fig,  341. 


If  the  combination,  ooP.  [ooPoo]  .oP.  +  2Pao  {fig.  338),  exhibited  by  this  mineral 
be  supposed  to  reTolre  through  18(P  round  a  line  a  6,  perpendicular  to  the  ortho- 
diagonal  section,  it  will  be  brought  into  Xhb  position  shown  \nfig.  339.  Thpse  two 
cxystals  (which  we  will  denoto  by  ^  and  q)  are,  therefore,  in  the  relative  positions  re- 

2uired  for  the  formation  of  a  twin  crystal,  according  to  the  manner  under  consideration, 
(ut  the  mode  in  which  they  actually  unite  is  this :  Supposing  each  crystal  to  l>o  cut  in 
halves  through  the  clinodiagonal  section  (as  indicated  by  the  dotted  lines),  the  front 
half  of />  unites  with  the  back  half  of  y,  producing/^.  340,  and  the  back  half  of /?  with 
the  front  half  of  y,  producing  y^.  341.  The  two  twin  crj'stala  thus  produced  are  re- 
lated to  one  another  in  form  just  like  an  object  and  its  image  reflected  in  a  mirror. 

In  all  the  preceding  twin  formations  of  the  monoclinic  system,  the  principal  axes  of 
the  individual  crystal  remain  parallel,  though  the  secondary  axes  do  not.  When, 
however,  the  contact-faces  are  parallel  to  the  basal  end-fucc  oP,  the  principal  axes  of 
the  two  halves  do  not  remain  parallel ;  such  a  mode  of  union  is  exhibited  by  acetate 
of  copper  {Jig.  342).    If  this  oystal  bo  cut  in  halves  parallel  to  oP,  and  the  lower 


Fig.Z\2, 


Fig.  343. 


half  turned  round  throneh  180^,  the  result  Is  the  hemitropic  crystal  shown  in  fig.  343. 
If  the  development  of  each  crvstallinp  fragment  be  continued  beyond  the  contact  plane, 
an  intersection  twin  will  result ;  such  a  mode  of  formation  is  exhibited  by  sphene. 

In  the  triclinic  system,  twin  crystals  are  of  somewhat  rare  occurrence;  an  example 
is,  however,  afforded  by  triclinic  felspar  (albite).  The  contact-fieice  is  in  many  cases 
parallel  to  oePoo  (corresponding  to  ooPoo  in  monoclinic  felspar)^  and  then  twins  are 
podaced  Teaeinblmgfigs.  340, 341.  In  other  cases,  it  is  parallel  to  oof  oo  (correspond- 
ug  to  [  ooPoo  ]  in  monoclinic  felspar),  and  these  last-mentioned  twins  exhibit  the  tri- 
clinic character  very  clearly.  If  a  crystal  of  monoclinic  felspar  be  cut  in  halves 
through  the  clinodiap>nal  principal  section,  and  one  half  turned  round  through  180^, 
the  crystal  still  exhibits  the  same  form  as  before  ;  for  the  portions  of  the  oP  faces 
thus  brought  together  fidl  into  one  plane,  as  also  do  the  contiguous  portions  of  ^e 
laces  2Pao .  But  if  a  crystal  of  triclinic  felspar  {fig.  344),  in  which  oP  is  obh'que  to 
otP» ,  be  thus  divided  through  the  brachydiagonal  section  (as  indicated  by  the  dotted 
liiMi),  And  one  half  tamed  round  through  180^,  a  hemitropic  cnrstal  {fig.  346)  will  be 
fonned,  in  which  one  end  (the  upper  end  in  the  figure),  oP,  of  the  one  half  forms  with 
QP  of  thtf  oihM  \aH  a  ro-entering  angle  of  173^  48';  and  .Foo  Ibnns  with  ,Fao  a  re- 

M2 


164 


CRYSTALLOGRAPHY. 


tig,  844. 


Fig.  346. 


entering  angle  of  175^  12',  whilst  at  the  other  end,  the  correBponding  faces  are  inclined 
to  one  another  in  projecting  angles  of  the  same  magnitude. 

Twins  also  occur  in  the  tridinic  system,  in  which  the  indiriduals  are  united  by  a 
&ce  parallel  to  oP. 

ZmperDBOt  and  IMstorted  Crystals. 

Crystals  are  often  imperfectly  developed,  or  not  bounded  all  round  by  crystalline 
faces,  in  consequence  of  being  attached  on  the  side  to  a  matrix  or  to  the  surface  of  a 
ressel ;  and  in  very  many  cases  they  are  distorted,  that  is  to  say,  some  of  their 
similar  fiices  are  more  developed  than  others,  and  may  thus  acquire  even  a  different 
form.  In  all  cases,  however,  their  inclination  to  each  other  and  to  the  axes  remains 
unaltered.  Every  distorted  crystal  may  be  referred  to  a  regular  form,  by  supposing 
certain  faces  of  the  latter  to  approach  nearer  to  the  centre  thui  the  rest,  or  slices  to  bo 
cut  from  the  crystal  parallel  to  certain  &ces. 

Octahedral  crvstals  of  Uie  regular  system,  such  as  alum,  often  exhibit  only  one 
complete  octahedral  face,  the  crystal  having  grown  to  the  surface  of  the  vessel  by  the 


Fig.  346. 


Fig,  347. 


Fig,  348. 


Fig,  349. 


face  fl  6  c  d  ef  (fig.  346)  so  that  the  portion  below  that  pkno  has  not  been  developed  ; 
n:.^TS  ''''ili?l"S'^'  of  the  crystal,  shown  in  fia.  347,  is  developed,  as  if  The  (^I 
hedion  (fig.  846)  bad  been  shcod  parallel  to  the  right  front  face  O,  iindicated  by  the 
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dotted  lines.  Nitrate  of  lead,  which  crystallises  in  the  niiddlu  form  betwo<^n  the  cube 
and  octahedron  {fi^.  176)|  often  exhibits  only  portions  of  this  form,  Kkc  that  bounded 
hj  the  thick  linee  in^.  348,  the  crystal  having  grown  to  the  surface  of  the  yessel  by 
the  plane  ah  c  d  ^/parallel  to  0. 

Cubic  CT^-stals  are  often  reduced  to  square  plates  by  being  less  developed  in  the 
direction  of  one  axis  than  of  the  other  two ;  sometimes  again  they  are  more  or  \ees 
elongated  in  the  direction  of  one  axis,  as  if  a  number  of  cubes  had  grown  together  by 
their  faces,  and  thus  acquire  the  appearance  of  elongated  square  prisms  (p.  169). 

Octahedral  crystals  abo  are  sometimes  elongated  in  the  direction  of  a  line  joining  the 
middle  points  of  two  of  their  opposite  &ces,  as  shown  \nfig.  349,  where  the  thin  Tines 
represent  the  ideal  octahedron  and  the  thick  lines  the  distorted  form.  This  distortion, 
which  is  seen  in  chrome-alum  and  nitnite  of  lead,  gives  the  crystal  the  appearance  of 
a  rhombic  prism  bevelled  at  its  extremitii'S  by  the  triangular  faces  resting  perpendicn- 
Itfly  on  the  acute  edges  of  the  prism,  like  Jig,  267,  p.  147. 

Similar  imperfections  and  distortions  occur  in  crystals  belonging  to  the  other  systems. 
Aqaadratic  pyramid  {Jtg,  217»  p.  133)  may  be  shortened  or  elongated  in  the  f 


Fig.  350. 


Fig,  361. 


minner  as  the  regular  octahedron,  exhibitinff  forms  like  figa,  347  and  340.  The  com- 
bination of  P  and  odPoo  equally  developed  {fig.  360),  which  is  the  normal  form  of 
potaMio-capric  chloride,  often  uppears  distorted  in  the  manner  shown  in  fig.  361,  by 
elongation  in  the  direction  of  a  terminal  edge  of  the  pyramid,  tliereby  acquiring  the 
appearance  of  a  hexagonal  prism  with  trihedral  summits. 

Qoartx,  the  normal  f(»rm  of  which  is  a  hexa^o  nal  prism  with  p}Tamidal  summits 
P.  «P  (fig.  154,  p.  117),  seldom  or  never  exhibits  this  form  in  perfect  regularity,  some 
of  the  facetf  being  more  developed  than  others,  as  shown  in  fi^,  362.  Khombohedrons 
also  are  often  reduced  to  plates  by  shortening  in  one  direction  between  two  parallel 
£ires,  or  elongated  to  prisms  by  abnormal  development  in  the  direction  of  one  of  the 
edges. 

Fig,  362.  Fig,  363. 


Fig,  364. 


In  the  t  rimetric  or  rhombic  system,  the  most  common  distortion  arises  from  the 
uieqiisl  development  of  the  four  faces  of  a  prism  ooP,  two  of  them  being  larger  and 
nearer  to  the  centre  than  the  rest,  so  that  the  transverse  section,  and  the  end-fiice  in 
the  combination  ooP .  oP,  is  altered  from  a  rhombus  to  a  rhomlioid.  The  true 
chamet«r  of  the  crystal,  may,  however,  be  recognised  in  soch  cases  by  the  cleavage 
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and  by  the  modi fioat ions.  The  crj*8tiil,  if  dr^aTtible  parallel  to  the  prismatic  Ikecs, 
fcpltta  as  easily  ia  the  tliret-'tion  of  the  smtiUor  as  of  the  lurii^er  of  thes«  faces.  If  an 
tmlgc  of  tho  distorted  prism  is  truncated,  the  trim  cation -fat-'c  la  tii^iiaUj  inclined  to  tho 
two  adJa<!^ont.  face.%  ooP^  and  if  its  cmls  are  beveled  by  domes,  the  faces  of  the  doiaen 
are  likewiHe  equally  inclined  to  the  two  [irismatic  faces. 

Monoclinio  crystals  exhibit  similar  distorfioni*;  iudeed  the  laces  of  an  oblique 
rhombic  prism  are  almost  always  unoqually  distant  from  the  epntre»  so  that  the  tranfl' 
Tt»r9i3  B^ction  becomes  a  rhomboid  iiiBteiad  of  a  rhombus.  Cryst-ala  of  ferrous  sul- 
phato  of  the  norma!  fonn  shown  in  Jt^.  353  are  often  distorted  in  such  a  manner  that 
two  paralltil  fac€«  ocP  and  the  basic  end-fiices  oP  are  very  much  dc^veloped  in  one 
direction,  producing  the  form  ahown  in  fy,  334 ;  if  the  crystal  is  develo{>ed  on  one  aide 
only  and  attached  on  the  other,  the  di^culty  of  Tecognising  it  is  of  course  coD^iderably 
increased. 

Curvature  of  Cr^stah.—TliQ  surfaceti  of  cryatala  are  eometimes  carved,  in  ooiuie- 
Quenco  of  curvature  in  the  laminae  of  which  the  CEjBtal  iu  made  up.  Crystals  of 
diamond  often  hare  their  facea  curved  to  such  an  e>xt«nt,  aa  t^o  make  them  appear 
almost  like  spheres.  More  fhsjucntly,  a  convex  surface  is  opposite  and  parallel  to  a 
eoncave  surface.  This  kind  of  distortion  ia  seen  in  spathic  iron,  the  cryatala  of  which  are 
aomedmes  fiaddle- shaped,  in  conseqnonce  of  several  curvature  occurring  in  the  same 
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Another  kind  of  curvattire  ia  Bf«n  in  prismatic  and  agpTPgated  crystals,  and  h  efp^ 
cially  freqwent  in  such  as  are  implanted  or  imbL^lded,  Fitj,  356  exhil»it'?  thin  kind  of 
distortion  as  seen  in  quarbs,  Six-sidid  jiri^^ma  of  cnltHte  and  priHraatic  cryatala  of 
gypsum  arc  sometimes  curved  in  a  aowiewhat  similar  manner. 

In  many  species,  the  ery.stida  appear  as  if  Ihey  had  been  broken  transversely  into 
peveral  pieces^  a  slight  displacement  of  which  hnn  pven  a  cnned  form  to  tlie  pnani. 
Ttii.H  ift  common  in  tounnalin  and  her}!.  The  beryls  of  Monroe  County^  Connecticut, 
oftvti  pre«ient  ititrmaptod  curvatures,  as  shown  in  Jtg.  35fi.     (Dana.) 

Most  of  tho  du9t4>rtion?t  above  deKcrilit'd  oeca«ion  no  change  in  the  inclinations  of  the 
Hc96  of  cr}stal8.  But  those  imperfeetiona  which  produce  curvinl  or  striated  faces 
aeoeMarily  lead  to  vtiriationa  in  tiie  aii|y;li^.  The  HurfiUfS  of  lai>J!t^  er}'stals  ot>i>n  have 
a  eewnposit©  character,  appearing^  when  examined  by  a  magnifyinj^  ^huss,  a.«  if  tht-rts 
had  been  a  tendency  to  tho  formation  of  timaller  crystals  while  the  cryHtal  wm 
growing.  Octahe^lnios  of  fltior-sf«ir  sometimes  have  their  faces  made  up  of  little  en  be:*, 
^ach  a  cause  proilnce*i  more  or  Ichh  irregularity  in  the  planes  and  their  inclinutiens. 
Variations  of  form  and  anj^ar  ma|i^tntude  also  ariae  from  the  presence  of  foreign 
parti ele«t  entan^^lwl  in  the  crista  11  iMiig  mineral.  Even  the  pri^M^nee  of  foreign  in- 
gre^lieuts  in  jsolution  when  tho  crystalliyation  ifl  going  on,  Hi'ems  often  to  aifect  the 
angles,  and  such  ingredients  may  be  inetmled  in  the  crystal  T.rithout  beiiig  at  all 
apparent,  except  on  aniilynisi.  According  to  Baudrimont*H  meaiturenients  of  c^cspar^ 
the  rhombs  of  this  minertd  seldom  lukvu  the  three  angles  at  their  Banimits  exactly 
eqmd. 

The  imperfoctionfl  mud  distortions  of  crystals  often  present  great  obstaclos  to  tho 
determiuatiotis  of  c-rvi^talline  forms,  and  even,  as  alrea<ly  observed,  of  tho  system  to 
which  a  cnp-^atal  bd':'n^hi.  In  most  CJLseftt  angular  mcjiMurement  may  be  safely  relied 
on;  but  e%'en  this  method,  in  coni*equonco  of  the  di.sturbing  causes  just  noticed^  may 
sometimes  lead  to  erroneous  resultH.  In  all  <»hs*'S,  however,  excepting  in  some  of  the 
grosser  distortiouit,  tho  eharactrr  of  the  modiHcatiors  atftjnis  an  unerring  guide  to  the 
system  to  which  a  crystal  hehmgH,  the  genervil  law  wldch  j^overns  them  Iteing,  that 
like  parts  of  a  cry Htal  are  similarly,  onlik**  parts  dtBHJmibrly  nnxiiliiHl  This  principle, 
already  developed  at  .'*onjt*  length  in  the  (b'i!it'ri[>tionH  of  the  several  system!*,  may  Im* 
further  ehit'id;itrd  and  racilitated  in  application  by  the  following  tabic  t^iken  imm 
DanaU  Mincralofji/,  L  123. 
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Table  of  Modifications  of  Crystals, 

I.  All  edges  modified  alike.  7  «#  „     .  o    a 

«.  Angle*  tnincated  or  replaced  by  3  or  6  similar  planes,  i  Mohometric  Sjstem. 

f    Number  of  similar  planes  at  extremities  of  crystal.  3  or  some  mul-  )  Hbxaoonal 
UpleofS.  ^  j  System. 


1.  All  edges  «o# 
BNMlMed  alike. 

of  the  angles  trun- 
cated or  replaced 
bv  three  or  six 
•untlar  planet. 


front  not  similar  to  1  **npo«»»We.  J 

the  corresponding  ] 
inferior  in  rroiit  or  j 
tupcrior  beliind.         \\ 


Noraberoftlmi- 
lar  planes  at  ex- 
tremities of  cryftai 
neither  8  nor  a' 
multiple  of  3. 


,  Two  a4iaeent  or  two  ap»  1 
\proximaU  simple  planes 
^possible.  ] 


Triclinic 
System. 

MONOCUNIO 

System. 


N.  B.  The  right  rhomboidaj  prism  on  its  rhomboidal  base 
may  be  distinguished  from  the  other  right  prism  by  the  dia» 
similar  modifications  of  its  lateral  and  basal  edges  and  angles. 


The  tuperior  ba- 
sal modifications  in 
front  similar  to  the 
corresponding  M- 
ferior  in  front  or 
superior  behind. 


..  Similar  planes  at  each 
base  either  four  or  eight  in 
number. 

2.  All  lateral  f  edges  (if 
modified)  similarly  trun- 
cated or  bevelvd. 

1.  Similar  planes  at  each' 
base  either  two  or  four  in 
number. 

2.  All  iateralf  edges  (if 
modified)  not  similarly 
.truncated  or  bereled. 


DiMBTUO 

System. 


Trimktrio 
System. 


i 


Important  aids  in  tho  determination  of  the  sjstem  to  which  a  crystul  belongs  are 
also  i^orded : 

a.  By  cleavage,  which  ia  similar  parallel  to  like  faces,  dissimilar  parallel  to  unlike 
faces. 

b.  By  the  characters  of  surfaces.  Similar  planes  are  alike  in  lustre,  hardness,  colour, 
titriation,  &c.  If,  for  example,  a  cubic  crystal  has  similar  striae  on  all  its  six  sides, 
it  is  nionometric,  but  if  the  surfaces  of  one  pair  of  its  opposite  sides  differ  fiom  the 
rest,  it  belongs  to  some  other  system.  Similar  cleavage-faces  also  exhibit  similar 
lustre,  &c 

c.  By  the  optical  relations  of  tho  crystal.  Monometric  crystals  refract  light  singly, 
but  crystals  of  the  dimetric  and  hexagojial  systems  have  one  axis  of  double  refraction, 
and  those  belonging  to  the  other  systems  have  two  axes  of  double  refraction  (p.  122). 
These  characters  are  often  of  great  use  in  determining  the  system  to  which  a  crystal 
belongs. 

d.  The  thermic  relations  of  crystals  likewise  differ  accortling  to  the  system  to  which 
they  belong,  as  explained  at  page  122;  so  likewise  do  their  relative  elasticities  in 
different  durectious ;  but  tho  methods  of  observation  on  these  points  are  too  difficult  of 
execution  to  be  of  much  practical  utility  in  the  determination  of  crystals.  (See  Hbat.) 

COeawaffe  of  Crystals. 

Most  crystals  exhibit  less  coherence  in  some  directions  than  in  others,  and  conse- 
quently may  be  cloven  or  split  in  certain  directions  with  more  or  less  facility.  Some 
OTivtai^  as  mica,  may  be  split  into  laminae  by  the  fingers ;  in  others,  a  slight  blow 
with  a  hammer  is  sufficient ;  others  require  the  application  of  a  sharp  cutting  instru- 
ment, and  often  considerable  skill  in  its  use.  When  other  means  fail,  cleavage  may 
sometimes  be  effected  by  heating  the  mineral  and  plunging  it  into  cold  water ;  this 
method  sometimes  succee<ls  with  quartz.  Many  crystals  cannot  l)e  cloven  by  any 
means :  in  these  cases,  however,  the  direction  of  cleavage  is  sometimes  indicated  by 
lines  on  the  surface,  or  by  cracks  in  the  mass  of  the  crystal.  It  is  often  important  to 
obiierve  these  lines  or  cracks,  even  when  deavago  is  possible,  in  order  to  determine  its 
direction  before  applying  the  knife. 

The  general  laws  with  respect  to  cleavage  are  as  follows: 

1.  Cleavage  in  crystals  of  the  same  specit^s  yields  tho  same  form  and  angles. 

2.  Cleavage  takes  place  parallel  either  to  ono  or  more  of  tho  faces  of  a  fundamental 
form,  or  to  its  diagonals,  or  to  some  of  the  secondary  planes. 

*  The  rbombohedron  Is  the  only  solid  included  in  this  division,  any  of  whose  angles  admit  of  a  trun- 
caikm  or  repUeemcnt  tqr  three  or  six  planes. 

t  T1m»  tctntoal  edges  of  the  octahedrons  are  here  termed  lateral,  in  order  that  the  statemenla  may  be 
fsMnllj  applicable  to  both  prisms  and  octahedrons. 
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a.  Clearngc  Is  olitiiined  with  eqwa]  ease  or  difficulty  pamllel  to  simiiar  faces,  and 
vith  unetiudl  eaiip  of  difficulr^'  pamlel  to  dis«imilar  larcft. 

4.  Cloara^'  punillel  Ui  similar  fiicea  afRiifdii  pLmes  of  almilar  lustre  and  appeanuice; 
in  the  coutrar}'  ciL^i\  of  flisiiiiniilar  lustre  and  appCAranw. 

Thm?*  cleavugo  is  olttalntHl  with  e^ual  eust*  or  diiBcuJty  parullol  to  all  the  tax^s  of  a 
cuW,  pepjiilflr  octaliedroo,  rhombic  dGKlecahc<Lrtui,  or  rhoinbohedron,  which  art*  b«>iinded 
bjf  similar  plauefl^  The  right  square  prism,  right  rhombic  prism,  and  oblique  rhombic 
prism  (  ooP  .  oP  of  the  dimctric,  trimetric,  and  monoolinic  systems  respectively)  deava 
with  equal  ease  or  difficulty  parallel  to  their  lafceml  planes,  since  theso  also  are  similar. 
X>equentlv,  however,  these  prisms  cleave  only  piiMJIel  to  their  bases,  and  sometimes 
not  even  m  this  direct  ion.  In  some  casest  also,  the  elearage  is  diagonal,  in  the  square 
prism  alike  in  lK)th  Terticnl  planes,  but  unlike  in  the  rhombic  prbrart.  The  right  ree^ 
taiignlar  prism  (  odF*oo  »  ocPao ,  oP,  of  the  trimetrio  Jtyslem),  tbe  right  rbomtHavdal  prism 
(  ooPoo  .  [  ocPoo  ].  oP  of  the  monocliDic  syptem)  and  the  oblique  rkomboVdiil  prism 
(  ccP* .  OD^'P.  oP,  or  Qcl*  .  06? Qo  .  oP,  of  the  triclinic  system),  have  the  cJeavage  niit^ij^udl 
juLmllel  to  their  faces,  if  attjiinable  at  all  in  these  directions;  moreorer,  clcavuges 
ill  tbege  two  directions  and  ptirnllel  to  the  base  yield  faces  of  uulike  lu»tre  auil 
general  awpeet.  This  is  exemplified  in  gv'p^um,  which  in  one  direction  cleaves  with 
grt^ftt  facility  into  thin  Isimiiiie  of  perfect  transparency  »nd  highly  polished  sTirfiU^f ; 
whilst  in  a  second  direction,  thelamime  first  heuaand  then  htvak,  exhibiting  a  surfut^o 
which  is  not  smooth  or  i^Kjesesised  of  much  Instre;  and  in  a  third  direction,  the  lamime 
lire  brittle,  break  iuimediately  on  at  tempting  to  l>cnd  them,  and  exhibit  a  surface 
smoother  than  the  second^  bnt  not  polished.  lu  thick  masses,  the  second  and  third 
deavages  are  BJ?jircely  attainable.  Two  of  these  d'eavagt^  incline  uit  an  oblique  angle, 
but  one  is  at  right  angles  to  the  third,  shoeing  that  the  crjstul  in  monodinic. 

Meaauresieiit  of  Crystals. 

A  crystal  Is  determined  when  wt?  know  the  relative  lengths  of  the  axes  fur  each 
of  the  primarj'  forms  which  compose  itt  iit^^l  (heir  inelinatioUt  in  ease  they  are  not 
at  right  nugles  to  each  other.  Thejie  roagnitndes  cannot  however  be  raeasnred  dinn-tly ; 
the  only  element  of  the  form  admitting  of  dircet  mea?inremeiit  li*  the  ineliuation  of 
the  faoes  one  to  aDother;  and  as  these  inclinations  arc  connected  with  the  ratios  and 
inclinations  of  the  axes  by  fixed  geometrical  relations,  the  latb-r  may  l>e  determined 
by  cakulation,  when  a  suJBicient  numlwr  of  the  dihedral  anglfs  of  the  crystal  have 
been  measured.  The  uuBiWr  of  angular  ineuBurements  aliftolutely  required  for  each 
form  is  of  course  equal  to  the  uim]lH*r  of  unknown  quuntitic^  to  be  determineil;  tlms 
for  a  aquare  pymudd  a:  a:  o  (p.  133),  the  only  magnitude  to  bo  determined  is  the 

rah'o    - ;  and  for  this,  one  nngulnr  measiirement  will  suffice,  vi«.  the  angle  either  in  tke 

c 
torminal  or  in  the  lateral  edges.  For  a  rhombic  pyramid  a'b:c,  two  quantities  have 
to  be  determined,  viz.  the  kngtlis  of  two  of  the  axes  referred  to  the  third  as  nnrty, 
and  fitr  thif*,  two  rndeftendi  nt  measurements  are  re^^juired.  For  a  mouoclinic  pyramid, 
in  wliieh,  in  addition  to  the  two  ratios  just  mentioned,  the  inclination  of  the  prii.- 
ci[>al  axis  to  the  cHnotli agonal  baa  to  be  determinetl,  three  independent  angulxir 
ineaiifureraenta  are  required.  In  all  cases,  however,  it  is  advisable  to  take  as  many 
angrdar  mcflsurements  as  possible,  in  order  to  cheek  the  values  Erst  determined, 

For  the  formuhf  whieh  express  the  relations  between  the  inclinations  of  l^icea  and 
the  ratios  and  inclinations  of  the  axes  iji  the  several  systems^  we  must  refer  to  mora 
detiiiled  works*,  and  coniine  ourselves  here  to  the  description  of  tJbe  inslnuiieiita  oaed 
iVif  nu'ttsuring  the  angles  of  crystals.  These  iustrnments  are  ealled  Gotjioicxtbbs, 
jiud  sre  of  two  kindsj  tbe  Ajtplkatum-'  ar  liand-^oiii&mttrr,  and  the  lleficcting 
Gatihmtttr^ 

The  hand-goniometer  is  a  divided  semicircle  a  hd  (Jig,  357),  to  which  are 
adapted  two  metal  ndea,  one  k  m  being  fixKi,  the  other  ff  h  movable  round  a  pin  c 
nt  the  centre  of  the  seniioircle.  Both  these  rules  have  slit*j,  so  that  they  may  be 
moved  bnekwordit  and  forwanb^  making  the  sides  of  the  angle  k  n  h  longer  or  shorter 
MS  may  Ik  reqiured.  A  straight  line  tlniwn  through  tlie  point  c  and  the  middle  of  the 
nde  km  pasjios  thmugh  the  ^xMnts  0^  and  180^  of  the  divided  semjcirele.  The 
other  ruK  ^  ^.  i*  Tiarrt^wer  in  the  part  which  moves  mund  thesemircitx'Ie  (and  likewise 
bevelled ).  ho  that  the  edge  y  i  proiluccd  would  pass  through  the  e<'ntre  c.  The  angle 
which  I  be  edge  y  /  marks  on  the  gradmited  arc,  is  therefore  eciual  to  the  angl«  n 
contained  between  the  e«lges  I-  n,  n  A. 

The  crystal  to  be  measured  is  placed  between  the  nilea  k  ft,  n  h  in  meh  a  manner 

•  D  rt  II  «♦  Sy^pvn  nf  MineTxIo^y,  tot.  i,  Sto,  Nrw  York,  TRAg.  MHl  #!  r,  Tre»ti§e  on  CrTttul]ofr.t)*1t> , 
tol.  I.  S*n.    ('AinhfltJgf,   IKIS.     tironkr'    *nt\  MU  |rr,  new  c'UUut)  of  I'liithp***  MiuffMilofi^   \nMu 
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tiiat  the  edges  of  these  rules  may  both  bo  at  right  anples  to  the  line  of  intersection  of 
the  two  faetm  who^e  inclination  is  to  be  measured.  The  edge  it  w  Is  applied  close  to 
aoe  face  of  the  ciystal,  and  the  other  rule  ^A  is  moved  round  c,  till  the  edge  n  h 
eoiucidefl  exactly  with  the  other  face.  The  inclination  is  then  indicated  by  the 
jmmber  of  degrees  in  the  axed  e  g. 


Fig.  358. 


If  one  of  the  faces  of  the  ciystal  presents  irregularities  arising  from  small  crvstjils 
being  implanted  on  it,  the  edge  k  n  must  be  laid  closely  on  the  smooth  face,  and  the 
other  edge  n  A,  brought  as  close  as  possible  to  the  other  face  and  parallel  to  it. 

In  measuring  crysUls  implanted  on  a  surface,  the  parts  kn^hn  oi  the  rules  must  be 
Borod  along  the  slits  into  the  required  positions.  In  such  cases,  the  part  a  6  of  tlio 
graduated  arc  is  often  in  the  way.  To  obviate  this  inconvenience,  the  semicircle  is  in 
some  instruments  cut  through  at  h  and  the  two  parts  joined  by  a  hinge:  there  is  then 
also  a  strip  of  metal /•  movable  about  c,  which,  when  placed  in  the  position  shown  in 
the  figure,  serves  to  keep  the  two  halves  of  the  semicircle  in  the  same  plane,  but  when 
mored  towards  f,  allows  tlie  half  a  6  to  be  turned  round  to  the  back  of  h  d. 

This  instrument  is  veiy  convenient,  and  indeed  indispensable,  for  measuring  the 
an^es  of  large  ci^'stals ;  on  the  other  hand,  it  is  evidently  inapplicable  to  small  crystals 
or  to  such  as  are  very  soft  or  friable ;  and  as  small  crj-stals  are  of  much  more  frequent 
oecnirence  than  larger  ones,  and  generally  exhibit  the  best  defined  forms  and  flattest 
iorfaces,  the  use  of  the  liand-goniometer  is  necessarily  somewhat  limited.  For  these 
reasons,  the  reflecting  goniometer  of  Wollaaton,  which  also  gives  greater  accuracy  of 
meaKurement,  is  much  more  frequently  used. 

The  reflecting  goniometer  depends  upon  the  following  principle.  Ixit  bao 
{Jig.  356)  be  a  section  of  a  crystal,  the  angle  c  of  which  is  to  be  measured.  The 
ciystal  is  supposed  to  bo  fixed  so  that  its  edge 
is  exactly  in  the  prolongation  of  the  axis  of  a 
divided  circle  mn  p.  Let  a  mark  y  (a  black 
line  drawn  on  paper  for  example),  be  so  fixed 
that  the  eye  of  the  observer  placed  at  E  may 
see  this  mark  y  directly,  in  the  same  direction 
as  the  image  of  an  object  x  above  the  crystal, 
reflected  from  the  bright  surface  h  e.  Now  sup- 
pose the  crystal  to  \i  turned  round  the  edge 
c  till  the  face  c  a  comes  into  the  position  c  a\ 
in  the  prolongation  of  be;  the  eye  placed  at 
£  will  still  see  the  image  of  x  in  the  same  di- 
rection E  y,  by  reflection  from  c  a\  But  it  is 
evident  that  the  angle  ac  a  (measured  by  the 
arc  «fc  »)  til  rough  which  the  ci^'stal  has  bwn 
tamed,  is  the  supplement  of  b  c  a,  the  angle  to 
be  measured :  hence  the  following  rule :  The 

angle  a,  contained  Ixitween  two  faces  of  a  crystal,  is  the  supplement  of  the  angle 
through  which  the  cr}'stal  must  l>o  turned,  in  order  that  these  two  faces  may  re- 
flect the  image  of  a  given  object  in  the  same  direction :  or  if  this  latter  angle  is  ==  a, 
the  angle  between  the  two  faces  of  the  crj-stal  will  Ihj  180°  —  o. 

The  instrument  by  which  this  principle  is  applied  to  the  measurement  of  crvntaln  is 
represented  in  fig.  369.  It  consists  of  a  vertical  circle  E  E,  divided  on  the  eipe,  and 
toning  upon  a  horizontal  axis  pasniiig  through  the  socket  C,  which  is  fixed  upon  the 
pillar  13,  8up|)ortcd  on  a  heavy  foot  A.    This  axis  likewise  carries  a  smooth-edged  disc 
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Ft  and  a  mill- edged  disc  O,  both  immoTJiLly  fijted  to  it  The  disc  G  is  for  tiimbg  the 
gradunted  ciivle  round ;  the  use  of  the  diuc  F  is  to  aaaUt  in  clamping  it,  which  m 
effected  by  corapreseing  the  lower  edgo  of  X^  between  two  plates  of  met^  S,  T,  tha 
former  attached  to  the  socket  C,  bj  meaua  of  tb«  screw  U.  A  vernier  R,  att^bed  by 
the  metal  strap  Q  U>  the  eot^ket  C,  servos  to  rend  off  the  degrees  on  the  cirdo  E  E. 
The  axis  which  cwriefl  thia  circle  and  the  discs  F,  G,  w  hollow,  imd  endoffes  a  thiancr 

Fiff,  359, 


J*  ^ 


nxis  which  turns  within  it  somewhat  stiilly,  nud  camV-s  at  one  ^nd  the  mUl-edg^d  disc 
I,  and  at  tho  other  fi  bent  brass  rod  K.  Thm  rod  farrier  a  »!oeki*t  L  in  which  anothiT 
bent  r«Hi  M  tumn,  and  in  this  is  another  tmoki^t  N,  tbrtmgh  which  passes  n  rod  O  O, 
which  eaii  l>e  moved  backwarila  and  fonvarda,  and  turned  round  by  the  disc  P;  at  Ito 
other  end  of  1 1  mm  rod  the  crjf^hil  to  Ito  measured  18  fastened  with  wax. 

To  iii^e  thn  inKtrumeiit,  it  is  placed  in  front  of  a  window  with  the  phine  of  the  cirde 
E  vertical,  mid  at  ri^htuiiglea  to  the  plane  of  the  window,  the  axes  being  then  parallel 
to  the  horizoutid  bars  of  the  window,  one  cif  which — or  better,  at^lit  in  it  piece  of  black 
paper  fastened  to  one  of  the  panes^  may  serve  for  the  object  x — to  be  rcHected  from  the 
planes  of  the  crystal,  Tbo  observer,  standing  in  front  of  the  in^fraoient,  may  bring  his 
eytj  int*»  such  a  position  above  the  crystal,  us  to  see  a  horizontal  black  line  y  drawn 
below  the  window,  jnat  along  the  edge  of  the  crjslal ;  and  by  turning  thecrj'stal  round 
by  the  disc  P,  he  may  bring  one  face  of  it  into  such  a  position  ifmt  the  reflected  image 
of  the  window-bar  jr  may  just  coincide  with  the  liTje  t/  tje*m  directly.  It  is,  however, 
absfilutc'ly  necessary  that -the  edge  of  the  crystal  be  brought  exactly  into  a  line  with  the 
axis  of  the  inatrument.  This  mast  first  be  done  as  nearly  as  possible  by  theunassistod 
eye :  but  to  obtain  a  more  exact  adjustment,  the  crystal  must  bo  turned,  by  means  of  the 
niovenjents  at  L  and  N,  till  the  reflected  image  of  the  window-bnr  seen  from  eodi  face 
of  the  festal,  is  parsillel  to  the  liney,  that  is  to  say.  horiisontal  The  crystal  is  then  pro- 
perly placed.  To  meawure  the  angle,  the  disc  G  is  turned  round  till  180*^  on  the  divided 
circle  E  E  coincides  with  the  zero  of  the  vernier ;  the  screw  U  is  tightened  so  as  to 
clamp  the  circle  E  E ;  and  the  crystal  is  turned  round  by  the  disc  I,  till  the  image  of 
s  from  one  face  coincides  with  the  line  y.  The  circle  is  then  undamped,  and  turned 
r»3und  b^  the  dij5C  G,  till  the  other  face  of  the  crystal  is  brought  into  the  same  position. 
The  division  of  the  circle  which  is  thtis  brought  opposite  to  the  «ero  of  the  vernier, 
gives  directly  the  number  of  degrees  in  the  angle  contained  beiwe«ii  the  two  ^es  of  the 
crystd.     (For  othar  forms  of  the  reflecting  goniometer,  see  DimctB  Mincralog^y  u  127.) 

When  the  faces  of  a  crystal  are  bright  and  reflect  well,  a  comparatively  distant 
object^  sucli  as  the  edge  of  the  roof  of  an  opposite  hoiiHC,  may  bo  viewed  in  them,  and 
the  angles  may  then  bo  me4isur*!d  within  a  few  niinutiH;  t!io  greater  the  diatanco  of 
this  object,  the  more  exact,  c*tirHif  parihns^  will  be  the  mensurement.  With  crystals  of 
It^s  reflating  power,  nearer  olyeets,  such  as  the  \vindi>w-bars,  mus^t  bo  chosen  ;  aome^ 
times  indeed  jt  is  necessary  to  use  the  flame  of  a  cxindle  phiced  behind  a  screen  having 
a  Iioriscontal  flit.  Crystals  whose  siirfaces  have  little  or  no  reflecting  power  maysome^ 
timi*s  be  measured  with  the  refla'tlu^  L;uuiomcter,  by  attachijig  to  their  faces  very  thin 
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plates  of  mica,  by  meam  of  water  or  oil  of  ttupentine,  aocording  to  the  nature  of  the 
crystal. 

Artificial  aTstahi  generally  lose  their  lustre  when  touched  with  the  hand,  and  will  not 
bear  cleaning.  The  best  way  of  manipulating  with  them,  is  to  fasten  them  with  waiz 
by  their  dulleet  surfiice  to  a  uttle  piece  of  wood,  which  may  then  be  used  as  a  handle, 
and  for  attaching  them  to  the  goniometer. 

It  is  important  to  obserre  that  the  angles  of  crystals  often  change  to  a  certain  extent 
with  change  of  temperature ;  hence,  for  accurate  measurements,  the  temperature  should 
always  be  noted. 

A  native  sulphide  of  iron  and  copper,  Cu*Fe*S"  (see  page  79). 

Pharmaeosiderite^  Siderite,  Wurfderz,    A  variety  of  native  arse- 
nate of  copper  occuzxing  in  crystals  of  the  regular  system,  viz.  cubes,  sometimes  perfect, 

sometimes  having  their  edges  or  angles  truncated,  t,g,  ooOoo  .  ooO  {Jig,  195),  ooOoo  .  -^ 

{fig.  198),  and  others.  Cleavage  cubic,  imperfect  The  cube-faces  are  sometimes 
striated  parallel  to  their  intersections  with  the  octahedral  faces.  Planes  often  curved. 
Rarely  granular.  Specific  gravity  —  2*9  to  3.  Hardness  »  2*6.  Lustre  adamantine, 
not  very  distinct.  Colour  olive-green  to  bladdsh-brown,  also  passing  into  grass-green 
ind  emerald-green.  Streak  olive-green  to  brown,  yellow,  pale.  Subtranslucent  Bather 
•eetfle.    I'yroelectric.    (Dana,  ii.  422.) 

When  heated,  it  gives  off  water  and  turns  red.  Before  the  blowpipe  on  charcoal,  it 
gives  off  arsenic  vapours,  and  melts  in  the  reducing  flame  to  a  erej  sinning  slag,  whic^ 
gives  with  fluxes  the  reactions  of  iron  and  arsenic.  Soluble  in  hydrochloric  add. 
Caustic  potash  quickly  turns  it  reddish-brown,  and  decomposes  it  for  the  most  part 

An  analysis  by  Beizelius  gave  40*92  per  cent  As«0*,  2-67  PH)»,  3990  Fe*0»,  0*66  Cu*0, 
and  18*94  water  (» 102*99 ;  after  deduction  of  1*76  per  cent  matrix).  If  the  small 
quantity  of  copper  be  regarded  as  Cu'AsO*  and  deducted,  the  remainder  may  be 
regarded  as  a  tetrabasic  ferric  arsenate  with  15  at  water,  in  which  ^  of  the  arsenic  is 
replaced  by  phosphorus,  giving  the  formula  — 

4FeW3JJ^*  +  15H»0; 

or  8[Fe«0».(Asi^^)«0»  +  4n«0]  +  Fe«0».3n«0 
-  3[Ffe"'(As^PTr)o«.2H»0]  +  Ffe'"H»0», 

in  which  the  first  member  has  the  form  of  Scorodite.     (Kamm.  Mineralcb.  p.  372. ) 

Cube-ore  was  formerly  obtained  from  certain  mines  m  Cornwall,  where  it  occurred 
coating  cavities  in  quartz,  with  ores  of  copper.  It  is  now  found  in  small  shining 
erjstau  at  Bundle  Gill,  Cumberland ;  also  in  Australia ;  at  St.  Leonard  in  France, 
a»l  at  Sdineeberg  and  Schwarzenberg,  in  Saxony. 

CTJBBBA  CZpinilZ  BKZQ.  The  fruit  of  the  black  pepper  of  West  Africa,  called 
Bprr  caudaiunu  According  to  Stenhouse  (Ann.  Ch.  Pharm.  xcv.  106),  it  contains 
piperin  and  not  cubebin,  so  that  it  must  be  regarded  as  pepper,  not  as  cubebs. 
An  isomeric  modification  of  oil  of  cubebs  (p.  172). 
C"H**C)*?  (Souboiran  and  Capitaine,  Ann.  Ch.  Pharm.  xxxi. 
190.  Riegel,  N.  Jahrb.  Pharm.  viil  96.  Schuck,  N.  Repert.  Pharm.  i.  213.)  A 
crystalline  substance  existing  in  cubebs.  It  is  obtained  by  exhausting  with  alcohol 
the  pulpy  residue  left  after  the  preparation  of  the  essential  oil  of  cubebs,  treating 
the  alcoholic  solution  with  potash,  washing  the  resulting  precipitate  with  water,  and 
crrstallising from  alcohol  (Soubeiran  and  Capitaine"). — Schuck  prepares  cubebin  by 
mixing  cubebene  with  }  of  its  weight  of  quicklime,  exhausting  with  alcohol,  treating 
the  evaporated  extract  with  dilute  potash,  dissolving  the  residue  in  alcohol,  decolo- 
rising with  animal  charcoal,  and  leaving  the  solution  to  crystallise.  17  oz.  of  cubebene 
thus  treated  yielded  15  grains  of  cubebin. 

Cubebin  crystallises  in  groups  of  small  white  needles.  It  is  tasteless,  inodorous, 
melts  at  120^  C.  ^Schuck),  but  cannot  be  volatilised  without  decomposition.  It  is  very 
slightly  soluble  in  water  and  in  cold  alcohol,  more  soluble  in  boiling  alcohol,  the 
solution  solidifying  to  a  [)ulp  on  cooling.  Ether  tlissolves  375  i)er  cent,  cubebin  at 
12^  C,  and  more  when  heated.  Cubebin  also  dissolves  in  acetic  acid,  and  in  oih»  both 
filed  and  volatile.  Strong  sulphuric  acid  first  colours  it  of  a  fine  bripht  red,  very 
much  like  that  which  it  imparts  to  salicin,  but  afterwards  changing  to  crimson. 

OUMMBM*  The  fruit  of  Pij>*r  Cufnfta,  L.,  a  native  of  Java.  When  dry,  it  forms 
roundish  blackish-grey  berries  of  the  size  of  pepper,  enclosing  a  hard  white  oily  seed. 
It  has  an  aromatic  peppery  odour,  and  a  sharp  bitter  taste.  According  to  Monheim 
(J.  Chim.  m^  zi  352^  it  contains  2*5  per  cent,  green  volatile  oil,  1*1  yellow  liquid 
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oil,  6*0  cubebiu^  15  bulHamie  rcain,  3'0  waxy  mat &^i  6*0  extmctiTe  mutter,  1-5  cbloride 
of  sodium^  aud  64*0  woodv  fibre, 

dTBlfillB,  CAMPHOR  Ol*.    (BUnc lipt  ami  Sell  Ann.  Cli.  Pharm.  Ti»  294.) 

-  Stmr^pUttf^  qf  Oil  of  Cnhtits.    The  valutile  oil  of  cttbelift,  after  rectifieutlon  with  water, 

m  clepo^kits  tbb  compound  in  rhombic  crjHtjds  P .  oP .  adP,  in  which  P  :  P  in  the  terminal 

f  Cilgcs  ssll6^4{l'  and   1&^ 'l\\  and  in  the  lateral  edg«s  fel45°*     Clcarago   perfbct, 

parulWl  to  oP.     It  mella  at  08*^  C.^  boils  at  150*=*,  and  distils  without  alteration.     It  is 

insoluble  in  wiiter,  soluble  in  alcohol,  ether,  and  volatile  oils.     The  alcoholic  eolutiou 

posaesse!!  opticid  rtitatory  power» 

According  to  Blanche t  and  SelPa  analjaes,  the  camphor  cootabs  froTn  80*1  to  SI*1 
per  cent,  crtrbon,  and  111  to  117  hytogen,  agreeing  approxiraatidj  with  the  forranla 
C^*H^O  Of  C^*ir'.H*0,  whence  it  appears  to  bo  ft  hydrate  of  oil  of  eubeba  or  of 
cnbebene. 

The  camphor  dissolves  in  fltronR  aulphuric  acid,  forming  apparently  a  comngutcd 
arid.  It  is  partially  FoUible  in  Ixiiling  jMtash*  By  nitric  acid  it  is  converted  into  a 
brown  rei*in  ;  by  cldorine  into  a  viscid  stibstauce. 

CfraUBS,  on.  or,  C'*II»*.  (Mullen  Ann*  Ch,  Pharm.  ii.  90,  Blanchet 
and  Sell,  ihid,  vi.  294.  W i n e k  1  e r, thid.  viii.  20S»  S on b e i r a n  and  Capitame,  ibid, 
Mtxiv.  311.  Anbergier,  Rev.  «eient.  iv.  220*  Brooke,  Aonala  of  Philowphy, 
new  series,  v,  450.  Oerh.  iii.  634.)  Tliia  oil  is  obtained  by  distilling  cuWbs  with 
water.  It  is  colourless,  viscid,  of  Bpeeiftc  gravity  0U29,  bas  an  aromatic  odour,  and  a 
camphor-like  epicy  taste.  It  boils  between  260^  and  250**  C,  always,  however,  with 
partial  decomposition.  Exposed  to  the  air^  it  l>ecomes  thicker  and  resinous.  It  turns 
the  plane  of  polarisation  of  n  luminous  ray  to  the  lefL 

H^droehloraic  of  oil  of  cube  be,  C^Jl^^,2KClt  h  produced  by  paasmg  hydro- 
chloric acid  gas  into  the  rectified  oil.  It  forms  fddique  prisms,  colourless*,  taateless, 
inodorous,  melting  at  131^  C,  very  soluble  in.alcohot  They  turn  the  plane  of  pola- 
miition  to  the  ML 

CuMirnr^^Oi]  of  cuheba  di.stilled  with  sulphuric  acid  is  converted  into  an  isomeric 
oil,  cube  bo  lie,  possessing  luucli  less  optical  rotatory  power  than  the  original  oil 

Cirsxorf  £,     Syu.  with  AxiJjCiMB  (i.  210), 

CtraiXOSS*  A  constituent  of  the  edible  birda*  nests  of  India,  exhibiting  the 
general  properties  of  the  neutral  albtimijioida,     (Pay en,  Compt  rend.  zliz.  628.) 

CtTBOICXTE,     %n.  with  Cbadastte. 

OITBOZTS.    Syn.  with  AsAucfsc^  also  with  Sodalite. 

crvciniEXS.  A  genus  of  cucnrhitaceous  plants,  including  the  cucumber,  melon, 
and  sOTixc  kindi*  of  gourd. 

The  fruit  of  Cttcmmb  coforynihi^^  the  Iiitter  appl<*i  or  colocynth  gourd,  contains  a 
pulp  or  pith  which,  when  separated  from  the  seeds,  couiititutes  the  purgative  drug 
colocynth.     (See  CoLOCTSTHtK,  p.  78.) 

C  melo^  the  melon,  has  been  examined  by  Pay  en  (Bucbu.  Repcrt.  hcvi.  104)  t  it  e<m- 
tjiins  the  usual  vegetable  constituents.  The  root  contains,  accortling  toToroisiewica 
{ihid.  xlv.  1),  an  emetic  principle,  melonemetin  ;  and  yields  6*4  per  cent  of  ash,  d 
which  5  per  cent,  consists  of  salta  soluble  in  water,  and  95  per  cent,  insoluble  matter. 

The  fndt  of  C  propfutarnm  contains,  according  to  "Winckler,  a  bitter  principle, 
which,  ftccordiiig  to  Wak,  is  essentially  a  resin  {Proph€tinharz\  containing  C^H^O', 
separal>le  mhj  pri^phtkrin  or  prophrtdnt  C*H**Q*,  aod  a  carbohydrate  (glucose). 

ClTCJmLBZTJi*  Another  genus  of  cucurbit aceous  plants,  induding  the  common 
gourd,  C.  maxima,  with  its  numercms  varieticfl,  the  vegetable  marrow,  C.  omfrroy  the 
orange  gourd,  C.  aurantia,  the  squasli  or  bush  gounV  C,  tntloprpo^  the  bottle  gourd, 
C.  la<fn}oHa,  &c.  &c.  Most  of  them  are  eatable ;  but  the  orange  gourd  is  bitter,  and 
the  bottle  gourd  is  &  dangerous  jjriison.  The  fruit  of  this  last-mentioned  speeics,  how- 
ei-er,  eontiuus,  according  to  Marquardt  (.T.  pr.  Chem.  xi.  500),  about  6  percent,  of 
sugar,  and  is  used  in  Hungary  for  the  extraction  of  sugar.  The  seeds  contain  a  mild 
fixed  oil.— The  water-melon.  C,  eitm/lM,  has  been  examined  by  Lauderer  (Buchn. 
Bopert  IxvL  104).  Len^jble  (J.  Pharm,  [S]  ii.  3o6)  found  in  it  3  per  cent  vugar, 
30  per  cent*  residue,  and  67  water. 

Ctn&limi^S.     Sec  Archil  (i.  355). 

OV&XB&IXB*  A  name  sometimes  given  to  a  mineral  from  Oulehras  in  Mexico, 
resembling  Kiolite,  and  said  to  consist  of  selenido  of  tiac  and  s:ulphide  of  mercuiy. 
(Haadw.  d.  Chem.  ii.  [3]  235.) 

CPXIIiilBAlf  or  CJJJ^iaLVirAW,  OI£  OV.    A  volatile  oil  obtained  from  the 

bark  nf  fMf'rtis  Ctdthhtin  or  OtJ^famtUi,  or  Ctnnamoimtm  Culifawan  (Nees),  a  nattTe  of 
rlio  Moha-iiisi,  by  distillation  with  Mater.     It  is  colourieas;  smelhi  like  oil  of  cajeput 
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and  oil  of  doree ;  ia  hearier  than  water ;  dissolres,  with  red  colour,  in  nitric  add, 
forming  a  aolntion  from  which  water  throws  down  a  brick-red  resin  (S  c h  1  o  s  s).  Heated 
with  6  parts  of  fuming  nitric  acid,  it  swells  up  strongly,  gives  off  nitrous  gas,  and, 
when  repeatedly  distilled,  yields  oxalic  acid,  amounting  to  }  of  the  oil.    (G  m.  zvi.  364.) 

CUBBXVa.  Cfumol,  Hydride  of  Chtmenyl  (?H"  «  C»H".H.  (Pelletier  and 
Walter  [1837],  Ann.  Ch.  Phys.  [2]  Ixvii.  99.  Gerhardt  and  Cahours,  Ann.  Ch. 
nrjTB.  [3]  L  87,  372 ;  Ann.  Ch.  Pharm.  xxxriii.  88.  Gerhardt,  Ann.  Ch.  Phys.  [3] 
xiT.  107.  Abel,  Ann.  Ch.  Pharm.  Ixiii.  308 ;  Mem.  Chem.  Soc.  iii.  441 ;  Phif.  Mag. 
zzziL  63.  Cahours,  Compt  rend. xuT.  657,  xzx.  321.  Mansfield,  Chem.  Soc.  Qu. 
J.  L  244;  Ann.  Ch.  Pharm.  box.  179.  Gerhardt  and  Li^s-Bodart,  Compt.  rend. 
itxiT  506;  Compt.  chim.  1849,  385;  Ann.  Ch.  Pharm.  Ixxii.  293.  Ritthausen, 
J.  p.  Chem.  Ixi  79.  Church,  Phil.  Mag.  [4]  ix.  256.  Liis-Bodart,  Compt  rend, 
xliu.  394  ;  Ann.  Ch.  Pharm.  100,  352.  Warren  do  la  Rue  and  H.  Muller,  Chem. 
Gas.  1856,  375;  J.  pr.  Chem.  Ixx.  30. 

This  body,  discoTcred  by  Gerhardt  and  Cahours  in  1840,  is  probably  identical  with 
the  rc«in-o&  or  retinyl  obtained  by  Pelletier  and  Walter  from  the  resin  of  Pinus 
mariiima  (see  Pinb-besins),  and  probably  also  with  the  hydrocarbon  produced  by  the 
action  of  phosphoric  anhydride  on  phorone.  It  is  isomeric  with  mcsitylene,  with 
metbol,  ana  witn  a  hydrocarbon  discovered  by  Church  among  the  products  of  the  dis- 
tillation of  eugenate  of  barium. 

Camene  exists  ready  formed  in  Burmese  naphtha,  that  substance,  when  aqueous 
rapour  at  200^  C.  is  passed  through  it^  yielding  hydrocarbons  from  which  sulpho- 
comenic  acid  is  produced  by  the  action  of  oil  of  vitriol  (Warren  de  la  Rue  ana  H. 
Muller).  It  is  produced :  1.  In  the  distillation  of  cuminic  acid  with  excess  of  baryta 
(Gerhardt  and  Cahours). — 2.  In  the  dry  distillation  of  the  resin  of  Pin  us  mariiima 
(Pelletier  and  Walter) ;  of  the  wood  of  that  tree,  passing  over  into  the  crude  spirit 
(Cahours);  and  of  coal,  bein^found  in  coal-tar  naphtha  (Mansfield,  Ritthausen, 
Church).  — 3.  In  the  distillation  of  phorone  with  anhydrous  phosphoric  acid.  (Ger- 
hardt and  Li^s;  Li6s.) 

Frfparation. — 1.  Froin  Cuminic  Acid, — 1  pt.  of  cuminic  acid  is  gradually  heated 
in  a  retort  with  4  pts.  of  baiyta.  When  the  heat  is  carefully  applied,  and  not  more 
than  6  grammes  of  cuminic  acid  are  used,  nothing  but  colourless  cumene  passes  over, 
vhile  carbonate  of  barium  remains  behind.  The  use  of  larger  quantities  at  once  is 
not  to  be  recommended  (Gerhardt  and  Cahours).  Abel  mixes  cuminic  acid  with 
4  pts.  of  lime,  and  heats  the  mixture  nearly  to  redness  in  a  copper  retort  placed  in  a  deep 
sand-bath.  The  colourless  distillate  has  an  unpleasant  empyrcumatic  odour,  which  it 
retains  even  after  rectification  over  hydrate  of  potassium.  Abel  therefore  distils  it 
witli  concentrated  chromic  acid  (which  does  not  alter  the  cumene),  distils  (whereby 
the  bad  smell  is  completely  destroyed,  and  the  pleasant  odour  of  cumene  becomes  per- 
ceptible), and  dries  over  chloride  of  calcium. 

2.  From  ike  Beein  of  Pinus  mariiima. — When  the  brown  oil  obtained  in  the  prepara- 
tion of  illuminating  gas  by  the  dry  distillation  of  this  resin,  is  subjected  to  fractional 
distillation,  benzylene  passes  over  between  130°  and  160^  C.,  and  then  cumene.  The 
latter  is  severaJ  times  distilled,  with  separation  of  the  first  portion  of  the  distillate, 
which  eontains  toluene,  then  treated  alternately  with  oil  of  vitriol  and  caustic  potash, 
and  each  time  distilled,  and  finally  rectified  two  or  three  times  over  potassium.  (Pelle- 
tier and  Walter.) 

3.  From  Light  Coal-iar  Ntmhiha^  passing  ovor  between  140°  and  145°  C.  (Mans- 
field) ;  between  139°  and  140^  (Ritthausen). — It  exists  in  the  naphtha  in  consiaerable 
quantity,  and  may  be  advantageously  prepared  therefrom. 

4.  From  crude  WoodspiriU — ^When  the  oil  separated  from  this  liquid  by  water  is 
shaken  up  with  oil  of  vitriol,  washed  with  potash-ley  and  water,  dried  ovor  chloride  of 
calcium,  and  distilled  over  phosphoric  anhydride,  and  the  portion  which  distils  between 
140°  and  150°  C.  is  subjected  to  fractional  distillation,  cumene  passes  over  between 
145°  and  148°.    (Cahours.) 

Properties, — Cumene  is  a  colourless  strongly  refracting  oil,  having  an  agreeable  odour 
like  that  of  benzene,  and  a  pungent,  somewhat  bitter  taste.  Specific  gravity  087 
(Pelletier  and  Walter).  Boils  at  144°  C.  (Gerhardt  and  Cahours) ;  at  148°  (Abel  and 
Cahours).  Vapour  density  —  4*0  io  4*3  (obs.);  4*16  (calc  2  vols.).  Its  compositioa 
is  shown  in  the  following  t^ible : 

r^h^i^ti^  Pelletier  and       Gerhardt  .y.  ,  ,». 

CaleutatUni.  Walter.        and  Cahourt.        ^*^-  *'*^** 

C»      .         .108  90  89-48  8981  90*34  8857 

H»«    .  •       12  10  1008  9-97  9-88  10-28 

C»Hw    .  .     120  100  99-56  99*78  10022  98'8& 
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Cumene  is  insolublo  in  wntfr,  but  disaolrcs  readily  in  rmo^'Spirit,  al^^hol^  rfftfr^  and 
rolatiU  oiU,  It  combines  yi'iXhJiTfd  oiis^  JaU,  and  moat  resins.  Willi  the  aid  of  heat 
it  dissolTea  9uiphur,  which  crj'atalHseB  out  on  ctioling ;  it  also  diflsolros  iodine. 

Jkcompositiofis. — 1.  Cumene  m  conrerted  by  fuming?  sidphuric  acid  into  snlpho- 
cmnenic  acid  (Gtirhanlt  and  Cahours), —  2.  When  chlorine  is  passed  iiit4>  b<:>iline; 
camene,  and  the  volafiliscd  portion  is  cohobated,  a  thick  fainl-BmelliDg  oil  i^  obtainoi 
which  bums  slowly  vnih.  a  smoky  greeji-edgivl  flame ;  its  vapour  does  not  attack  the 
cyps  (PDlli^ticr  and  Wult<*r).  —  3.  By  fuinlng  nUric  acid^  it  i«  converted  into  nitro- 
cumtiie  (Cahotirs,  Nicholson),  also  by  l>oiliug  with  strong  nitric  acid,  but  by  continnctl 
boiling  it  fonm?  a  peculiar  acid  (Gcrhordt  and  Cahoura),  If  the  l>oiling  be  continued, 
the  nitroeumene  disappears  again,  and  is  gnidually  converted  into  a  yellowijsh 
crystalline  imasSf  which  dissolves  in  ammonia,  ^rith  the  €;?3Eception  of  a  small  pulve- 
rulent residue,  Hydrocliloric  acid  added  to  the  solution  prwipitates  nitrobenzoie 
acid  (Abel,  Cahours).  Dilute  nitric  acid  converts  cumene^  after  four  or  five  days' 
boiling,  into  benzoic  acid  (Abel).  —  i.  A  mixture  of  /ttming  nitric  and  fuming  nui- 
phuric  acid  slowly  cooTcrts  ciimene  into  dinitjocumene  (Cahours). — ^5,  Potassium  kept 
for  some  time  iu  contact  with  cumi^tie,  blackens  and  becomes  covered  with  a  black 
crust,  which  appears  to  bo  carbide  of  potassium  (Pelleticr  and  Walter),  Cumene  is 
not  altered  by  potaah-Iey  or  by  jfiased  pataih. 

Vltrooumeae.  C"H"(NO=').  (C  a  hours,  Compt,  rend-  xxv.  652,  xxri.  315. 
NicholBon,  Chem.  Soc,  Qu.  J.  i,  2.  Eitthaueen^  J.  pr.  Chom.  Lti,  79.) — VThcn 
camene  is  dissolved  in  fuming  nitric  acid^  the  mixture  becomes  hot  and  givcM  off 
abundance  of  rod  vapours,  and  on  adding  water  to  tho  liquid,  nitroeumene  in  precipi- 
tated as  a  heaTV  oil.  It  is  yellowish,  and  has  a  fainter  and  less  agreeable  odour  than 
nitrobenzene.  By  sulphuretted  hydrogen  in  presence  of  alcohol  and  anuuouia,  it  is 
converted  into  cumcnylamine. 

I>liiltrociLitieQ«.  C*H^*(NO*)*. — Obtained  by  treating  cnmene  with  a  mixtnre  of 
faming  nitric  and  fuming  sulphuric  add.  The  action  takes  place  with  difficulty,  and 
requires  frequent  renewal  of  the  acid  to  complete  it* 

Dinitrocnmene  crystallises  from  akobol  in  white  laminae  It  is  insoluble  in  caustic 
alkaline  leys,  bat  disiolves  in  alcoholic  potash  and  is  converted  thereby  into  nit  ro- 
be n/^ylene  ;  hydrochloric  acid  added  to  the  solution  throws  down  brown  dakea.  (Ca- 
hours,  RitthauBcn^  t&c.  cil.) 

CUSKSlfS-SV^f  SlfBZO  ACIB<     See  CuvEXTL-suLP^unors  Actn. 

OU MJUlf  CITlSi  A  crystallised  mineral  from  the  province  of  Constantine  in  Africa, 
containing,  according  to  Cumenge  (Ann.  Min.  [4]  xx.  81),  20  at,  antimony,  21  at, 
oxygen,  and  16  at.  water.  Ramni  els  berg  { Miner alchrmie^  p,  166)  suggMti  that  tt 
mny  be  a  hydrate  of  antimomc  acid,  S1>'0».4H=0  (or  2H'SbO*.H'0). 

CtFMXirTlM  C^H". — A  tnonobasic  radicle  which  may  be  suppo^  to  exist  in 
cumene,  cuminic  acid,  and  many  allied  compounds.    Thus : 

Cumene  (Hydrate  of  Cumenyl) .        .        .        .        .  =  C»H^'.H| 

Cumidine  (Cumenylamine) =  C«II*'.IP.N 

Cumonitrile  (Cj  jinide  of  Cumenyl)    ,         ,        .         .  ^  C*H",CN 

Cumene-sulphurie  or  Sulphocunienic  acid  (Cumeuyb  {  ^  C"H^MI  J  qj 

Bulphurous  acid)    ......{  ~         (80**)  { 

Cuminic  or  Cymylic  Alcohol      .         .        .        .        .     =  H  ( ^ 

Cumyl =     CO,C«H" 

CO  C?*H*'  t 
Cuminic  Aldehyde  or  Curoinol =  H    f 

Cuminic  Acid    .         .         .         .         *         ,..         .=  H( 

It  will  bo  seen  from  these  formula?,  thtit  cumenc,  cuminic^  alcohoi  euminol,  and 
cuminic  acid  are  related  to  one  another  in  the  same  manner  as  marsh-gas,  ethylic 
alcohol,  acetic  aldehyde,  and  acetic  acid. 

The  name  eftair-nyl  has  also  been  applied  to  C"*H",  the  radicle  which  ia  to  cymylic 
alcohol  as  ethyl  to  common  alcohol ;  but  this  creates  confusion. 

CxnMTEirsx^AJaiia'B.  Cumidiiie,  C'H'^N  -  NJP.CH".  Cahours  [18471, 
Compt  rend.  xxiv.  5o7 ;  xxvi.  315;  xxx  321.  Ed,  Chambers  Kicbolson^  Ann. 
CIl  Pharra.  Ixv.  oH\  Chem.  Soc,  Qu.  J,  i.  2,  A.  W.  Hofinann,  Ann.  Ch.  Pliana* 
Ixvi.  146;  Ixxiv.  15.  Kitthauson,  J.  pr.  Cbem.  Ixi.  79.  Church,  PhlL  Mag,  [4] 
ix  454.) 

Formation, — By  the  action  of  aulpbydric  add  on  nitroeumene,  CH*'(NO'),  in 
preeenoe  of  alcohol  and  ammonia. 


I 
I 
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IVfparatum. — ^Nitrocameno  is  dissolved  in  alcohol,  and  the  solution  is  saturated,  first 
vith  ammonia,  then  with  sulphydric  acid.  After  a  few  days,  when  a  large  quantity 
of  Bolphnr  has  been  deposited  and  the  odour  of  sulphydric  acid  is  no  longer  per- 
orotible,  the  gas  is  again  passed  through  the  solution  and  the  liquid  is  distilled, 
whereby  the  decomposition  of  the  sulphydric  acid  is  accelerated ;  and  this  treatment 
is  repeated  till  the  whole  of  the  nitrocumene  has  disappeared.  The  alcohol  and 
sulphide  of  ammonium  are  then  removed  by  distillation ;  the  residue  is  dissolved  in 
hydrochloric  add ;  the  liquid  filtered  from  the  sulphur  is  evaporated  till  it  solidifies  in 
a  ciystalline  mass  on  cooling ;  and  the  boiling  solution  of  hydrochlorate  of  cumenylamine 
is  treated  with  potash  to  separate  the  base,  which  rises  to  the  top  of  the  liquid  as  an 
oily  layer.  This  oil  is  rectified  and  supersaturated  with  a  concentrated  solution  of 
oxalic  add ;  the  liquid  is  evaporated  to  dryness ;  the  residue  dissolved  in  boiling 
alcohol ;  and  the  solution  treated  with  blood-charcoal ;  the  filtrate,  on  cooling,  deposits 
perfectly  pure  colourless  prisms  of  oxalate  of  cumenylamine.  This  salt  is  dissolved  in 
water ;  the  solution  decomposed  by  potash ;  and  the  layer  of  oil  which  rises  to  the 
snr&co  is  removed  with  a  pipette,  dried  over  chloride  of  calcium,  and  rectified. 
(Xicholson.) 

Properties. — Pale  yellow,  or,  when  recently  distilled,  nearly  colourless  oil,  of  specific 
sravity  0-9526.  Refracts  and  disperses  light  strongly.  When  cooled  by  a  mixture  of 
loe  and  salt,  it  solidifies  in  a  mass  of  square  plates,  which  quickly  melt  again  as  the 
temperature  rises.  Dropped  upon  paper,  it  forms  a  grease-spot^  which  gradually  dis- 
appears. In  contact  with  platinum-wire,  it  boils  constantly  at  226^  C,  when  the 
barometer  stands  at  0*761  met.  It  has  a  peculiar  odour  and  burning  taste.  Neutral 
to  turmeric  and  red  litmus  paper.  Colours  fir-wood  intensely  yellow  (like  phenyl- 
amine  and  benzylamine),  but  does  not  exhibit  the  reaction  of  phcnylamine  with 
ehloride  of  lime.  It  dissolves  very  sparingly  in  water ;  very  easily  in  sulphide  of 
earbon,  wood-spirit,  alcohol,  ether,  and  fat  oils.     (Nicholson.) 

Dfcompasiiions. — 1.  Cumenylamine  exposed  to  the  air^  even  for  a  few  minutes  only, 
tnmfl  yellow  and  then  dark  i«d,  especially  if  warmed. —  2.  The  vapour  bums  with  a 
yellow,  very  fuliginous  flame. —  3.  It  is  violently  attacked  by  chlorate  of  potassium  and 
j^rocJUoric  ad^  and  converted  into  a  brown  viscid  mass,  which  smells  strongly  like 
trichlororophenic  add,  and  is  dissolved  by  alcohol,  leaving  a  residue  of  chloraniL — 
4.  Bj  bromine  it  is  converted,  with  rise  of  temperature  and  evolution  of  hydrobromic 
addv  into  a  solid  mass,  which  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether, 
oystallifles  in  white  needles,  and  is  perhaps  tribromocumenylamine  (C*H"Br*N). — 

6.  Strong  nitric  acid  dissolves  cumenylamine  with  splendid  purple  colour,  and  water 
added  to  the  liquid  throws  down  flakes  which  appear  to  be  an  acid. —  6.  Dry  chromic 
add  becomes  very  hot  in  contact  with  cumenylamine,  but  does  not  set  it  on  flre. — 

7.  In  phosgene-gas,  cumenylamine  is  immediately  converted  into  a  crystalline  mass, 
which  se^rates  from  alcohol  in  lon^  crystals  like  nitre ;  probably  dicumenylcarbamids 
N*.H*^C*fl")*.(CO)'',  homologous  with  diphenylcarbamide  or  carbanilide. — 8.  Cume- 
nylamine dissolves  in  sulphide  of  carbon^  and  then  gives  ofif  a  large  quantity  of 
tolphuretted  hydrogep ;  water  added  to  the  solution  throws  down,  after  a  long  time, 
a  quickly  solidifying  oil,  which  crystallises  from  alcohol  in  long  needles ;  probably 
dieumen^lsulphocarbamide,  N«.H«.(C»H")«(CS)"  (Nicholson).— 9.  When  dissolved  in 
water,  it  is  converted  by  cyanogen  gas  into  cyanocumenylamine  (Hofmann). — 
10.  With  eyanate  of  phenyl,  it  immediately  solidifies  to  a  solid  ciystallino  mass. 
(Hofmann.) 

Salts  of  Cmnenylamlne.  Cumenylamine  is  a  ver^  weak  base.  It  predpitates 
seaquioxide  of  iron  from  ferric  salts.  It  does  not  precipitate  alumina  or  zinc-salts. 
Its  salts  crystallise  veiy  easily,  and,  with  the  exception  of  a  few  double  salts  containing 
chlorides  of  the  heavy  metals,  they  are  colourless,  but  turn  reddish  on  exposure  to  the 
air,  or  when  dried  at  a  very  high  temperature.  They  have  an  add  reaction  and  are 
anhydrous,  like  the  salts  of  phenylamine.  From  concentrated  solutions  of  cumeny  lamine- 
salts,  alkalis  separate  the  cumenylamine  in  dark  oil-drops,  and  from  dilute  solutions 
in  the  form  of  a  curd.  All  the  salts  of  cumenylamine  dissolve  in  water,  but  better  in 
alcohoL    (Nicholson.) 

Acetate  of  Cumenylamine  crystallises  readily. 

Hydrobromate  of  Cumenylamine  crystallises  readily. 

Hydrochlorate  of  Cumenylamine,  C*H»*N.HCL — The  combination  of  cume- 
nylamine with  hydrochloric  acid  is  attended  with  evolution  of  heat.  The  salt  crys- 
tidlises  from  water  or  alcohol  in  large,  colourless,  inodorous  prisms,  which  turn  red  in 
the  air  when  moist.  It  does  not  undergo  any  alteration  at  100°  C,  but  melts  and 
snbh'mes  when  strongly  heated. 

Chloroplatinate  of  Cumenylamine,  Cir'N.HCJLPtCl'.— When  a  warm  aqueous  solu- 
tioQ  of  hydrochlorate  of  comenylamiue  is  mixed  with  excess  of  dichloride  of  platinum. 
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the  liquid,  on  cooling,  deposits  long  yellow  neodles,  which  may  be  obtained  pore  by 
washing  with  cold  water.  The  salt  is  decomposed  by  boiling  water.  When  heated 
fer  se  to  100^  C,  it  becdmes  darker,  without  farther  alteration,  and  at  a  stronger 
neat,  gives  off  hydrochlorate  of  cumenylamine,  and  leaves  platinum.  Alcohol  dissolves 
it  in  krgo  quantity ;  and  the  solution  yields,  after  a  while,  dark  red  oil-drops,  which 
solidify,  after  the  alcohol  has  evaporated,  in  a  crysUllline  mass  of  a  splendid  orange- 
yeUow  colour. 

With  Protoehloride  of  Palladium,  hydrochlorate  of  cumenylamine  forms  a  double 
salt,  resembling  the  chloroplatinate  in  appearance. 

Sulphate  of  Copper  forms,  with  alcohohc  cumenylamine,  a  precipitate  of  &  fine  green 
colour. 

Protochloride  and  Cyanide  of  Mercury  form,  with  alcoholic  cumenylamine,  white 
crystalline  precipitates  which  are  decomposed  by  boiling  water. 

With  Trichloride  of  Gold,  alcoholic  cumenylamine  forms  a  violet  precipitate,  which 
dissolves  with  violet  colour  in  a  larger  quantity  of  alcohol. 

Hydrofiuate  of  Cumenylamine  crystallises. 

Hydriodate  of  Cumenylamine  crjistalhsea  readily:  it  appears  to  be  the  most 
soluble  of  the  cumenylamine  salts. 

Nitrate  of  Cumenylamine,  C*H*'N.HNO*. — ^When  cumenylamine  is  dissolved 
in  dilute  nitric  acid,  the  liquid  becomes  filled,  on  cooling,  with  long  needles,  which  are 
colourless  if  the  acid  used  was  not  too  strong.  The  salt  remains  unaltered  at  100^  C. 
It  is  soluble  in  water  aod  in  alcohoL 

With  oxalic  acid,  cumenvlamine  forms  a  neutral  and  an  acid  salt^  which  are  both 
cxystallisablc,  but  cannot  be  separated.  By  dry  distillation,  they  yield  a  slightly 
crystalline  mass,  which  dissolves  sparingly  in  alcohol,  and  exhibits  the  relations  of 
oxycumenylamine.     (Nicholson.) 

Phosphate  of  Cumenylamine  crystallises  readily. 

Sulphate  of  Cumenylamine,  2C*H"N.H*S0*. — ^When  cumenylamine  is  dissolved 
in  boiling  dUute  sulphuric  acid,  the  solution,  solidifies,  on  cooling,  in  a  crystalline  mass, 
which  mav  be  obtained  perfectly  pure  by  recrystaUising  with  animal  charcoal.  In- 
odorous; has  an  unpleasantly  bitter  taste.  At  100^0.  it  gives  off  the  odour  of 
cumenylamine,  and  assumes  a  reddish  colour,  without  farther  alteration.  Dissolves 
sparingly  in  cold  water,  much  more  readily  in  alcohoL 

Osranoonmenylamiiie.  C»It»«N.CN,  or  2C"ir"N.Cy*.— An  alcoholic  solution  of 
cumenylamine  saturated  with  (^anogen  quickly  deposits  long  needles  of  cyanocume- 
nylamine,  which  are  cosily  pureed  by  crystallisation  from  ScohoL  This  substance 
forms,  with  hydrochloric  acid,  a  salt  nearly  insoluble  in  water.  (Hofmann,  Ann. 
Ch.  Pharm.  Ixvi.  146.) 

VttroenmenjteiiilBe.  CH*<(NO*)N.  (C  ah  ours,  Compt  rend.  xxiv.  557 ;  xxvL 
315.)*— Prepared  by  treating  an  alcoholic  solution  of  dinitrocumene  with  sulphide  of 
ammonium.  It  forms  yellow  ciystalline  scales,  which  melt  below  100^  C,  and  solidify 
in  a  radiating  mass  on  cooling.  The  compound  exerts  a  slight  but  distinct  alkaline 
reiibtion  on  test-paper.  It  is  insoluble  in  water,  but  dissolves  readily  in  alcohol  and 
ether. 

It  is  partially  decomposed  by  distillation ;  nevertheless  the  greater  part  passes  over 
unaltered. — Bromine  acts  violently  upon  it,  converting  it  into  a  crystallioe  product^ 
which  is  no  longer  basic. — It  is  not  altered  by  chloride  ofbenzoyLtLt  ordinary  tempe- 
ratures; but  between  50^  and  60^  C.  it  is  converted,  with  violent  action,  into  a  ciys- 
talline product^  which,  when  dissolved  in  alcohol,  after  being  washed  with  acid, 
alkaline,  and  pure  water,  crystallises  in  snow-white  needles,  containing  C'H'^N'O'a 
N.(C'H*O.NO'.C*H"),  nitride  of  benzoyl,  cumenyl  and  nitryl,  corresponding  therefore  to 
benzamide  and  benzanilide. — With  chloride  of  cumyl  and  chloride  of  cinnamyl,  it 
forms  products  similar  to  that  with  chloride  of  benzoyl 

Nitrocumen^lamine  neutralises  acids  completely,  even  the  strongest,  formine  salts 
which  crystallise  well.  These  salts,  if  exposed  to  air  in  the  moist  state  or  in  solution, 
decompose  quickly,  assuming  a  greenish-blue  colour. 

The  sulphate,  2C»H«(N0«)N.H«S0*  +  aq.,  is  obtained  by  dissolving  nitrocume- 
nylamine  m  hot  dilute  sulphuric  acid,  and  leaving  the  solution  to  cool  slowly.  Long 
needles  having  a  strong  lustre.    May  be  pulverise<l. 

Hydrochlorate. — The  saturated  solution  yields,  by  slow  cooling,  white  silky  needles, 
which,  in  the  dry  state,  are  composed  of  C*H'*(N0«)N.HC1  +  aq. 

The  oxalate  forms  slender  needles. 

OUaonrsX-SirXiPSmtOinBI  ACZB.  Cumene-sulphuric,  Sulphoeumenic,  Sul- 
phoeumolic,  or  Sulphocumenyiic  acid.    (?R^*SO*  ^  ^^^XjAo\     (Gerhardt    and 
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C ah  ours,  Aim.  Ch.  Phys.  [3J  L  90.)— This  acid  is  produced  by  the  action  of  ftiming 
sulphuric  acid  od  cnmene.  It  is  not  known  in  the  free  state,  but  the  barium-salt  may  be 
prepared  as  follows : — 2  pts.  of  fuming  oil  of  vitriol  are  poured  upon  1  pt  of  cumeno  in  a 
glass  cylinder,  and  the  liquid  is  stirred  till  the  whole  of  the  cumene  is  dissolved.  When 
Lige  Quantities  are  used,  the  whole  may  be  left  to  stand  in  a  closed  vessel,  the  cumene 
then  dissolying  gradually.  The  dark-brown  solution  is  diluted  with  4  volumes  of 
water,  whereupon,  if  the  cumene  and  the  acid  have  been  long  enough  in  contact,  a 
eolourless  solution  is  formed,  without  separation  of  cumeno ;  and  the  liquid,  saturated 
with  pulverised  carbonate  of  barium,  then  filtered  and  evaporated,  yields,  on  cooling, 
cumenylsulphite  of  barium.  The  colourless  mother-liquor  yields,  to  the  last  drop,  the 
same  ralt^  which  may  be  obtained  pure  by  pressure  between  paper. 

Cumenylsulphite  of  Barium,  (7H"BaS0',  forms  very  beautiful  scales,  having  a 
atzong  pearly  lustre.  It  dissolves  very  easily  in  water,  especially  when  hot.  It  is 
■olabfe  in  alcohol,  even  in  anhydrous  alcohol,  and  likewise  in  ether. 

The  aqueous  solution  does  not  precipitate  chloride  of  cadmium,  neutral  acetate  of 
lead,  or  the  salts  of  bismuth,  nickel,  copper,  or  mercury. 

CrUBOCmi  A  name  sometimes  applied  to  the  radicle  of  cymylic  alcohol, 
C»H».H.O. 


Vf  OI&  OV.  A  volatile  oil  obtained  from  the  seeds  of  Cuminum  Cj/minum 
by  extraction  with  absolute  alcohol  and  precipitation  by  water.  It  is  a  mixture  of 
cmninol  (p.  182)  and  cjrmene. 

IC  ACZ2>.    See  Oxtcuionamic  Acid  (p.  179). 

»B  or  CVMTZJLMZBB.  C>«H"NO  =  N.mG>»H"0.  (Field, 
Ann.  Ch.  Pharm.  Ixv.  46.)  — This  compound  is  obtained  by  the  action  of  heat  on 
eliminate  of  ammonium : 

C»«H»(NH<)0»  -  mo  =  C'»H'*NO, 

or  by  the  action  of  ammonia  on  cuminate  of  ethyl,  chloride  of  cumyl,  or  cuminic  an- 
hydride. Like  benzamide,  it  crystallises  in  two  different  forms,  according  to  the 
manner  in  which  it  is  deposited.  By  rapid  crystallisation  from  a  strong  solution,  it  is 
obtained  in  highly  lustrous  tables,  whereas  a  dilute  solution  deposits  it  in  long  opaque 
needles.  It  dmsolves  sparingly  in  cold  water,  easilv  in  alcohol  and  in  ether.  It  offers 
considerable  resistance  to  the  action  of  strong  alkabs,  and  requires  long  boiling  with  an 
acid  or  an  alkali  to  convert  it  into  ammonia  and  cuminic  acid. 

Cumophenamide  Gt  Cumanilide,  C'«H"NO  =  N.C"H"O.C«H*.H,  is  produced 
by  the  action  of  chloride  of  cumyl  on  phenylamine.  The  mixture  becomes  very  hot, 
and  ciimophenainide  is  formed,  which,  when  purified  by  washing  with  water  and  crystal- 
liaation  fix>m  alcohol,  in  which  it  dissolves  but  sparingly,  forms  long  satiny  needles,  re- 
sembling benzoic  add.    (Cahours,  Ann.  Ch.  Phys.  [3]  xxiii.  349.) 

Cumth9ulphophenamide,  C"H"NSO»=  N.C"H»O.C«H*SO^H.  (Gcrhardt  and 
Chiozza,  Ami.  Ch.  Phys.  [3]  xlvi.  151.)— Sulphophenamide  treated  with  chloride  of 
cumyl  in  the  oil-bath  at  a  moderate  heat  is  rapidly  attacked,  and  on  cooling  solidifies 
to  an  amorphous  glassy  mass,  which  may  be  crystallised  from  alcohol.  If  the  tem- 
perature were  allowed  to  rise  too  high,  cumonitrile  and  sulphophcnic  acid  would  be 
produced. 

The  compound  forms  rectangular  prisms  with  shining,  well-developed  terminal  faces. 
It  is  insoluble  in  boiling  water,  but  dissolves  easily  in  cold  and  still  more  in  hot 
alcohol,  easily  also  in  aqueous  ammonia.  It  melts  at  161^  C.  When  quickly  heated 
in  a  test-tube,  it  gives  off  cumonitrile. 

Cumo-8ulphophenargentamide^  N.C"H"O.C*H'SO'.Ag,  is  obtained  by  adding 
nitrate  of  silver  to  a  solution  of  cumo-sulphophenamide  in  boiling  water  contaiuing  a 
few  drops  of  ammonia.  It  forms  very  liglit  slender  needles  nearly  insoluble  in  boiling 
water,  easily  soluble  in  ammonia.  Decomposes  quietly  when  heated,  giving  off  cumo- 
nitrile. (Gerhardt  and  Chiozza,  loc,  cit.) 

CumO'Sulphophen-argento^iamide,  N«.H*.Ag.C«H»SO«.C'«H"0,  is  obtained 
by  dissolving  the  preceding  compound  in  ammonia,  and  leaving  the  solution  to  eva- 
jtorato.  Ciystallisea  in  nacreous  needles,  grouped  like  a  fan.  Soluble  in  alooliol,  very 
riightly  soluble  in  water.  When  boiled  for  some  time  with  water,  it  gives  off  a  little 
ammonia. 

CumO'hengO'8ulphophenamide,  C«H«'NSO«  -  N.C'«H'»O.C'H»O.C«n»SO«. 
Forme<l  by  the  action  of  chloride  of  cumyl  on  benzosulphophenargentamido  (i.  640),  and 
obtained  in  confused  prisms  by  dissolving  the  product  in  hoiling  ether  and  evaporating. 
It  is  nearly  insoluble  in  water,  more  soluble  in  alcohol,  sparingly  in  ether.  Am- 
monia dissolves  it  with  difficulty,  the  solution  being  precipitated  by  acids  and  by  the 
aalta  of  lead  and  silver.     (Qerhardt  and  Chiozza,  loc.  cit,) 
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Cumo'salieylamide,  C'*H"NO»  =  KC'"H'^O.C'H'O^H  ?— Obtained  by  tho 
action  of  chloride  of  cumyl  on  Balicylamidc.  Crj^stalliaes  in  very  light  aliining  needles* 
nif^ltmg  At  20U°  C,  beconiiug  pasty  st  a  Htrotiger  heat^  and  rrmuitiiiig  bo  on  ccH^ling. 

CtratXn^C  acid.  Om'H)*  ^  C»»H"O.HA  or  C^H'^O".  (Gerbardt  and  Ca- 
hoTirs  [1840],  Add.  Cb.  Pliys.  [3]  i.  70.  Gm.  xir.  148.)— This  acid  m  produced  by  the 
oxidation  of  the  oxygenated  oil  (hydride  of  cuinyl)  contained  in  efUicnce  of  ctunin. 

Prrparation.  —  Hydrido  of  cumyl  ia  added  drop  by  drop  to  potash  in  the  state  of 
fbsrion,  whereupou  hydrogen  i§  eyolvtHl  and  cuminnte  of  potoftaium  is  formed  ;  and  this 
salt,  dkeolved  in  crater  and  de(^:imjx>s*d  by  nitric  acid^  depositif  cumlnic  acid,  which 
may  be  purified  by  crystalliKation  from  iilcohoi 

The  formation  of  cuminate  of  pottiasinm  in  this  process  ia  represented  by  the 
equation : 

C«H'*0  +  KHO  =  C»»H»'KO  +  H* 

Hyclridciaf  Curnlnaleof 

JV»>pef /w*,  —  ColourleBs  prismatic  tables,  having  &  pure  acid  taste  and  an  odoiir 
■omefwhat  like  that  of  bugs.  It  melts  at  92^  C„  and  Tolatilisea  at  about  26(P.  It  is 
nearly  inaolublc  in  cold  water,  but  soluble  in  alcohol  and  ether.  When  pure,  it  dissolves 
without  colour  in  introug  sulphurie  acid, 

Dtvompasitions.  —  1.  Fuming  nitrw  add  coDTert^  cumin ic  add  into  nitrocnmiaic 
acid ;  with  a  mixture  of  nitric  and  tuiphuric  acid»,    it  yields  dinitrocnminic  acid, 

2.  By  dry  distillation  with  baryta  or  ItTfit,  it  ia  resolved  into  cMuone,  C*H'-,  and  car- 
bonic acid : 

Ci«H"0'  +  BaK>  =  C^n**  +  I5tt«C0\ 

3.  With  pnitacht4>ride  of  phosphorite,  at  a  tjemperature  not  exceeding  50*^  or  60°  d 
it  yields  oiy  chloride  of  phoHphorus,  chloride  of  cum  jl,  and  hydrochlorie  aeid: 

C'"H»'O.H.O  +  PCRCl*  =  PCm  +  C'*H"0.C1  -f  HO. 

4.  OxycMoride  of  phosphortta  converts  cuniinate  of  sodiniti  into  oumini  canhydride 
(Gerhardt). — 6.  Cumiuic  acid  boiled  with  acid  chrojnatc  of  potassium  and  sy/pkuric 
acid  IS  converted  into  insolinic  acid,  C"H*D*  (Ilofmann,  Ann.  Ch.  Pharni.  xlvii* 
197). —  6.  Cununate  of  potassium  heated  with  br&midc  of  ct/anogen  yields  cumonilrile 
and  bromide  of  potassinrtL — 7.  The  sodium-salt  heated  with  cmoride  ofcumyl^  Q^t^f, 
or  Inmoyf^  yiehis  cuminic,  acetocuminic,  or  beiizocuminic  anhydride  (Gerhard t)u — 
8.  Cumiuic  acid  doi^  not  undergo  any  transformatioD  in  pusaing  through  the  amiual 
orgaiii^ra^  but  is  found  iJi  the  iinne  on  altered. 

Cu  »iyATBS»—  Cnminic  acid  is  mooobasic,  the  formula  of  it«  salts  being  C"H*'MO". 

Cuminatf  of  ammonium  forms  delicate  tnfta  which  lose  their  lustre  when  exposed  to 
the  air.  When  heated^  it  gives  up  the  elements  of  water  and  ^'ields  cuminamido  and 
cumonitrile.     The  potas&iutH-saH  iH  deUf|uescent,  and  cannot  be  obt^dned  in  regular  form. 

CuminaU  of  fmrium^  C'*H"BaO^  l*  obtained  in  dazzling  white  nacreous  scales  by 
decomposing  carbonate  of  barium  with  a  eolation  of  i^uminic  acid.  With  a  hot  con- 
centrated solution,  the  salt  is  precipitated  immediately  on  passing  throu|?h  the  fiher ; 
and  each  crystal,  at  the  moment  of  its  formation,  reflects  the  light  with  great  vividne^w^, 
exhibiting  all  the  tints  of  the  spectrum. — CutninaU  of  cafcium  forma  small  needles 
moderately  soluble  in  v,'nt'i^T,-—Ctiminaie  of  copper  is  light  bluo  and  insolubk  in  wattr. 
— Ouminate  of  had.     White  precipitate,  ineoluble  in  water, 

Cwm'naU  of  silwr,  C'H'^AgO^,  isobtAinod  by  adding  nitrate  of  silver  to  cuminate  of 
ammoniuio*  It  is  white,  curdy,  and  blackens, nvpidly  when  exposed  to  the  light. 
When  calcined,  it  leaves  a  residue  of  ciirburet  of  sitTer,  CAg*,  of  a  dull  yellow  colour. 
By  dry  distillation,  it  yields  carbonic  anhydride,  cnminic  acid,  and  cumene, 

Dtrivativcs  of  Cuminie  Acid, 

iritroommliilo  Aeld.  C'*H^*(^<^-)0^  (Gerbardt  and  Cahour^  Ann.  Ch. 
Pbys.  [3]  i,  73  ;  Cahours,  ibid,  xxv.  36.)^ Produced  by  the  action  of  filming  nitric 
acid  on  cuminie  acid.  On  boiling  the  mixture,  and  then  adding  water,  the  nitrtx-u- 
mlnic  acid  separates  as  a  heavy  yellovv  oil,  which  soon  solidifies.  It  ia  triturated, 
washed  with  distilled  water,  and  ervetaUised  from  alcohol, 

Nitrocuminic  acid  forms  yellowisn- white  scales,  insoluble  in  water,  easily  soluble  in 
alcohol  and  ether.  It  dissolves  in  ammonia,  potaijh,  and  soda,  forming  cjystallisable 
aalt*.  The  calcium-salt,  C"H'*Ca(NO-)0,  crystallises  in  stellate  groups  of  yellow 
nenlles,  which  become  darker  when  exposed  to  light.  The  silvvr^scdt^  C**H'*{NO*)AgC)\ 
is  a  white  precipitate  inselublc  in  water. 

Blnltraonmlnle  Acid,  C^*H">(NO^)«0*.  (Ca hours,  Ann.Ch.Ph^.  [3]  xxt.  37.) 
— Wticn  cuminie  acid  is  addwl  by  small  |iortioii8  to  a  gently  heated  mixture  of  fUmiiig 
nitric  and  sulphuric  acid,  it  diwippeiira  without  evolution  of  gas.    On  boiling  the  liqtiid. 
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nd  Taponn  are  erolred,  and  nitrocuminic  acid  is  deposited  in  shining  yellow  scales, 
which  may  be  recrystallued  from  boiling  alcohol.  It  dissolTes  also  readily  in  ether. 
It  is  not  acted  npon  by  fuming  nitric  acid,  even  after  long  boiling.  It  does  not  dissolre 
in  eanstte  ammoniai  potash,  or  soda,  or  appear  to  combine  with  them  by  long  boiling. 
Hydrogen  in  the  nascent  state  (from  acetic  acid  and  iron)  conyerts  it  into  diozy- 
cominamic  acid  (p.  180). 

According  to  Cahours,  dinitrocuminic  acid  does  not  combine  with  bases,  and  is 
insoluble  in  aqueous  potash,  soda,  or  ammonia,  even  at  the  boiling  heat ;  according  to 
Kraut,  on  the  other  hand  (Chem.  Contr.  1869,  p.  85),  it  unites  with  bases,  forming 
yellowish-red  salts  which  become  darker  on  exposure  to  light.  The  barium-salt 
C*H»Ba(NO*)*0*,  is  obtained  by  dissolving  the  acid  in  baryta  water,  precipitating  the 
excess  of  baryta  with  carbonic  add,  then  boiling,  filtering,  and  evaporating :  it  separates 
in  films  which  become  crystalline  on  standing.  The  calcium-salt,  C"H»Ca(N02)K)*, 
prepared  in  like  manner,  forms  yellow-red  needles,  which  dissolve  easily  and  with 
deep  wine-red  colour  in  boiling  water.  The  silver-salt,  C"H*Ag(NO')*0'  +  aq.,  obtained 
b^  precipitating  the  calcium-salt  with  nitrate  of  silver,  and  reciystallising  the  preci- 

Eitate  from  bouing  water,  forms  light  yellow  needles,  which  are  scarcely  altered  by 
ght,  but  when  heated  to  100°  C.  give  oflf  5  per  cent  («  1  at)  water.  (Kraut) 
OsTWBlBlo  Aeld.     C**H>H)'.  rCahours,  Ann.  Ch.  Phys.  [3]  liii.  338.)— This 
acid,  regarded  by  Kolbe  as  C**£[*\HO)0*,  tliat  is,  as  derived  from  cuminic  acid  by 
the  substitution  of  HO  for  1  at  hydrogen,  is  produced  by  the  action  of  nitric  oxide  or 
nitrous  add  on  oxycuminamic  add  dissolved  in  a  moderate  excess  of  nitric  acid : 
C"H»*NO«+  HNO«  «  C"H"0*  +  N«  +  H»0. 

Oxfctuniiuuiile  Oxycarainlc 

add.  Mid. 

It  separatee  in  small  brownish  prisms,  sparingly  soluble  in  cold  water,  more  soluble 
in  boiling  water,  still  more  in  alcohol.  It  unites  with  bases,  and  some  of  its  salts 
crystallise  welL    The  silTer-salt  has  the  composition  C'*H"AgO'. 


\  Mid,  C"H"NO»  «  N.H».(C"H'»0)''  .H.O,  or  Amidocuminic  acid, 
C'»H"(NH^O',  also  called  Cuminamie  acid. — This  acid,  the  homologue  of  oxybenzamic 
add,  was  discovered  by  Cahours  (Ann.  Ch.  Phvs.  [3]  liiL  822.)  It  is  produced  by 
the  reduction  of  nitrocuminic  add,  either  with  sulphvdric  acid,  or  with  ferrous  acetate. 

Preparation. — 1.  Nitrocuminate  of  ammonia  is  reduced  by  excess  of  sulphydric  acid ; 
the  liquid  is  evapoiated  at  a  gentle  heat  till  all  the  ammonia  is  expelled  and  the 
excess  of  sulphur  is  separated ;  the  concentrated  solution  is  precipitated  by  a  slight 
ezeeas  of  acetic  add ;  and  the  resulting  predpitate  is  collected,  washed,  dried,  and 
reoystaUised  from  alcohol  (Gahoum).  —  2.  It  is  also  obtained  by  treating  nitro- 
cuminic add  with  iron  filings  and  acetic  add  (a  brisk  action  then  taking  pUce,  at- 
tended with  rise  of  temperature,  after  which  the  mixture  must  bo  heated  for  a  while 
in  the  water-bath),  digesting  the  mixture  with  aqueous  carbonate  of  sodium,  filtering, 
neutralising  the  excess  of  soda  with  acetic  add,  precipitating  with  acetate  of  lead,  and 
decomposing  the  predpitate  with  sulphydric  acid.     (Bo u  11  e  t,  Compt.  rend  xliii.  399.) 

The  add  forms  colourless  or  light-yellow  cr>'stals,  sparingly  soluble  in  cold,  more 
soluble  in  hot  water;  also  in  alcohol  and  in  ether, 

Jkcompoaitions, —  1.  In  solution  in  nitric  acid,  it  is  converted  by  nitric  oxide  gas 
into  oxycuminic  add. — 2.  By  treating  aleoholic  oxycuminamic  acid  with  nitrous  acid, 
light  yellow  needles  are  obtained,  consisting  of  a  new  dibasic  acid  -  C^'N'H'H)* 
(P.  Oriess,  Compt  rend.  xlix.  80) : 

2C'«H»«N0«  +  HNO«  «  C»H"NK)*  +  2H«0. 

This  add,  icttarded  by  Oriess  as  diazocumin-amidocuminic  acid,  »  C'*H'*NK)'. 
0*H"(NH*)0',  forms  yellow  crystals,  insoluble  in  water,  and  nearly  insoluble  in  alcohol 
and  ether. — 3.  Oxycuminamic  add  distilled  with  caustic  baryta  or  lumps  of  potash, 
yieldsi  an  alkaline  carbonate  together  with  cumenylamine. 

CombinaHons,  —  Oxycuminamic  add  unites  with  bases,  but  its  metallic  salts  have 
not  been  examined.  The  ethyl-compound,  C'»H"(C«H*)NO»,  is  obtained  by  re- 
dodng  nittocumioate  of  ethjrl  with  sulphide  of  ammonium,  or  with  iron  filings  and 
acetic  add.  It  is  a  heavy  oil,  which  dissolves  in  hydrochloric,  nitric,  and  sulphuric 
add,  fbnning  arrstallisable  compounds.  Ammonia  decomposes  it  slowly,  forming  a 
snbstance  pfobaUy  analogous  to  phenyl-urea. 

OxyenmLiamic  add  likewise  unites  with  other  adds,  forming  crystalline  salts. 

Hydrochioraie,  0*^**NO'.HCL — Oxycuminamic  add  dissolves  slightly  in  boiUng 
hydracUorie  acid,  and  the  solution  on  cooling  deposits  thin  needles.  The  compound 
n^  also  be  pcep*'^  bj  adding  alcohol  to  a  mixture  of  oxycuminamic  acid  and 
hjrdioefalaric  acid,  wbereby  a  eonsiderable  quantity  of  oxycuminamic  add  is  dissolved. 
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und  erapoTOting.  Delicate  shining  prifluis,  which  dissolve  in  water,  and  are  parti j 
prbcipitttted  on  addition  of  hydrochloric  acid. 

The  cMoroplatinatt,  C'*fl"N0'.HCl.Pt01',  ifl  obtained  by  adding  alcoKol  to  the 
mixed  solattODs  of  concentmted  dkhloride  of  platinum  and  hydrot^hlorato  of  oxycami* 
namic  acid»  wacming  tho  mixture  till  it  dissolves,  then  filtering  and  leaving  the 
solution  to  evaporate.     It  forms  long  reddish  needles* 

The  nitrate  forms  beautiinl  prisma. 

Sulphatf,  2C^*H*'N0*.iPS0*.— Oxjcuminamic  add  i^  mixed  in  alight  exoeaa  with 
oil  of  Titriol  diiut4[^d  with  an  equal  bulk  of  water,  and  the  mixture  ia  diasolved  in  warm 
alcohol  On  cooling,  thin^  white,  silky  needles  are  deposited*  The  compound  has  a 
elightly  sweet  taBte,  dioaolTei  sparingly  in  cold,  easily  in  hot  wat«r. 


Sloxyctimlnamio  acW,  C'*n'^N=0'  =  KlH*.(C''H'Or,n.O,  or  Biamidoeuminie 
a&id^  C^"IP"(NH')'.0':  alHt^  called  Bieumin&mic  odd. — ^This  acid,  tho  homologue  of 
dioxybenzamic  acid»  ia  obtained  by  reducing  dinitroeuminic  acid  with  iron  filings  and 
acctie  acid,  the  mode  of  preparation  being  simOar  to  that  of  o^cnminamic  add.  It  i« 
crystalliaable,  and  unites  with  bases  (BouUet,  Compt.  rend,  xliii  399).  The  first  of 
the  above  mtional  formulae  repreaenta  the  comp:)und  as  a  diamic  acid  derived  from  a 
hypothetical  dioiybenzoic  add,  C**H'*0*,  containijig  the  tTifltoraic  radicle  C**fl.'0. 
CUBCXBTZG  AZiCOHOIi.  Syn.  with  Cymylic  Axcoeol  {q.  v.) 
CimiXliZC  fLXiDBHTBE.     ^yn.  with  HTDaiDB  of  Cumtl  (p*  182). 

OU  MXJi  XC  AWSniKXXlS.  Anhydrous  Cuminic  acid.  CuminaUf  of  Cttm^l^ 
Cwfl^O'  =  (C"^lt"OfO.— [Gtrhardt  (1852),  Ann.  Ch,  Phya.  [3]  xxxTiL  304.]-— 
Produced  by  the  action  of  chloride  of  cumyl  on  cuminate  of  e<4ium*  The  two 
aubstanecfl,  perfectly  dry,  are  heated  together  iu  ti  fla.sk,  till  the  odour  of  chloride  of 
cumyl  completely  diaappi'ara.  A  syrupy  muss  ia  then  letl,  which,  when  treated  with 
hot.  water,  yields  the  anhydride.  Tha  product  may  bti  purified  by  recryatalliaing 
it  several  time**  from  pure  ether. 

Cutninic  unbydride^  recently  prepared,  is  oily,  tasteless,  nearly  colourless^  and 
inodoroua,  but  soon  experiences  a  molecular  change,  by  which  it  ia  converted  into  a 
mass  of  Tery  brilliant  rhomloidal  cryatala.  In  moist  air,  it  is  rapidly  converted  into 
cuminic  ucid.     With  ammonia  it  fonns  cununamide. 

Cumin acsticAnhtdriiib.    See  Acbto-cuhinic  Aitbtdbibb,    (i.  2L) 

OuMiKO-BENZoi0  Akhtdbidb.    See  Bskzok^vminio  AifHTDaiDiL     (i.  £S8.) 

CtTKiiro- BIT  OB  24^10  ANHTDBinH.  Cumifiate  of  Enffcnyt,  C*H^O*  ^  C**H'^0, 
C*'H*'0.0. — Isomeric  with  cuminic  ombydride;  obtained  by  heating  eugenic  add  with 
chloride  of  cumyl  CrystaUisee  in  colourless,  very  brilliant  plates,  which  melt  very  easily, 
but  do  not  Tolatiliae  below  400°  C.  It  is  not  decomposed  by  boiling  potash-ley,  but  when 
fused  with  hydrate  of  potassium,  it  i^  resolved  into  cuminate  and  eiageiiat4?  of  potasriuDa. 
Sulphnric  add  decomposes  it  in  a  simihir  manner.  Fuming  nitric  acid  decomposes  it 
readily,  proilueing  a  reddish -yeDow  tenacioua  mass,  in  which  crystals  may  be  obserped. 
Hydrochloric  add  does  not  act  upon  it,  oven  at  boiling  heat,  (Cahonrs,  Ann.  Ch. 
Phys,  [3]xli.491.) 

CuMifT-CBKAJTT HYLIC  Anhtdkide.  Cuminate df  (Enantht/J ^  C^'H^'O'^CH^'O. 
C*H"0.0.^ — Produced  by  the  action  of  chloride  of  cnmyl  on  oenanthylate  of  potassium. 
It  ia  an  oily  liquid,  heavlcT  than  water,  and  smeUing  like  apples.  Its  vapour  exdtee 
coughing.     (Chiozaa  and  Malerba,  Gerh.  Trait^  iii.  601), 

Cciio*sAi.icTLous  A K B YU B I D B,  CuTTiinate  of  Salieyl,  Ctemosalict/i,  C"H"0*  — 
Ci*H»«O.C^H»0%0.  (CahoTirs,  Ann.  Ch.  Phys.  [i]  Hi.  19 7:)— Obtained  by  beating 
Balicylous  acid  with  eloride  of  cnniyL  Crvstalbses  in  eolourless,  shining,  friable 
*  prisms,  which  melt  to  a  dear  oil  at  a  gentle  heat,  and  solidify  on  cooling.  Insoluble 
in  cold  water*  f?lightly  soluble  in  boiling  water ;  soluble  in  alcohol,  espedul ly  when 
warm  ;  insoluble  iu  ether.  With  chlorine,  brotnirif^  and  fuming  niirte  acid^  it  yields 
crystjilbaable  pmKiucta  It  is  not  attached  by  solid  cans  tic  ^/ojA  or  by  aqueous  potash, 
even  at  iha  Ixtiling  heat. 

CuMO'METHYL-sALiOTiic  AwHTiiBinB.  CktmtnaU of  MtthyUAitlicyl,  C'»H*"0*  — 
C"H"0,C'H*(CII*)0*.0.  (Gerbardt,  Tmit^,  iii,  317.)— Produced  by  heating  chloride 
of  cumyl  with  salieybte  of  methyl  (oil  of  wintergreen).  The  product  is  a  viscid  oil 
which  rf^mains  fiuid  for  a  long  time,  but  if  a  email  quantity  of  ether  is  poured  into  it, 
it  solidities  in  a  radiated  mass  as  the  ether  evapomtes.  It  crystallises  from  boiling 
alcohol  in  very  brilliant  rhouibic  scales,  insoluble  in  cold  water,  sjiariiigly  soluble  in 
cold  aleobnb  very  soluble  in  ether,  which,  as  it  evaporates,  deposits  the  compound  in 
rhomboidol  priHrna,  often  of  eonsideraljlo  sixe.  From  a  hot  saturated  alcoholic  solution, 
it  is  deposited  as  an  oil  which  remains  liquid  for  a  considerable  time. 
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CUMiaiC  wrmmMB.  Cuminate  of  Ethyl,  C'^H^^O'  «  C><*H"O^C''IP.  — 
Obtained  by  passiog  hydrochloric  acid  gas  into  a  solution  of  cuminic  acid  iu  absolute 
alcohol,  till  it  is  no  longer  absorbed,  then  heating  the  liquid  over  tiie  water-bath  to  expel 
the  excess  of  alcohol,  distilling  the  residue  over  the  naked  fire,  washing  the  distillate 
with  carbonate  of  sodium,  and  rectifying  over  massicot.  It  is  a  colourless  liquid,  lighter 
than  water,  and  having  an  agreeable  odour  of  apples.  It  boilc  at  240^  C,  giving  off*  a 
raponr  which  easily  ukea  fire  and  bums  with  a  bluish  flame.  Index  of  refraction  of 
the  liquid,  1*604.  Vapour-density,  6-65.  When  heated  with  solution  of  potash,  it 
yields  alcohol  and  cuminate  of  potassium. 

Cuminate  of  Phenyl.  C"H'»0«  =  C"H>'O.C«H».0.  (Williamson  and 
Scragham,  Proc  Roy.  Soc.  viL  18. — Kraut,  Dissertation  uber  Cuminol  und  Cymen, 
1864.) — Produced:  1.  By  the  action  of  chloride  of  cumyl  on  phenate  of  potassium 
(W.  and.  Scr.). —  2.  By  the  dry  distillation  of  cumo-salicylic  acid,  or  of  a  mixture  of 
equivBlent  quantities  of  chloride  of  cumyl  and  salicylate  of  sodium  (Kraut).  Crystal- 
lites in  long  white  needles,  melting  between  57^  and  68^  C.  and  distilling  without 
decomposition.  It  has  an  agreeable  odour,  resembling  that  of  benzoate  of  phenyl, 
especially  when  heated.     Insoluble  in  water^  easily  soluble  in  alcohol  and  ether. 

A  mixture  of  this  ether  with  nitrate  of  sodium^  heated  with  strong  sulphuric  acid, 
yields  dinitroeuminic  (and  probably  also  nitrocuminic)  acid.  By  sulphuric  acid  alone, 
it  is  resolved  into  cuminic  and  sulphophenylic  acids.  It  is  decomposed  by  alcoholic 
(not  by  aqueous)  potash^  yielding  cuminate  and  phenate  of  potassium.    (Kraut.) 

WOJam    Syn.  of  Htdridb  of  Cuictl  (p.  183). 

ACZB.   Glycocol-cuminic  acid,  Cumyl-oxyaceiamic  acid,  C^^H'^NO' 


—  N.H.C"H"0.(C«H«0)".H.0.—Thi8  add,  homologous  with  hippuric  (benzoyl-oxy- 
acetamic)  acid,  is  produced  by  the  action  of  the  silver-compound  of  glycocol  (oxy- 
acetamate  of  silver)  on  chloride  of  cumyl : 


Nja«.C«H'O.Ag.O  +  C»«H»0.a  -  AgCl  +  N.H.C>»H»'O.C2H«O.H.O. 

The  cnminuric  acid  is  extracted  from  the  product  by  warm  alcohol,  and  remains  on 
evaporation  as  a  brown  mass,  which  may  be  purified  by  pressure  and  recrystallisation. 
Its  silver-salt  is  C"H^*AgNO'.  The  acid  heated  with  aqueous  hydrochloric  acid  is 
resolved  into  glycocol  and  cuminic  add.     (C  a  hours,  Ann.  Ch.  Phys.  [3]  liii.  366.) 

CUlUJITXk  C'*H".  A  monatomic  radide,  of  which  cuminol,  C'^H'H),  may  be 
reeled  as  the  hydrate  »  C>"H".H.O. 

IfM  M  —  ■■»«^^M  ■■■■■I-    See  Hornblende. 

CVlKa-a^TOOXh  Syn.  with  Hydrate  of  Cumtlbne  (hyp.)  «  C'»H'*.H«.0«. 
(See  page  184.) 

CVMOXh    Syn.  of  Cumene  (p.  173). 

CVlKOWXTBZXdB.  C'»NH",  or  Cyanf<f<f  0/ Cwmrny/,  C»H".CN.  (Fr.  Field. 
Ann  Ch.  Pharm.  Ixv.  61 ;  Mem.  Chem.  Soc  iii.  408.) 

Formation, — 1.  By  the  dry  distillation  of  cuminate  of  ammonium,  cuminamide  being 
formed  at  the  same  time.  ~  2.  By  the  action  of  bromide  of  cyanogen  on  cuminate  of 
potaasiam,  carbonic  anhydride  being  likewise  evolved  (C  ah  ours,  Ann.  Ch.  Phys. 
[3]  Iii  201): 

C>»ir»KO«  +  CNBr  =  C0«  +  KBr  +  C'^NH". 

— 3.  By  the  action  of  heat  on  cumosulphophenamide  and  on  cumosulphophenargenta- 
mide.     (Gerhardt  and  Chiozza,  Ann.  Ch.  Phys.  [3]  xlri.  167.) 

Prfparaiion. — Cuminate  of  ammonium  is  heated  in  a  retort  to  complete  fusion,  and 
then  maintained  in  violent  ebullition,  whereupon  large  drops  of  cumonitrile  pass  over 
together  with  water.  As  soon  as  the  oil  has  completely  passed  over,  it  is  separated 
with  a  pipette  from  the  distillate,  and  the  w^atery  liqmd  is  poured  back  into  the  cooled 
retort,  and  redistilled  five  or  six  times.  The  whole  of  the  oil  thus  obtained  is  freed 
hj  washing  with  ammonia  from  traces  of  dissolved  cuminic  acid ;  it  is  then  washed 
BQceeesiTely  with  hydrochloric  add  and  water,  dried  by  leaving  it  for  some  days  over 
chloride  ox  caldum,  and  rectified.  The  portion  which  goes  over  last  may  contain 
water. 

Properties, — Transparent,  colourless  oil,  of  specific  gravity  0*766  at  14°  C.  Refracts 
light  strongly.  Boils  constantly  from  platinum  wire  at  239°  C,  under  pressure  of 
07686  metv  Has  a  very  strons  but  agreeable  odour,  and  a  burning  taste.  It  dis- 
solves bat  slightly  ia  watery  and  renders  it  milky.  Alcohol  and  ether  dissolve  it  in  all 
proportiona. 
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Dfcowposituins,—  1.  The  vapour  of  cuinoDitrile  is  inflaminable,  atid  hitms  witli  a 
brilliiiat  flame. —2.  CumoiiitriJe  is  but  diglitly  al tinned  by  istrong  n/^nV  (u:kl  in  tlie 
cold,  but  oil  iHuliog,  euminjc  or  nitroeuminic  ncid  is  pmduced.  —  3.  Ileatod  with 
potasJiium,  it  bcuoint'ft  darker  and  forma  a  kirper  quantity  of  cyrtiddo  of  potassium. — 
4.  Alcoholic  wj^ajf A  does  not  alter  it  immtHliutely,  but  oonverta  it^  aftor  a  few  di^y^ 
into  a  ciysl^fline  pulp,  cjousisting  of  the  oil  turned  yellow  and  cutniuiLoiidc. 

ClTMaFHSirAllSXllS.     SiH?  CuiDXA^nsB  (p.  177). 
CITMOBiLXtlCTX.     Syn.  with  Cumosat-icylous  AjrarDRiDB  (p.  180), 

CiriilOSikmrcrSb&BSIBfi.  [     See  C^rMENjUcms  {p.  177). 

CITMO^TXi.     Syu.  with  CunTi^ 

GirM01fX«  Weltsien'a  nara^  for  the  radicle  C'^H",  of  which  cuminol  (md.  infj) 
mny  be  regarde=d  as  the  hydrate, 

CtmCT^.  Cumoxffl,  CH^'O. — An  acid  organic  radicle  homologous  with  benzoyl, 
and  forming  a  seriea  of  compounds  correspoinling  to  the  benzoyl- compounds,  xvL 
ht/dnds  of  cumyl  or  cuminoi^  C'"M*'O.H  ;  M^dratc  of  cnmt/l,  or  atminic  acidj  C'H'^O, 
H»0  ;  nitride  of  cumyl  and  hifdrtigen^  or  cuminamide^  N.B.^C'"'H"0,  &c. 

Cumyl  in  the  fret  state^  or  Cumuli  de  of  Cum^l,  C'*H"0',  is  obtained  by  tho 
action  of  chloride  of  cuiuyl  on  an  equi Talent  quantity  of  comylide  of  potasslaffl : 

C'«H"0.C1  +  C'*H"0,E  =  KO  +  (C'"H"0)*. 

The  mixtnpfi  is  gently  heated  to  fiicilitate  the  separation  of  the  chloride  of  potassium, 
and  the  resulting  mass  is  treated  with  a  weak  solution  of  potash  to  decsompoae  the 
last  traces  of  chloride  of  cumyl  It  in  then  digested  with  ether  to  dusolre  out  the 
cumyl,  and  the  ethereal  soktion  is  left  to  eTaporate, 

Cumyl  is  an  oily  liquid^  heavier  than  water ;  ita  odour  is  scarcely  perceptible  at 
ordinary  t-emperatures,  but  becomes  very  stn^ng  under  the  influence  of  heat,  and 
resembles  that  of  the  geranium.  It  boik  at  300^  C,»  decomposing  at  the  nune  time, 
and  yielding  cuminic  aeid,  aerend  substances  less  highly  oxidi«ed  than  that  acid»  and 
earlxjnaceous  matter.  It  is  combustible,  and  bums  with  a  smoky  flama  Heated  with 
potiishj  it  is  converted  into  cuminic  acid  and  hydride  of  cumyl: 

2C"H"0  +  KHO  =^  C'*H»O.KLO  4-  Ct»H^iO.H, 

Cumyl  dissolves  sparingly  in  cold  alcohol,  but  boiling  alcohol  dissolres  it  in  e<m- 
siderable  quantity.     (Chiozza,  Ann.  Cb.  Phys.  [3]  xjomL  246.) 

CUMY1#,  STUBOIB  OF.  Cuminic  AldAydr,  Cuminol.  C'H^^-C^'H'^O.H. 
(Oerhardt  iind  Caboure,  Ann,  Ch.  Phys.  [3]  i.  60.— Bertagnini  Ann.  Cb. 
Pharm.  Ixxjtvi.  276. — Kraut»  Bissertali&n  iibtr  Cuminot  und  Cymen,  1854;  Ann. 
Ch.  Pharm.  icviii.  365. — G  nu  jliw  148.)^Thi8  compound  exists  in  the  essential  oil  of 
ctimin,  which  is  in  fact  a  mixture  of  cniminol  with  a  hydrocarbon  named  Cpmmt 
(C'li'*).  On  distilling  this  essence,  the  cymcne  pasaes  over  iirnt  at  about  200''  C,  and 
afterwards  the  hyflride  of  cumyl.  To  obtain  this  latter  in  the  pure  state,  it  should  be 
distilleifi  aa  rapidly  as  possible  in  an  atmosp>here  of  carbonic  anhydride.  Auotlier  modeof 
se[varntion  is  to  a^tate  the  cumin-oil  with  a  moderately  eoncentrated  solution  of  acid 
sulphite  of  potassium  or  sodium,  which  takes  ii|>  the  hytlride  of  cumyl,  but  not  the 
cymene,  forming  a  cry  stall  iJie  oomponnd  from  which  the  hydride  of  cumyl  may  be  separ- 
ated by  potash.  Hydride  of  cnmyi  also  occurs,  together  with  ciTncne,  in  the  Tol&tileoil 
ot^tained  from  the  seeds  of  the  water-hemlock  {Cicttia  vtrosa),  and  may  be.Bepttrated 
by  acid  sulphite  of  potasj«ium  as  above*     (Trapp,  Ann.  Ch.  Pharm.  cviii.  38iS.) 

Propertirs. — Hydride  of  cumyl  is  a  colourless  or  slightlj'  yellow  liquid,  having  a 
strong  and  persistent  odour  of  cumin,  and  an  amd  burning  tjiste.  Boiling  point  220'^  C, 
(Gerhardt  and  Cahours);  from  platinum  at  220*4*^,  or,  correcting  for  the  mcn^urial 
column  in  the  thermometer,  at  236*6^  (Kopp).  SpedjRc  gravity  in  the  liquid  state 
=  0-9727  at  13*4°  C.  =  0'9832at  0"  (Kopp.)  A^apour-deasity  =  6-24  (obs.)  =  6*13 
(cale.  2  vols.).  Composition,  by  analysis  (mean),  80 '8  9  per  cent,  carbon,  84  6  hydrogen, 
and  1066  oxygen,  the  formula  requiring  81-08  C,  811  H,  iiud  10  81  0.  It  is  isomeric 
with  the  OBseotial  oils  of  anise,  fennel,  star-anise,  and  tarragon. 

IkcompotUiofUt,  —  1.  Hydride  of  cumyl  may  bo  diiitilletl  without  alteration  in  close 
vessels,  out  when  Imiled  for  some  time  in  contact  with  the  air,  it  is  converted  into 
ciaminic  acid,  tep^othcr  with  a  resinous  substance.  The  same  transformation  takes 
place  even  at  ordinary  temperatures,  especiidly  m  contact  with  water,  or  more  quidvly 
III  contact  with  a  base. — 2.  Byfuminff  nitric  add  in  the  cold,  cuminol  is  converteti  into 
cuminic  acid ;  heated  flath  niti'ic  add,  either  strong  or  weak,  it  yields  nitro- cuminic 
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ftcid,  together  with  resmoiu  prodacts. — 3.  By  a  mixture  of  acid  chromate  of  potassium 
and  suiphurie  acul^  it  is  oonTertod  into  cuminic  acid  (Gerhardt  and  Cahoars);  by 
pfdlonged  action  into  insolinic  acid  (H  of  m  an  n,  Ann.  Ch.  Pharm.  xcvii.  207). — 4.  With 
chlorine  or  bromine  it  forms  substitution-products  in  which  1  at  hydrogen  is  replaced 
by  chlorine  or  bromine ;  but  with  pcntachioride  of  phosphorus,  it  forms  the  compound 
C'*H'*C1*,  deriyed  from  hydride  of  cumyl  by  the  substitution  of  chlorine  for  oxygon. 
— 6.  Dry  ammonia  gas  converts  cuminol  after  some  time  into  a  substance  resembling 
hydrobenzamide  (Gerhardt  and  Cahours).  Sie veking (Ann.  Ch.  Pharm. cvi.  367) 
could  not  obtain  thia  body. — 6.  Sulphide  of  ammonium  decomposes  cuminol,  forming 
thiociiminol,  C"H"S,  in  which  the  oxygen  of  hydride  of  cumyl  is  replaced  by  sulphur. 
— 7.  Heated  with  potassium^  it  gives  off  hydrogen  and  forms  cumylide  of  potassium, 
C**ff  K).K. — 8.  Cuminol  boiled  with  aqueous,  or  more  quickly  with  alcoholic  potash^  is 
conrerted  into  cmninate  of  potassium  and  cymylic  alcohol : 

2C'^»«0  +  KHO  =  C'»H"KO«  +  C'«H"0. 

— 9.  Caminol  heated  with  solid  caustic  potash,  yields  rarious  products,  according  to 
the  degree  of  heat  applied  and  the  manner  in  which  the  two  substances  are  brought  in 
contacts  When  the  solid  potaah  is  covered  with  cuminol  and  sb'ghtly  heated,  cumylide 
of  potaasiiim  is  formed.  When  cuminol  is  added  by  drops  to  melting  potash,  the  mass 
first  tarns  red,  then  quickly  white,  and  forms  cuminate  of  potassium,  with  elimination 
of  hydrogen ! 

C»»H»«0  +  KHO  =  C»^H"KO«  +  H«. 

It  however,  the  heat  applied  is  comparatively  low,  cuminic  acid  and  cymene  are  formed, 
without  evolution  of  hydrogen : 

3C"H'«0  +  KK)  =  2C"ff 'K0«  +  C'»H'*. 

In  thia  case  it  may  be  supposed,  that  the  cuminol  is  first  resolved  into  cuminic  acid 
and  cymylic  aleohol,  and  the  latter  subsequently  into  cuminic  acid  and  c^inene 
t Kraut). — 10.  With  chloride  of  cumyl,  cuminol  yields  hydrochloric  acid  and  cumyl 
(p.  182). 

Combinations. — Hydride  of  cumyl  unites  with  the  acid  sulphites  of  the  alkali-metals, 
forming  crystalline  compounds.  The  ammonium-sat t  crystallises  in  needles ;  the  potas- 
sium-salt  in  scales ;  the  sodium-salt,  C'®H'*O.NaHSO',  in  colourless  inodorous  needles, 
which  become  yellow  by  keeping. 

Derivatives  of  Hydride  of  Cumyl. 

ComjUda  of  >ot«— tnnii  C^*H"O.K. — Produced  by  heating  hydride  of  cumyl 
with  potassium  out  of  contact  of  air ;  also  by  heating  solid  hydrate  of  potassium  in  the 
midat  of  hydride  of  cumyl :  in  the  latter  case,  water  is  eliminated  and  the  potash  is 
converted  into  a  gelatinous  mass.  To  obtain  pure  cumylide  of  potassium,  the  product 
formed  by  the  first  process  is  pressed  between  filtering  paper,  and  placed  in  vacuo 
over  sulphuric  acid,  which  absorbs  the  undecomposed  hydride  of  cumyl. 

Cumylide  of  potassium  is  an  amorphous  gelatinous  mass,  quickly  converted  into 
ruminate  by  contact  with  the  air.  Water  decomposes  it  into  hydride  of  cumyl  and 
hydrate  of  potassium.  Heated  with  chloride  of  cumvl,  it  yields  chloride  of  potassium 
and  free  cumyL  With  chloride  of  benzoyl,  it  yields  an  oil  resembling  cumyl,  pro- 
bably benzo-cumyl,  C'H*O.C'«H"0.     (Gerhardt  and  Chiozza,  loc.  cit,) 

dOoroeaznliiolf  C'*H"C10. — Produced  by  passing  dry  chlorine  through  dry 
hydride  of  cumyL  It  is  a  yellowish  oil,  heavier  than  water  and  having  a  very  power- 
fril  odour.  By  exposure  to  moist  air,  it  is  converted  into  hydrochlonc  and  cuminic 
acids: 

2C»H»C10  +  HK)  =  C"H'K)  +  C«»H»K)«. 

It  is  decomposed  by  dry  distillation,  yielding  hydrochloric  acid  and  a  peculiar  oil,  and 
If^ving  a  residue  of  charooaL  Strong  sulphuric  acid  dissolves  it,  forming  a  crimson 
N>lution  and  giving  off  hydrochloric  acid.  The  liquid  exposed  to  moist  air,  quickly 
yields  crystals  of  cuminic  add.  Chlorocuminol  when  recently  prepared,  is  scarcely 
attacked  by  ammonia,  differing  in  that  respect  from  the  isomeric  compound,  chloride  of 
rumyl,  which  is  immediately  transformed  by  ammonia  into  cuminamide.  (Gerhardt 
and  Chiozza,  Ann.  Ch.  Phys.  [3]  i.  82.) 

aromocnininoly  G'*H"BrO,  is  a  heavy  oil  resembling  chlorocuminol,  and  obtained 
by  the  action  of  bromine  on  hydride  of  cumyl.     (Gerhardt  and  Chiozza.) 

CUICT&*  <IM&aBZ»B  OV.  C>*H"O.CL— Obtained  by  the  action  of  pentachloride 
of  phosphorus  on  cuminic  acid.    It  is  a  colourless  rezy  mobile  liquid,  of  specific  gravity 
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I -070  «it  15^  0.  Boils  between  256^  and  268**  C.  By  eipoauro  to  moiat  &ir»  or  moi* 
rupidly  by  Iwiting  with  caustic  potash,  it  is  conTertal  into  hydrochloric  aivd  emniuic 
aeid9.  It  is  Bti^nglj  heatodby  contact  witb  atrong  alcohol^  yiddiiig  hydrochloric  ucid 
and  ciirain-iito  of  ethyl 

With  dry  amm&nia  g&n,  or  with  carbonafe  of  amnwnium^  it  forms  cwm  in  amide  j  with 
phenylatnim  it  yieldg  pheuykundiiamide  or  cumanilide.  (C  a  hour  a,  Ann.  Ck  Phys. 
[3J  Jtriil  3470 

CVmXAJms^B.    Sya  with  CuimiAMiDE  (p.  177). 

CirMTXiEBlXL  C^"!!*'.— A  hypothetical  diatomic  rAdicIe,  bomologoufl  with  bcii:^- 
Icne  (i.  577),  of  which  the  following  compounds  are  koown. 

Chloridb  of  Cuktlbnb,  Cklorocumolt  CAlorocuminoi,  C'®H*'C1'*  (Ca hours. 
Ann.  Ch.  Phya.  [3]  ixiii.  346.— Sievekiiig,  Ann.  Ch.PIumn.  cvL  268* — Tiittucheff, 
J.  pr.  Chcm,  Ixxr.  370.) — Produced  by  the  action  of  pentachlorido  of  phoaphonia 
on  hydride  of  cumyl : 

c»»H**o  4-  pa*  =  pci»o  +  c'*H'«a». 

It  is  a  limpid  oily  liquid  hariugi  a  penetrating  but  not  unpIeosaBt  odour^  hearier  than 
water  and  insoluble  there>in  [  easily  soluble  in  alcohol  aud  ethen  Boils  betweeD  25o° 
and  260*^  C.  (Ca hours);  at  255°  with  alight  decomposition.     (Tiittscbeff.) 

I)ecomp(mtion».  —  1.  Heated  w^tli  alcoholic  ammonia  in  a  seuJcd  tube,  it  forma 
chloride  of  ammonium  and  u  thick  yellow  oil  (Sievoking).— 2.  It  does  not  appear 
to  be  decompoeed  by  aqueous  po/(«A  (C  a  hours)* — 3.  With  mdphydraUt  of  ptjtassium 
it  yields  chloride  of  potassium,  and  a  viscid  product  of  repulsiTO  odour  (C  ah  ours). 
By  prolonged  treatment  of  the  alcoholic  solution  witb  9ulphid«  of  ammonium^  it 
forms  a  dark-red  resin  soluble  in  other  (Si ct eking).  —  4.  Freshly  precipitated 
oxide  of  nlrvr  cctnverta  it  into  cumino!  (TiittscheH'). —  6.  When  2  at.  rthyfatf  of 
Modium  are  heated  with  1  at.  chloride  of  cumylene^  chloride  of  sodium  and  a  red  liquid 
ore  obtained.  When  thia  product  is  distilled,  ^t  alcohol,  and  then,  between  170<^ 
and  2S8°  0.,  an  oil  paaaea  over,  which  behares  with  acid  sulphites  of  alkali-metals 
like  cuminol  (Sieveking).— 6.  With  acetate  of  ailver,  it  forms  aci'tate  of  cumytene 
(SieTeking),  with  bensoaie  of  »ilvtT,  bonzoate  of  cumylene.     (Tiittscheff.) 

Ac BT  4T B  o r  Cu M YtBXB.  Acctatc  of  Cumogl^col^  Biaaiate  of  Cumol,  C"H'*0*  *» 
(C^II^U)^  (C'*H»')''.0\  (Sieve king,  tot\  cii.)— Chloride  of  cumylene  is  miied  with 
excess  of  acetate  of  silreTi  and  the  reaction,  wluehimjnedi&telY ensues,  id  Hually  aided 
by  a  gentle  heat.  The  piroduct  is  treated  with  etlier;  the  solution  eTaporated;  and 
the  residue  is  washed  with  aqueous  carbonate  of  soda,  and  cryBtallisea  ^^om  ether, 
whereby  yellowish  cryatalB,  contamiuated  with  an  oil,  are  obtuined.  When  pore  it 
forms  colourless  crystals;  resembling  the  swallow-tail  crystals  of  gypsum.  It  melts  at 
a  moderate  heat.,  and  dififuses  a  powerful  odour  of  acetic  acid  and  cominoL 

BHKEOATBOFCnMTTLBWB.  BtnxooU  of  Qtim  offiyeoi.  Bibentmk  of  Cumol.  C*  H^O  * 
=-  tC'H*0)*.  (C'»H")".0«.  (Tiittscheff,  ^.  ci/.>-^en  pta.  chJorocumol  are  mixed 
in  a  porcelain  dish  with  1 6  T^ts.  benaoate  of  sUTer ;  the  mass  thereby  formed  is  treated 
with  ether,  which  leares  chloride  of  silver;  and  the  resulting  solution  of  benaoate  of 
cumoglycol  is  left  to  evaporate  spontaneously,  whereupon  a  brownish  yellow  oil, 
solidifying  in  crystals  in  a  few  days,  is  deposited.  This  is  pressed  between  paper, 
washed  with  aqueous  ammonia,  ana  recrystaliiHod  alternately  from  etlier>alcohol  ajid 
absolute  alcohoL 

It  forms  brilliant^  colourtesa  needles,  melting  at  88°  C,  and  solidifying  in  crystals 
on  cooling;  soluble  in  tdcoholf  especisdly  in  warm  strong  alcohol,  and  precipitated  by 
water ;  soluble  in  tthtr^  acctont^  and  chioroform. 

It  cannot  bo  volatilised  without  undergoing  decomposition.  It  is  dissolved  by  cold 
sulphuric  acid  with  dark  red  colour ;  the  solution  blackens  by  boiling ;  it  is  not 
Attacked  by  boiling  ntiric  acid;  it  is  not  affected  hy  ammonia  or  by  ooncentratt-d 
bitrtfta-watcr ;  distuled  with  caustto  potash,  it  yields  benzoate  of  potassium  and 
curninol. 

CUBSYXklO  ACID.     Syn.  with  Cricixic  Acm. 

ctriv[irz.-sAx.icir2.ii.»ixis. 

CITPSlf.  A  shallow  cup-shaped  vessel  made  of  bone-earth  rummed  into  a  mould 
which  giifcs  it  its  shape.  It  is  used  in  assaying  gold  and  silver  with  lead.  (i5ee  Gold 
and  S11.TKK.) 

CtrpmAUCnrsa,  CUF&AMllCOirZAS,  ClTFXAKlllOM'nrjItS.  Bases  de« 
rived  from  the  types  KH"  and  NH*  by  substitution  of  one  or  more  atoms  of  copper  for 
an  equivalent  qTwuitity  of  hydrogen  (p.  70)» 


I     See  C?imiNJkiQj)B  (p.  178). 
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See  LiNAsiTE. 

A  Tarietj  of  wad  or  earthy  manganese.     (See 
MAiroAjnsB,  oxidbs  of,  and  Wad.) 

CUVRZC  COMPOnWBS.    See  Coppeb  (pp.  41,  55). 

Cu  »  31*6.    The  radicle  of  the  cupric  compoundB  (p.  41). 
Katiye  cuprous  oxide  (p.  70). 

mMTTMrn  A  sulphide  of  copper  and  lead  from  Chili,  occurring  in 
forms  of  the  regular  system,  with  cubic  cleavage ;  also  massive,  granular.  SpMific 
gravity  —  6*408  to  6*423.  Hardness  =»  2*5.  Lustre  metallic.  Colour  blackish  lead- 
grey.  Streak  black.  Bather  sec  tile  and  brittle.  Fuses  readily  on  charcoal  before 
the  blowpipe ;  yields  with  soda  a  cupreous  lead-globule ;  melts  and  gives  off  sul- 
phurous anhydride  when  heated  in  an  open  tube. 

According  to  Plattner's  analysis  (Fogg.  Ann.  Ixi.  672),  it  contains  64*9  per  cent, 
lead,  19-5  copper,  0*5  silver,  and  15*1  sulphur  (estimated  by  loss),  whence  the  formula 

2P6A(V5,or^J,|s«. 

According  to  Q-.  Ulrich  (Berg.  u.  hiittenm.  Zeitung,  xviil.  221),  a  mineral  of  the 
same  composition  is  found  in  small  quantity  on  the  M'lvor  river  in  Victoria,  Australia. 
It  has  the  aspect  of  fine-grained  galena.  Hardness  a  3*0  to  4*0,  and  apparently 
rhombohedral  cleavage. 

CirVKOSms.  Ccu  =*  63*2.  —  The  radicle  of  the  cuprous  compounds.  (See 
COPPKB,  pp.  41,  46.) 

cmLAJULi  Urarif  Woorara^  Woorali^  Wourali. — A  resinous  substance  used  by 
the  Indians  of  South  America  for  poisoning  their  arrows,  and  consisting,  according  to 
several  authorities,  of  the  aqueous  extract  of  a  climbing  plant  belonging  to  the  genus 
Strycknos.  It  is  a  brown-black,  shining,  brittle,  resinous  mass,  almost  whoUy  soluble 
in  water,  either  cold  or  warm ;  sparingly  soluble  in  absolute,  easily  in  aqueous,  alcohol ; 
partially  soluble  in  ether.  It  has  a  bitter  taste,  neutral  reaction,  and  when  heated, 
bums  with  a  yellowish-red  flame,  giving  off  vapours  which  have  a  disagreeable  odour. 
Its  chemical  nature  is  not  accurately  known.  Boussingault  and  Eoulm  attribute  its 
poisonous  action  to  the  presence  of  a  peculiar  alkaloid,  curar  ine  (g.  v.),  while  others 
ascribe  its  effects  to  the  presence  of  strychnine. 

Cnrara  may  be  introduced  with  impunity  into  the  alimentary  canal,  except  in  very 
large  doses,  but  if  introduced  into  a  puncture  in  the  skin,  so  that  it  may  mix  with  the 
blood,  its  action  is  rapidly  mortal.  Humboldt  states  that  the  earth-eating  Otomaks- 
OD  the  Orinoco  are  in  the  habit  of  anointing  their  thumb-nails  with  it,  and  that  a 
mere  scratch  with  such  a  nail  is  sufficient  to  prodace  fatal  effects.  The  Indians  use 
arrows  poisoned  with  curara  in  the  chase,  the  flesh  of  animals  thus  killed  being  per- 
fectly wholesome.  Curara  acts  chiefly  on  the  motor  nerves,  the  functions  of  wluch  it 
completely  arrests,  while  the  sensorial  nerves  retain  their  activity.  Death  ensues 
from  paralysis  of  the  nerves  of  the  respiratory  organs. 

From  the  researches  of  Beynoso,  it  appears  that  chlorine  and  bromine  decompose 
curara,  and  completely  neutralise  its  poisonous  action.  Iodine  also  acts  as  an  antidote, 
though  it  does  not  completely  decompose  the  curara.  Nitric  acid  acts  but  slightly  on 
curara,  but  may  be  useful  as  a  caustic  in  cases  of  poisoning  by  that  substance. 

Curara  has  been  tried,  but  without  success,  as  an  antidote  to  str>'chmne.  It  has 
also  been  tried  as  a  remedy  in  cases  of  traumatic  tetanus,  and  in  one  instance  with 
success ;  in  other  cases,  however,  it  has  been  found  to  produce  no  effect  whatever. 
(Handw.  d.  Chem.  iL  [3]  271). 

CVmAJUDra.  (Houlin  and  Boussingault,  Ann.  Ch.  Phys.  [2]  xxxix.  24. — 
A  de  Humboldt,  ibid,  xxxix.  30.~Pelletier  and  P^troz,  ibid,  xl  213.— On  the 
Poisonous  Properties  of  Curarine  ;  Pelouze  and  CL  Bernard,  Compt.  rend.  xxxL  553. 
— A  Reynoso,  ibid,  xxxix.  67. — E.  Pelikan,  ibid.  xliv.  507. — M.  Milleroux,  t&M^ 
xlvii.  973.)— An  alkaloid  existing  in  curara. 

To  prepare  it,  Pelletier  and  Petroz  treat  the  alcoholic  extract  of  curara  with  ether, 
to  remove  fat  and  resin ;  dissolve  the  residue  in  water ;  precipitate  the  foreign  matters 
with  basic  acetate  of  lead,  and  remove  the  excess  of  lead-salt  with  sulphuretted  hy- 
drogen ;  decolorise  the  liquid  with  animal  charcoal ;  evaporate  the  filtrate  and  expel 
the  acetic  acid  by  adding  sulphuric  acid  diluted  with  absolute  alcohol ;  remove  the 
alcohol  by  evaporation ;  precipitate  the  sulphuric  acid  with  hydrate  of  barium ;  remove 
the  excess  of  baryta  by  means  of  carbonic  acid ;  and  finally  evaporate  the  filtered  liquid 
to  dryness. 

Curarine  thus  prepared  is  a  non-crystalline,  yellowish,  horny  mass,  translucent  in 
thin  fragments,    it  is  deliquescent,  and  hta  a  bitter  taste.    When  heated,  it  chars, 
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emits  AH  odour  of  burnt  liora,  and  yields  ii  slight  Bublim»te.  It  dissolr^  iJi  all  pro- 
portjotts  in  wntoT  and  alcohol^  but  is  insoluble  in  ether  and  in  oil  of  turpentine.  It 
blnp«  litmus  piiper  r<*ddpned  by  Acida,  and  redd^na  turmeric  paper. 

It  united  with  acid/),  fonning  bittor  miltSv  The  guiphatA,  h^drochloraUt  and  aeetais, 
which  are  the  only  ones  yet  knowit,  are  uncrystallifuiDle. 

According  t^  FeUkan,  curarlae  exhibita  with  acid  chromate  of  potasHum  and  9ul- 
phurie  add^  with  ferrocifamde  of  potusmum  and  sulphuric  acidf  and  with  ]j&roxid£  of 
Ifad^  the  same  iea4rtion8  aa  Btrjchnine^  excepting  that  with  cumrine  they  are  more 
permanrat.  It  likewise  exbibit§  the  same  deportment  as  strychnine  when  aubjected 
to  electrofysii,  a  red  colour  apf>earing  in  both  cases  at  the  positive  pole. 

The  physiological  action  of  curarine  appears  to  be  the  same  tu  that  of  curatm. 
Pelikan  found  that  005  grma.  of  curarine  introduced  under  the  skin  of  a  rabbit  JdUed 
it  in  a  short  time.  Ho  is  of  opinion  that  there  is  no  antidote  to  the  poisonous  action 
of  curara  and  mrarine. 

CVKCnrBf  A.     See  Tusmnia 


(A,  Vopel  Behw.  J.  xviii  212.  —  Pellctier  and  Vogei  J. 
Phiirm.  July  1815,  p.  259. — V  ogel,  Jun..  Ann.  Ck  PharriL  xHt,  297.)— A  yellow  re- 
sinous snbetance  contained  in  turmeric  root*  To  extract  it,  the  pulTcrised  root  is  firet 
boiled  with  water  to  remove  gummy  matters,  &c, ;  the  residue  then  treated  with  boil- 
ing alcohol ;  the  filtered  alcoholic  solution  evaporated;  the  residue  digested  with  ether; 
and  the  ethereal  solution  evaporated  at  a  gentle  lieut.  The  residue  consists  of  curcu- 
min  contaminated  with  a  small  quantity  of  essential  oil,  &om  which  it  may  be  fre^ 
hy  redissolvinff  in  alcohol,  precipitaldiig  with  acetate  of  lead,  decomposing  the  lead* 
precipitate  with  sulphuretted  hjarogeu^  and  then  treating  it  with  boiling  ether,  which 
takes  up  the  curcumin. 

By  eraporating  the  ethereal  BDlulion»  the  corcumin  ia  obtained  in  thin  tvsuiofus  plaf«8 
of  the  colour  of  cinnamon,  but  yellow  when  reduced  to  powder.  When  exposed  to 
snnahinet  it  ^dually  loses  it*  colour  and  becomes  yellowish -white.  It  is  heavier  than 
water,  and  msolnblo  thert^in*  but  dissolTes  with  facility  in  alcohol,  ether,  and  oiJa 
both  fixed  and  volatile,  Tlie  alcoholic  BolutioD  is  precipitated  by  gelatin.  Curcumic 
melt«  at  lO'^C*,  and  ia  completely  decomposed  by  distillation. 

CtrSCOVOTE*     Syn,  with  AarcDCB  (l  357), 

CUSTJLSLXir.  A  non-azotised  crystallisable  substance,  soluble  in  alcohol,  spar- 
ingly  snluble  in  water,  contained  in  the  bark  of  the  true  angu*tura  {Ctitparia  fthri^ 
fvffft)  (Salad in,  J.  Cbim.  med  1833,  ix.  388).  Her^og  (Arch.  Pharm.  [2]  xciii 
146)  waif  not  able  to  obtain  this  substance. 


A  peculiar  modification  of  cellulose,  contained,  according  to  Fremr,  in 
the  epidermis  nf  leaves,  petalSt  and  fruits,  together  with  ordinary  cellulose,  albumin ^ 
pectons  suWtances,  and  fat.  It  is  especmlly  distinguished  from  ordinary  cellulose 
(i,  820)  by  being  insoluble  in  ammoniacal  solution  of  oxide  of  copper  (cuprammimia) 
To  prepare  it,  the  epidermis  of  leaves,  or  the  leaves  tbemaelve*,  are  boiled  for  half  an 
hour  with  weak  hydrochloric  acid  and  washed  with  water;  the  woody  fibre  ia  removed 
finom  the  remdue  by  aqueous  oupnimmonia ;  and  the  undissolved  portion  is  treated 
ancceaBiTely  with  water,  hydrochloric  acid,  weak  a([uoous  potsah,  alcoliol,  and  ether. 
(Fremy.) 

Cutin  exhibits  under  the  microscope  the  aspect  of  an  amorphous  perfor»t4?d  film. 
It  is  very  extensible,  contains  73-66  per  cent.  C,  11  "37  H,  mid  14  97  O,  appronching 
in  composition  to  the  fats  (Fremy).  It  decom}X>ses  when  hrnted,  profiucing  fatty 
acids.  It  is  not  decomposed  by  cold  nit  He  arid,  but  when  boiled  with  that  acii  yields 
all  the  products  that  are  formed  in  like  manner  from  the  fata,  especially  suberic  acid. 
It  is  not  altered  by  contact  with  cold  oil  of  ntriol  or  tioiling  hydrochloric  add.  It  is 
saponified  by  boiling  concentrated  aqueous  potash,  and  from  the  soap  thus  formed,  a 
liquid  fatty  ncid  may  be  separated,  which  is  soluble  in  alcohol  and  ether,  but  appe«ft 
to  be  different  from  oleic  aciiL  Cutin  is  not  altered  by  dilute  aqueous  dkJit^  by 
amflumt^,  or  by  any  neutral  solvent,     (Fremy,  Compt.  rend*  xlviii.  6d9.) 

According  t-o  Pay  en,  on  the  other  hand  (Compt.  rend.  iJviii.  893),  the  epidermis  of 
plants  consists  of  cellulose  imprt»gnatcd  with  it\i»,  nitrogenous  bodies,  and  inorgxnJe 
salts ;  he  denies  the  existeuc<e  of  any  peculiar  constituent  of  it  not  containing  nitrogen 
or  cellulose,  and  reigards  the  cutin  of  Fremy  as  a  product  of  the  transformation  of  eel* 
Iidose  by  the  reagents  above  mentioned. 

crrJkllCBI»Z]>8.     tmoluftk  Ct/anvrie  acid,  wCNHO.     (Liebig,  Pogg,   Ann.  xv. 


661 J  XX,  384).  A  white  crystalline  substance  polymeric  wiJh  cyanic  acid  (perhaps 
C'N-II^"l,  which  is  produced,  together  with  liquid' cyanic  acid,  in  the  dry  distillation 
of  cyanuric  acid ;  sometimes  fonns  sjiontaneously  in  the  agtieous  solution  of  cyanic 
add;  and  is  obtained  when  certain  cyanates  are  treated  witn  concentrated  adds;  for 
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nple,  when  cyanate  of  potassium  is  triturated  with  fuming  nitric  or  sulphuric  add, 
with  ciystallised  oxalic  or  tartaric  acid,  or  with  strong  acetic  or  hydrochloric  acid. 

Cjamelide  is  tasteless,  inodorous,  insoluble  in  water  both  hot  and  cold,  also  in  al- 
cohol, ether,  and  dilute  adds.  When  heated,  it  is  converted  into  cyanic  acid,  which 
ToUtilises.  Heated  with  strong  sulphuric  add,  it  decomposes  with  effervescence, 
yielding  carbonic  anhydride  and  sulphate  of  ammonium.  It  is  not  altered  by  boiling 
with  hydrochloric  or  nitric  add.  It  dissolves  easily  in  potash,  and  the  solution  when 
evaporated  yields  cyanurate  of  potassium,  a  small  quantity  of  ammonia  being,  how- 
ever given  ofl^  arising  from  a  secondary  decomposition.  Cyamelide  is  likewise 
soluble  in  ammonia. 

CTAanOiintlO  ACZB.  C«NaT«0*.  An  add  discovered  in  1860  by  Henne- 
berg  (Ann.  Ch.  Pharm.  Ixxxiii.  236),  who  assigned  to  it  the  formula,  OH*N'0*. 
Oerhardt  (Compt  chim.  1860,  104)  regarded  it  as  C«H*N*0*;  but  Liebig  (Ann. 
Ch.  Pharm.  xcv.  281)  showed  that  the  true  formula  is  OH*N'0*.  The  add  is  tri- 
baaic  and  may  be  derived  from  the  type,  NH'.SHHO,  according  to  which  its  rational 

formula  is  ^    H*(o*" 

Cyamelnric  add  is  formed  from  mellone  by  the  action  of  alkalis  at  the  boiling 
heat,  the  reaction  being  represented,  according  to  Liebig,  by  the  equation : 

2C»N'«K«  +  9HK)  -  2CWKK)*  +  C«H»N»0«  +  3NH«. 

Mellonlde  of  (>amelurate  Ammelide. 

poUMium.  ofpotMsium. 

The  potassium-salt  is  prepared  by  evaporating  a  mixture  of  1  pt.  mellonide  of  po- 
tassium, 10  pts.  potash-ley  of  spedfic  gravity  1*2,  and  20  pts.  water  at  the  boiling  heat, 
the  water  bein^  renewed  as  it  evaporates,  till  the  concentrated  mass  is  no  longer 
curdy,  but  exhibits  crystals  on  its  surface,  and  the  liquid  solidifies  on  cooling  to  a 
magma  of  needle-shaped  ciystals.  These  are  washed,  first  with  potash-ley,  then  with 
alcohol,  and  reczystallised  from  boiling  water.  On  cooling,  the  cyamelurate  of  potaa- 
sium  crystallises  in  colourless  prismatic  needles  having  a  glassy  lustre.  Its  aqueous 
solution  mixed  with  hydrochloric  acid  deposits  cyameluric  acid  as  a  white  powder, 
and  on  dissolving  this  in  boiling  water  containing  a  few  drops  of  hydrochlonc  add, 
the  cyameluric  add  crystallises  on  cooling  in  white  crystalline  crusts,  containing  a  few 
separate  crystals  in  the  form  of  prisms  with  pyramidal  summits. 

Crystallised  cyameluric  add  contains  2 J  at  (16*9  per  cent)  water  of  crystallisation 
its  formula  being  2C*H*N'0'  +  6  aq. ;  the  whole  of  this  water  is  given  off  at  100°  C. 
The  crystals  dissolve  in  about  720  pts.  water  at  17°  C,  more  readily  in  hot  water :  the 
solution  reddens  litmus.  The  dry  acid,  exposed  to  a  moderate  red  heat,  turns  yellow, 
gires  off  vapours  of  cyanic  acid,  and  yields  a  white  sublimate,  probably  consisting  of 
cyanuric  acid,  with  a  yellow  residue  of  mellone  (tricyanuramide). 

ZCm*^0'  =  9CHN0  +  CN". 
Cyameluric  Cjranic  Mellone. 

acid.  acid. 

Cyameluric  acid  boiled  with  nitric  add  yields  a  crystalline  product,  probably  cyanurio 
add. 

CTAMBLrBATBS.  Cyamelurio  acid  is  tribasic,  and  forms  three  clats^  of  salts, 
viz.;  nnttrai  OT  trimrtallic  «  C«N'M»0*;  dimetalHc  «  O'N'IIM'O*  and  monomettdlio 
=  C^'H'MO'.  It  unites  directly  with  bases  and  decomposes  carbonates.  Strong  acids 
decompose  the  cyamelurates,  separating  cyameluric  ada. 

Cyamelurate  of  Ammonium  crystallises  in  needles,  which  are  very  soluble  in 
wat^r,  and  fall  to  powder  when  exposed  to  the  air,  giving  off  ammonia  and  leaving 
an  add  salt. 

The  Barium-salt,  2C^Ba*N'0*  +  aq.,  obtained  by  boiling  a  dilute  solution  of  the 
potassium-salt  with  excess  of  chloride  of  barium,  ciystallisos  in  microscopic  needles 
Tery  slightly  soluble  in  water,  and  giving  off  the  greater  part  of  their  crystallisation- 
water  at  100°  C. 

The  Cupric  salt  is  bluish  white,  granulo-cr}'8talline,  soluble  in  ammonia.  The 
Ferric  salt,  precipitated  from  a  perfectly  neutral  solution  of  ferric  chloride  by  cyame- 
lurate of  potassium,  forms  a  yellow  bulky  precipitate  resembling  ferric  phosphate.  The 
Maffnesium-salt  is  a  white  crystalline  predpitate  insoluble  in  water,  soluble  in 
sal-ammoniac 

Cyamelurates  of  Potassium, — The  tripotassic-salt,  C*K*N'0*  +  3  aq.,  prepared 
as  abore  described,  forms  white  shining  needles  often  several  inches  long,  has  a  strong 
alkaline  reaction,  tastes  soapy  at  first,  then  bitter  and  irritating.  It  dissolves  in  7'4  pts. 
water  at  18°  C,  and  in  1  or  2  pts.  of  boiling  water,  but  is  insoluble  in  alcohol.  The  so- 
lution predpitates  the  alkalis  and  alkaline  earths.     The  air-dried  salt  gives  off  8  at. 
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irater  when  lell  over  oil  of  Titriolor  heated  to  between  lCM)**and  120**  C, ;  ut  a  low  red 
heat^  it  inolt^  g:iviiig  oflT  first  amrooniai^l,  afterwarda  stdd  Tapotmi.  The  dipotas$ic 
»alt^  CTC*HK'0'  ^  2  aq.,  separates  from  a  modenit<?lj  Btrong  and  slightly  wBrmed  solu- 
tion of  the  preceding,  on  additioii  of  acetic  acid,  m  tliin  lamina*,  iridescent  ia  snn- 
shine.  From  a  boiling  solution,  it  crjst^dliBefi  by  slow  cooling  in  concentric  groups  of 
crystalline  needles.  It  is  somewhat  more  soluble  in  watj?r  than  cyamflnnc  acid, 
and  has  an  acid  reaction.  The  crystaJlisation-water  13  given  off  between  120°  and 
130^  C.     The  salt  when  heat-ed  to  redneas  leases  a  yeUow-brown  fiisible  reaidne. 

The  BittfeT*i&lt^  CN'AgK)*  +  aq,,  is  obtained  by  precipitation,  as  a  white  curdy 
snbetance,  forming  when  diy  a  white  friable  mass,  sparingly  actlnhle  in  dilute  nitric 
aeid.  It  retains  a  small  quantity  of  water  at  130°  C.  When  ignited  it  leaves  metallic 
silver. 

The  Sodium- a  alt,  obtained  by  decomposing  carbonate  of  sodium  with  cyamdurie 
acid,  crystallises  in  needles,  very  soluble  in  water. 

CTAJVESXHnrs.  C'H'N',  A  crystalUsable  organic  base,  polymeric  with  cyanide 
of  methyl  (CN.CH*),  and  homologous  with  cyauethine  (C*H"N"*  p.  189),  produced^ 
with  evolution  of  carbonic  anhydride,  by  the  action  of  chloride  of  acetyl  on  cyanat^  of 
potassium : 

3(C'E»0,Cl)  +  3CNK0  =  3KCI  +  SCO*  +  C«H»N«. 

It  baa  not  been  analveed,  bat  ita  composition  is  inferred  from  the  analogy  of  the  re- 
action to  that  of  chloride  of  benzoyl  on  cyanate  of  potassium,  by  which  c^phenine 
(g,  V.)  ia  produced.     (Cloez,  Ann.  Ch*  Pharm.  cxv,  27). 


CN'BP 


=  ^H^S^- 


(Binoau,  Ana  Ck  Phys.  [2]  Ixrii  368;  Ixx. 

26 L — Cloez  and  Cannisxaro,  Ann.  Ch*  Pharm.  Ixxriii  228. — ^W,  Henke.  ilnd. 

cri,  280.^ — ^Beilstein  andGeuther,  t W.  eviil  88 Streeker,  Handw,  d.  Chem. 

ii.  [8]  286.)  —  Bineaa,  by  mixing  dry  ammonia-gas  with  gaseous  chloride  of 
^^nagen,  obtained  a  product  which  be  regarded  as  ammonio-chloride  of  cyanogen, 
CNCK2NE'.  Cloex  and  Cannizzaro  (in  1861)  showed  that  this  substance  was  a  mix- 
ttipe  of  sal-ammoniac  and  cyanamide  (NH^Cl  +  CN'H'),  and  obtained  the  amide  in  the 
pure  state  by  passing  gaseons  chloride  of  cyanogen  into  a  solution  of  ammoiiia>gas  in 
anhydrous  ether,  Sal-ammotdac  then  separates  out,  and  the  ethereal  solution,  evaporated 
over  the  water-bath,  yields  pure  cyanamide.  For  preparing  larger  quantities  of 
eyanumide,  it  is  better  to  paas  dry  ammonia-gas  and  cliloride  of  cyanogen  simul- 
ti&neoiiBly  into  anhydrous  ether.  Liquid  chloride  of  cyanogen,  and  the  bromide  and 
iodide  of  cyanogen  likewise  yield,  with  ammonia-gaa,  mixtures  of  ammonium-salt  and 
cyanamide,  A  compound  identical  in  compoaition  with  cyanamide,  and  exhibiting 
similar  reactions,  is  obtained  by  the  action  of  earbonic  anhydride  on  sodiunida 
(Beilatein  and  Geuther): 

CO*  +  2NH«Na  ^  2KaH0  +  CWH*. 

Cranamlde  is  a  white  aystalline  body,  which  melts  at  40^  C,  of^en  remaining  Hquid 
when  oooled  seTcral  degrees  low^,  and  then  solidifying  suddenly  by  contact  with  a 
solid  body,  When  heated  to  150*^  C,  it  solidifies,  with  considerable  cvolntioQ  of  heat> 
and  is  contested  into  the  polymeric  compound  melamine,  or  cyanur amide,  C*N*H'. 
Pyanamide  is  permanent  in  dry  air  and  dissolves  easily  in  vmter,  but  on  evaporating 
the  solution,  it  is  converted  into  an  insoluble  body,  probably  m  eliim  i  ne.  It  disitolves 
easily  and  without  decomposition  in  ahokol  and  in  anhi/drous  itfwr.  AlKalU  decom- 
pose it ;  with  some  addt^  especially  with  nitric  acid,  it  forma  cp'stalline  compund". 
On  addicig  a  amidl  quantity  of  nitric  iicid  to  its  aqueous  solution,  nitrate  of  urea  is 
produced : 

CN«H»  -I-  H^  -  CN«H<0, 

A  solution  of  cy&namiife,  mixed  with  nitraie  of  xiltxr  and  a  small  quantity  of  ammonia, 
yields  a  floeculont  yellow  precipitate  (?  argen  to-cyan  amide,  CN'Ag*),  soluble  in  am- 
monia and  in  nitric  acid.  A  solution  of  cyanamide  and  acetstU  of  coppur  yiehis,  on 
gradual  addition  of  potash,  a  brown  bulky  copper-compound,  (Beilstein  and 
Geuther.) 

Cyanamide  mixed  in  an  aqueoos  Bolutjon  with  glycoccl  (CNH*0*),  unites  wiOi  it, 
fanning  glycoc^amine,  CN'H*0"  a  base  homologous  with  creatine,  wb'ch  separates 
afler  some  days  in  colourless  crystalliae  ncedlen,     (Strecker,) 

SM/bgUtuHon-dtfrivativet  0/  Cyanamidr. —  These  compotiniis,  derived  from  cyanamide 
by  the  snbstitntion  of  1  or  2  at.  of  an  alcohol*radiele  for  an  e<jiuivalent.  quantity  of 
hydrogen,  are  obt&tned  by  the  action  of  chloride  of  cyanogen  od  ethylaniine,  phenyl- 
amine,  ^  The  ethyl  and  phenyl  compounds  are  the  only  ones  that  Imve  bee^n 
studied.    (See  CiAjrETSriAMiDB  and  CrAyoPKBKTULKiDS,} 
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Btcymno-diamlde,  G^^H^  ^  HM  ^''  ^  aqueous  solution  of  cyanamide  left 
to  itself  for  some  time,  or  more  quickly  if  mixed  with  a  small  quantity  of  ammonia, 
deposits  a  sparingly  soluble  substance,  crystallising  in  broad  laminse,  and  apparently 
consisting  of  dic^ano-diamide,  the  molecule  of  which  is  simply  that  of  cyanamide 
doubled.  It  unites  with  nitrate  of  silver^  forming  the  compound  C^*H*.  AgNO*,  which 
crystallises  in  yery  slender  needles,  very  soluble  in  boiling  water,  sparingly  in  cold 
water  and  in  nitric  acid.  The  solution  of  this  silver-compound  mixed  with  ammonia 
yields  a  whit«  insoluble  pulverulent  precipitate  consisting  of  C*N^H*Ag. 

Dicyano-diamide  dissolves  in  acidSj  the  solutions  yielding  by  evaporation  ciystalline 
Baits  of  the  base  C^^H'O.  The  hydrochlorate,  C«N*H»O.HCI,  forms  colourless 
needles,  and  its  concentrated  solution  yields  with  dichloride  of  platinum^  a  crystalline 
wecipitate,  C^*H*O.HCl.PtCl*,  which  crystallises  from  hot  water  in  large  prisms. 
The  nitrate,  C«N*HK).HNO»  (at  120°  C),  crystallises  in  colourless  needles  grouped 
in  hemiroheres.  The  oxalate  (C^*H»0)'.C*H'0*,  is  formed  on  adding  a  warm  con- 
centrated solution  of  oxalic  acid  to  a  solution  of  dicyano-diamide,  and  crystallises  on 
evaporating  the  liquid.  Its  formation  is  attended  with  copious  evolution  of  carbonic 
oxide  and  carbonic  anhydride,  arising  from  decomposition  of  part  of  the  oxalic  add 
added.  The  sulphate  (C«N*H«0)^H»SO*  +  2  aq.  crvstallises  in  needles  which  give 
off  their  water  at  100<»  C.  The  base,  C*N*H«0,  is  obtained  by  heating  the  solution 
of  the  sulphate  with  carbonate  of  barium,  and  evaporating  the  filtrate,  in  colourless 
crystals  having  an  alkaline  reaction,  easily  soluble  in  water,  slightly  in  alcohol.  When 
boiled  with  water,  it  is  decomposed,  with  evolution  of  ammonia,  and  formation  of  a 
base  which  appears  to  belong  to  the  type  NH*.H.O,  inasmuch  as,  when  treated  with 
Imlrochloric  acid,  it  is  converted  into  a  chloride,  with  elimination  of  2  at  water. 
(Haag;  Handworterbuch,  loc,  cit.) 

TaXCTANO-TBIAJCIDB,  C^*H'.      See  CTAKrUAHIDB. 

CryAlfllXaTHYL  a  Hm>g,     See  CYAi^THYLAinDE. 


Crr^rarBZVB.  C*H^«N'.  (Frankland  and  Kolbe,  Chem.  Soc  Qu.  J.  i.  69 ; 
Ann.  Ch.  Pharm.  Ixv.  288)— An  organic  base,  polymeric  with  cyanide  of  ethyl  (CN.CH*), 
and  pvobably  having  the  constitution  of  a  triamide,  N*.(C*H'*)'"  (Hofmannj. 
It  is  obtained  b^  the  action  of  potassium  on  that  compound.  Hydride  of  ethyl  is 
erolved  with  brisk  effervescence,  and  a  yellow  viscid  residue  is  obtained,  consisting 
of  cyanide  of  potassium  mixed  with  a  small  quantity  of  cyanethine,  from  which  the 
cyanide  of  potassium  may  be  dissolved  out  by  cold  water.*  It  is  difficult  to  account 
for  the  evolution  of  hydride  of  ethvl  in  this  reaction,  unless  it  be  supposed  that  the 
potassium  used  was  mixed  with  hydrate  of  potassium. 

<>anethine  crystallises  from  boiling  water  in  white  nacreous  scales.  It  has  no 
smeU,  and  very  little  taste,  melts  at  190°  C,  and  boils  with  partial  decomposition  at 
280°.  Cold  water  dissolves  it  very  slightly,  boiling  water  more  freely,  alcohol  in  all 
proportions.  The  aqueous  solution  has  a  faint  alkaline  reaction.  Cyanethine  may  be 
boiled  and  even  melted  with  potash,  without  alteration. 

Cyanethine  dissolves  easily  in  all  acids,  forming  salts  which  have  a  rough  and  slightly 
bitter  taste,  are  soluble  in  water  and  in  alcohol,  and  oft«n  crystallisable.  The  acetate 
gives  off  acetic  acid  when  evaporated  in  vacuo,  and  is  converted  into  an  insoluble 
basic  salt.  The  hydrochlorate  and  the  sulphate  are  very  soluble  in  water,  and  un- 
ciystallisable.  The  chloroplatinate,  C»H"N'.HCl.PtCl»,  is  obtained  by  precipitation  as 
a  reddish  yellow  ciystallme  salt,  moderately  soluble  in  alcohol,  less  in  water,  and 
crystallising  therefrom  by  evaporation  in  large  ruby-coloured  octahedrons.  The  al- 
coholic solution  is  decomposed  by  evaporation,  yielding  chloroplatinate  of  ammonium. 
The  nitrate,  C*H'*N*.HNO*,  ciystallises  in  large  colourless  prisms,  which  are  perfectly 
neutral.    The  oxalate  forms  fine  prismatic  crystals. 

CrrAnTBOIiZVB.  G^*NO.  (Cl oez,Compt  rend.  xliv.  482;  Ann.  Ch.  Pharm. 
ciL  354.) — An  organic  base  isomeric  with  cyanato  of  ethyl  (CN.CH*.0),  produced  by 
the  action  of  gaseous  chloride  of  cyanogen  on  a  solution  of  ethylate  of  sodium  in 
absolute  alcohol : 

C*H*NaO  +  CNCl  =  NaCl  +  C»H»NO. 

On  decanting  the  liquid  from  the  deposit  of  chloride  of  sodium,  and  distilling  it  in  the 
water-bath,  cyanetholine  remains  as  a  syrupy  liquid  of  specific  gravity  1*127  at  15°  C, 
which  may  be  freed  from  chloride  of  sodium  by  washing  with  water.  It  Jin  s  a 
faint  odour,  like  that  of  sweet  oil  of  wine,  and  a  disacreeablo  bitter  taste.  It  is 
insoluble  in  water,  but  dissolves  in  all  proportions  in  alcohol  and  other.    It  is  deoom- 

*  The  quantltj  of  cyanethine  obtained  by  the  process  abore  described  is  extremcijr  small :  it  might 
perhaps  be  obtained  more  readiljr  br  a  process  analogoua  to  that  bv  which  Cloes  has  obtained  cjaphe- 
nine  (f.  v.),  vis.  by  Che  action  or  chloride  of  propiunyi  on  cy anate  or  potassium, 
3C»H*0CI  +  8CNK0  -  3Ka  +  3CO«  +  C»H»N». 
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poBcd  by  distillatioa,  l<?nving  a  rurl>onapeoiis  peeidue.  By  Ijoiling  with  atrong  potasli- 
ley  it  in  decomposiMl,  vntU  ovoUition  of  ammoiMii  (?  othykmiEe),  Wten  mtric  oxide  is 
paiified  int^i  aBolution  of  the  base  iu  nitric  ad d^  nitrogen  18  evolved,  and  a  cryatidlisablo 
«abi«t4infe,  tiat  yet  examined,  m  deposited. 

Cyaiiftlioliiie  diBsolves  in  jtcids.  forming  Malt-H  ttIucIi  ore  mo«tIy  ciTBtaHisablc  Tho 
eki&n^plaiinaie  ia  yellow.  The  nitrate  forms  with  nitrate  of  silver  a  double  salt  wMch 
feparates  in  large  crystals.  The  sulphate  crystallises  in  small  prismB  when  its  solution 
11  ©vflp4>nit^d  over  od  of  vitrioL 

CN  V 
GTAVBTKY^AIUXSS.  C'N*H* » C^H* ^ N.     (CQoez  and  CilnnieKarOt  Ann. 

Hi 
Ch,  Pharm.  IxxviiL  288.) — ^I*roda(?ed  by  tho  iiction  of  gas^otu  chloride  of  cyanogen  on 
ethylamino  t 

CNCl  +  2C'H'N  -  CH'N.HCl  +  CWH*. 

It  ifi  a  woak  base,  uniting  with  conct^ntrated  acids,  and  forming  compounds  wbieh. 
are  decomposed  by  water.  At  ISO'^  C.  it  is  resolved  into  cyandiethylitinidc,  which 
diistils  over  at  that  tcmpt^rature,  and  a  solid  amber-coloured  body,  which  volatilises 
without  decomposition  at  SOO*'  C.  The  ktter  m  a  feeble  base,  C*N*H*,  which  fomui 
with  hydrochloric  add  and  didiloride  of  plat  burnt  »*  crystalline  compound,  nearly  ia- 
solublfl  in  water,  but  easily  Boluble  in  ulcohob  ospcciaUy  when  hejited,  and  separating 
in  Une  yellow  scales  on  cooling. 

C^anduthylumid^  Q^^W^  ^  iT'lT^I'f^* — Produced  a«  just  mcation<?dj   by   tho 

decomposition  of  eyanetbylandde : 

Also  by  passing  chloride  of  cyanogen  into  a  solution  of  diethybimine  in  anhydrout 
ether* 

It  is  a  colourless  liquid  which  boils  at  \W^  C>,  and  is  decomposed  by  acids  and 
tJkalis  into  carbonic  anhydride,  water,  and  diethylaruine: 

N.CN.(C^H*)'  +  2H'0  =  C0»  +  NH"  +  N(C=H*)«.IL 

Ciaudiethylantlde.  Diettajknalue. 

CTAJriO  ACra.  CNHO  =  ^^Io,or  ^^^^  [n.     (Wohler,  Gilb,  Ann.  btxi.  95; 

Ixxiii.  15.^ — Pt'gp.  Ann.  i.  117;  t.  335;  Ann.Ch.  Pharm.  xlv.  351,— Liebijr,  Kastn. 
Areh.  vi.  Ho;  8chw.  J.  xlviii.  3T6  ;  PogR.  Anii,x^\  6GI,  619.— Liebigand  Wobler, 
Pi*^g.  Ann.  %x.  369. — Bai*yer,  Ann.  Ch,  Pbarm,  exiv.  156.  —  Briining^  ihitL  civ. 
198.)  —  This  acidt  originullv  distlnguislbfld  by  the  name  of  c^au&us  add  (cyanuric  acid 
l>eing  then  reganled  as  a  higher  oxide  of  cyanogen  and  calle<l  Cf/anic  a^«<2),  was  jELrst 
notieud  by  Vaugutlin  in  1*518.  afterwards  obtained  in  a  more  deflnit*  state  and 
examineil  by  Wohler  in  1822,  It  is  produced:  a.  In  the  free  st^ite:  1.  By  heating 
the  polymeric  compound,  cyanuric  acid,  C'N'H'O^  which  then  splits  up  into  3  atoms 
of  cyanic  acid  2.  By  heating  ureA  (cyanate  of  ammonium)  with  phosphoric  anhydride 
to  40**  C,  the  mixture  then  rimtig  spontaneously  in  temocraturo  to  130® — 140°,  and 
yielding  a  distillate  of  cyanic  acid  mixed  with  cyamcbde  (Lie big).  3.  By  the  diy 
distllktiou  of  xanthamide  (stilphocarbamate  of  ethyl),  which  tht^  splits  up  into  mer- 
captan  (sulphydrate  of  ethyl)  and  cyanic  acid  (Debus): 

CHINOS      -      C-H«S      +      CXHO. 

Xjinihajnlde.  Mercaptan.  Cjnnic  acid. 

4.  By  heating  niio  arid  with  peroxide  of  manganese  and  sulphuric  add  (Boberoiner 
Oilb,  Ann.  l^iv.  121).     6.  By  heating  mercuric  urate  to  rednews  (Wohler.) 

h.  In  combination  with  bases ;  1.  By  passing  cyanogen  gas  into  solutions  of  the 
aUcalia  or  alkaline  earths,  or  by  heating  an  anhydrons  allaJine  carbonate  to  low  redness 
in  f^anogen  gas,  or  with  an  anhydrous  metallic  cyanide^  such  as  cyanide  of  mercuiy  t 

2CN      +      WO      ^      CNIMO      -f      CNM 
Tj-JUialG.  Cyanide. 

2.  By  fusing  a  cyanide  or  ferrocyanide  of  an  alkali -metal  in  contact  with  the  air,  or 
vrith  easily  redudbl*^  oxides  (snch  as  oxide  of  linid)  or  with  peroxide?,  or  with  small 
quantities  of  nitrat4*8,  3.  By  the  electrolysis  of  a  solution  of  cyanide  of  potassium, 
the  cyanate  being  then  formed  at  the  positive  polo  (Kolbe).  4.  By  igniting  nitre 
with  exceiss  of  finely  divided  charcoal*  6.  By  adding  melam,  ammeline,  or  ammeHdo 
to  melting  potash-hydrate  as  long  as  it  dissolves  (Liebig).  6.  By  heating  sulpho- 
cyanato  of  ethyl  with  |sotaah4ey,  the  products  bdn^  cyanate  of  potassium,  cyanide  of 
potassiiinii  and  disulphide  of  ethyl  (Briining) : 

2(CNaC?H')  +  K'O  -  CNKO  +  CNK  +  C*E}m 
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7.  A  BolatioD  of  urea  mixed  with  nitrate  of  silyer  and  evaporated,  yields  cjanate  of 
HilTer. 

Preparation. —  Cyannric  acid,  previously  dehydrated,  is  heated  in  a  small  retort  to 
eommencing  redness,  and  the  evolved  vapour  of  cyanic  acid  is  condensed  in  a  receiver 
tarroimded  with  a  fireezing  mixture  (Wohler).  The  distillate  thus  obtained  is 
always  more  or  less  clonded  by  the  presence  of  the  insoluble  polymeric  compound, 
cjamelide  (CN'H'O*^  which  likewise  sublimes  in  the  neck  of  the  retort  together  with 
nDaltered  cyanuric  aad.  The  loss  of  product  thus  arising  may  be  diminished,  accord- 
ing to  Baeyer,  by  heating  the  cyanuric  acid  in  a  tube  bent  at  right  angles,  and  laid  in 
a  combustion-furnace,  in  such  a  manner  that  the  heat  may  reach  the  bend  during  the 
whole  of  the  process,  the  heating  being  commenced  at  the  bend  and  gradually  extended 
backwards.  It  is  best  also  to  pass  a  stream  of  carbonic  anhydride  through  the  tube 
daring  the  process. 

Cyanic  acid  cannot  be  separated  from  its  salts  in  the  ordinary  way  by  the  action  of 
aqueous  acids,  because  it  then  immediately  takes  up  water  and  splits  up  into  carbonic 
acid  and  ammonia.  It  may,  however,  be  obtained  by  passing  dry  hydrochloric  acid 
over  diy  cruiate  of  silver  and  collecting  the  evolved  vapours  in  a  cooled  receiver. 
(Wohler,  Pogg.  Ann.  v.  386.) 

iVv»p«r^W.— Cyanic  acid  ia  a  thin,  colourless  liquid,  which  reddens  litmus  strongly, 

and  has  an  extremely  pungent  odour,  like  that  of  glacial  acetic  acid,  and  somewhat  like 

that  of  sulphurous  acid.     The  vapour  excites  a  copious  flow  of  tears,  and  causes  violent 

smarting  in  the  hands.     A  drop  of  the  liquid  acid  instantly  produces  a  white  blister, 

attended  with  severe  pain ;  indeed,  it  is  almost  as  dangerous  to  work  with  as  strong 

hydroflooric  add. 

CN) 
Cyanic  acid  may  be  regarded  either  as  a  hydrate  of  cyanogen  ^  C  ^'  ^^  ^  carbimide 

„  ( y.    The  first  of  these  formuLe  exhibits  most  clearly  the  relations  of  cyanic  acid 

to  bases  and  to  other  acids ;  the  latter,  its  decompositions  in  presence  of  water,  the 
decompositions  of  the  cyanic  ethers  by  alkalis,  &c. 

Decompositions.  —  1.  The  Liquid  acid  changes  spontaneously  into  cy  am  elide  (in- 
soluble cyanuric  acidj,  a  substance  which  is  polymeric  with  it,  the  change  taking  place 
the  more  quickly,  ana  with  greater  rise  of  temperature,  in  proportion  as  the  substance 
is  less  cooled.  At  0°  C,  the  acid  changes  in  an  hour,  and  without  explosion,  into  dry, 
hard,  snow-white  cyamclide ;  but  if  it  be  removed  from  the  frigorific  mixture,  so  that 
it  may  assume  the  ordinary  temperature,  it  soon  becomes  turbid  and  mill^,  begins  to 
boil,  thickens  to  a  pasty  consistence,  and  becomes  continually  hotter,  till  it  explodes  ; 
the  paste  is  then  scattered  about,  and  changes  completely  into  cyamelide.  At  ordinary 
temperatures,  the  conversion  is  complete  in  five  minutes ;  it  Ukewise  takes  place  as 
quickly  under  increased  external  pressure  as  under  the  ordinary  pressure.  Vapour  of 
cyanic  add  mixed  with  an  inactive  gas  appears  to  remain  unchanged  for  a  long  time 
(Liebig  and  Wohler).  2.  The  acid,  mixed  with  water,  splits  up  spontaneously  in 
a  short  time,  at  ordinary  temperatures,  into  1  at  carbonic  anhydride  and  1  at. 
ammonia,  the  add  reaction  of  the  liquid  then  changing  to  an  alkaline  reaction,  and 
a  smell  of  ammonia  being  produced.     (Wohler.) 

N.C&Jtt  +  HH)  «  Cb.O  +  NH». 

Whilst  one  portion  of  the  cyanic  add  is  thus  converted  into  add  carbonate  of 
ammonium,  another  portion  takes  up  the  ammonia,  driving  out  the  carbonic  anhydride 
with  effervescence,  and  forms  cyanate  of  ammonium,  which,  on  evaporation,  is  con- 
verted into  urea;  and  a  third  part  of  the  add  is  converted  into  cyamelide,  and 
separates  in  white  flakes.  This  decompodtion  is  likewise  attended  with  evolution  of 
hMt  (Liebig  and  Wohler).  The  aqueous  add,  when  prepared  by  bringing  cyanie 
add  vapour  in  contact  with  ice,  in  a  receiver  surronnaed  with  ice,  remains  neariy 
unaltered  at  the  temperature  of  0°,  giving  off  but  a  few  bubbles  of  carbonic  anhydride 
(Liebig  and  Wohler.)  A  considerable  quantity  of  water  retards  the  decompodtion 
of  the  add  into  carbonic  add  and  ammonia;  the  presence  of  one  of  the  stronger 
adds  accelerates  it,  by  virtue  of  the  affinity  of  that  add  for  the  ammonia  ( W o  h  1  e  r Y. 
3.  The  aqoeooB  add  is  decomposed  by  Btdphydrio  acid  (Liebiff).  4.  When  cyamo 
add  vapour  ia  passed  into  meihylic,  ethylic,  or  onty/tc  alcoM,  the  corresponding 
ailophanic  ethers  (i  133)  are  produced:  e.ff, 

CTEK)  +  2CNH0  -  C«H»(C«H»)NH)«. 

"'*    *■  "  "lophanaU 

ethyl. 


EthTlic  Cjanic  Allophanate  of 


These  ethers  were  originally  mistaken  for  cyanic  and  cyanuric  ethers  (Liebig  and 
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Wohler).  5-  With  antydpons  aldtht/de^  cyani**  jicid  fomui  trig  on  ic  acid,  ynih 
eTolution  of  c4irbomc  nahydride  (Liebig  and  Wohler,): 

C*H*0  ^  SGNHO  =  C*e^N»0»  +  CO'. 

6*  With  qli/€of^  ghiecrin^  and  e\iqtnic  acid^  cyanic  acid  reacts  in  the  aamo  manner  as 
with  alcohol  (Baeyer).  7.  Wkb  valtraldt'h{fdi\  it  forms  a  compound  homologous 
with  trigenic  acid,  8.  When  cyanic  acid  Tapour  m  passed  into  trieih^lphoBphine^  no 
change  of  com  position  takea  place  in  either  body,  hnt  the  cyanic  acid  is  polymerised 
into  cyan  uric  acid,  which  settles  down  aa  a  white  deposits  (Hofmann,  Chem.  See. 
Qn.  J,  xiii.  322.) 

Hydrochloraie  of  Ct/anie  acid^  CNHO.HCl, — When  dry  bydrochloric  acid  gas  is 
passed  throngh  a  long  tube  containing  well-dried  cyanate  of  pottisaium,  great  heat  is 
produced,  and  a  colom-lcss  Hqnid  distils  over.  This  reaction  is  always  oceompanied  by 
tlie  prodQction  of  cyamcHtle,  which  remains  behind  on  dissolving  the  chloride  of 
calcium  in  water  j  and,  if  the  cyaoat-e  of  potassium  be  not  kept  cool,  we  obtain*  instead 
of  the  aboTf-mentiooed  distillate,  nothing  but  a  mixture  of  cynmclide  and  hydrochloric 
acid*  Cyauate  of  silver  upppare  to  b«  better  adapted  for  the  preparation  than  the 
potassium-sal t  (Wohler).  The  compound  is  a  traD§i>iirent  and  colourless  tiquiri 
wbich  fumes  strongly  \i\  the  air,  and  smells  Tcry  strongly  of  cyanic  and  hydrochloric 
acid. 

Enclosed  in  a  scaled  ^ass  tube,  it  remains  unaltered  at  0^  C. ;  but,  at  ordinary 
temjjeratureSr  it  solidiEes  in  a  few  days  into  a  cryatalliue  mass^  coiLsifiting  of  sal-am- 
moniac and  cyamelide*  the  solidificAtlon  being  accompanied  by  the  eTolution  of  highly 
compressed  carbonic  and  hydrochloric  acid  gases  (Wohler),  The  compound,  hejit4Hl 
in  open  ve^^ads,  k  resolved  into  cyamelide  and  hydrochloric  acid  gas.  It  dissolres 
immediately  in  water,  yielding  a  solution  of  sal-ammoniiiCi  with  great  rise  of  tempe- 
ra tm-e  and  yiolent  erolutioa  of  carbonic  anhydride : 

CNHO.HCl  +  WQ  =  NH*C1  +  COl 
Hence  it  immedijitely  begins  to  effervesce  when  eipoaed  to  moist  air,  or  when  breathed 
upoii^  the  decom[)Osition  going  on  till  nothing  remainis  but  a  solid  mass  of  sal-am- 
nifjuiuc.  When  mixed  with  alcohol,  it  decomposes  immediately,  with  great  evolution 
of  heat,  into  hydrochloric  acid  and  alhphanic  ether.  (Wuhler,  Ann.  Ch.  PhiiroL 
xlv.  357.) 

Cyftuatea.    Cyanic  acid  ia  monobasic^  its  salts  having  the  formula  ClOiO  or 

CN I 

^50.     They  are  ohtained,  sometimea  by  the  methods  indicated  for  the  formation  of 

cyanic  acid  (p.  191)  i  sometimes  by  bringing  the  aqueous  add  in  contact  nith  the  bnse ; 
sometimes  by  precipititting  an  aqueous  solution  of  cyanat©  of  potassium  or  barium  with 
a  heavy  metallic  suit  (Wohler).  In  the  last  case^  however,  according  to  Haidlen 
and  Fresenius,  a  carbonate  is  sometimes  thrown  down  instead  of  thecyanate,  e.g.  with 
lead  and  sciuc  salts* 

Many  cvanateSj  as  those  of  stiver  and  mercury,  when  heated  in  the  dry  state, 
give  off  undccompoBod  cyanic  acid,  t<>gether  with  carbonic  auhydride  and  nitrogefi  gases ; 
othert^,  as  those  of  the  fixed  idkaii-mctals,  remain  uudecomposed  even  at  a  red  heat, 
excepting  in  presence  of  moisture,  by  which  the  salt  is  decomxx^ed,  at  a  moderate 
heat,  into  carhouate  of  ammonium,  fixed  alkaline  carbonate,  and  a  substance  re- 
sembling pamcyanogen  \  the  same  decomposition  is  produced  oven  by  repeated  solution 
in  water  and  evapomtiou : 

2CICK0  +  3H«0  ^  K-O  +  2NH»  +  2C01 

Cyanates  are  decompoped  by  the  stronger  acids^  the  cyanic  acid  being  wholly  or  partly 
decomposed  by  the  water  prt^sent,  into  carbonic  anhydride  and  ammonia,  so  that  the 
reaction  is  attended  mth  effervescence,  and  the  liquid,  if  subsequently  heated  with 
excess  of  |>otaSih,  gives  ofi' ammonia.  The  pungent  odour  of  cyauic  acid  is  always  more 
or  \mB  perceptible.  CNpanatea  detonate  when  heated  with  chlorat*  of  potassium 
(Wohler).  Strong  solphnric  add,  dilute  hydrochloric  acid,  and  aqueous  oxalic  acid 
elimiaat«  &om  cyamites  scarcely  any  but  cartxtmc  acid,  retaining  the  ammonia  ;  crys- 
tallised oxaUc  add,  or  oonoe&trat4>d  hydrochloric  acid,  expels  cyanic  add,  which  is  then 
converted  into  cyamelide*  Dilute  sulphuric  acid  eliminates,  together  with  the  carbonic 
add,  a  quantity  of  imdccomposed  cyanic  acid  vapour,  which  may  bo  recognised  by  its 
ibt^nsely  pangeat  odour.  Some  acid^.as  acetic  acid  (and  likewise  mitterai  acidst 
e.  g,  hydrochloric  acid^  according  to  Campbell),  if  added  to  the  concentrated  »ohition 
of  the  potassium -salt,  likewise  throw  down  crystals  of  acid  cyanurate  of  potassium 
(Wohler).  Tho  odour  of  cyanic  acid  is  slowly,  and  therefore  most  perceptibly, 
evolved  on  dissolving  cyanate  of  potassium  in  water  coiituining  cream  of  tartar. 
(Hiincfeid,  Sehw.  J,  lx.477.) 


CYANIC  ACnX  193 

The  cysnates  of  the  alkali-metals,  alkaline  eaxih-metids,  and  a  few  others,  are 
■ohible  in  water.  The  solutions  form  white  precipitates  with  nitrate  of  lead  or  silver, 
or  with  mercuraus  nitrate^  greenish-brown  with  nitrate  of  copper,  and  brownish-yellow 
with  chloride  of  aold  (Wohler).  They  do  not  form  any  precipitate  with  stannoua 
or  stannic  chlorioe,  fenons  or  fierrio  chloride,  or  with  mercnrie  chloride.  Neither  do 
they  form  pmsaian  blue  with  iTon-salts,  on  addition  of  solphydric  acid  or  sulphate  of 
ammonium. 

Cyanates  of  ^mm^ntttm.  — The  neutral  salt  CN.NH^O,  which  is  isomeric  with 

carbamide  (urea),  h«[^>  ^'^  ^^^  heen.  prepared  in  the  solid  state,  but  may  be  ob- 
tained in  solution  by  decomposing  cyanate  of  silver  with  aqueous  sal-anmioniac  The 
filtered  liquid  exhibits  the  reactions  of  a  cyanate,  but  when  heated  or  left  to  eyi^rate 
^K»taneously,  it  is  converted  into  urea. 

Basic  salt. — ^When  vapour  of  cyanic  acid  is  mixed  with  dry  ammonia-gas,  the  two 
condense,  with  great  evolution  of  heat,  to  a  snow-white  powder,  very  soluble  in  water. 
The  solution,  when  evaporated,  gives  off  ammonia,  and  deposits  urea.  The  dry  salt 
undergoes  the  same  transformation,  gradually  on  exposure  to  the  air,  immediately  when 
heated ;  in  an  atmosphere  of  ammonia  it  may  be  preserved  unaltered.    (Wohler.) 

Cyanate  of  Amy  I, — See  Ctanio  Ethebs. 

Cyanate  of  Barium,  CNBaO,  ma^  be  obtained  by  passing  cyanogen-gas  into 
bazyta-water,  whereby  cyanate  and  cyanide  of  barium  are  produced,  decomposing  the 
oranide  with  carbonic  acid,  and  removing  the  carbonate  of  barium  by  filtration 
(Wohler);  by  mixing  concentrated  aqueous  solutions  of  cyanate  of  potassium  and 
acetate  of  barium,  and  adding  alcohol,  which  throws  down  a  precipitate  of  cyanate  of 
barium  (Berzelius) ;  or  most  easily  by  heating  cyanurate  of  barium  in  a  retort  till  it 
melts  (Berzelius).  The  salt  crystallises  in  small  prisms.  Its  aqueous  solution  is 
decomposed  by  boiling,  into  ammonia  and  carbonate  of  barium. 

Cyanate  of  Calcium, — Obtained  by  passing  C3ranic  acid  vapour  into  milk  of  lime. 
It  does  not  crystallise. 

Cyanate  of  Copper,  —  Greenish-brown  precipitate,  obtained  by  mixing  the  solu- 
tions of  cyanate  of  barium  and  acetate  of  copper. 

Cyanate  of  Ethyl, —  See  Ctahic  Ethebs. 

Cyanate  of  Lead,  CNFbO,  is  obtained  by  mixing  the  solutions  of  acetate  of  lead 
and  cyanate  of  potassium,  as  a  white  precipitate  composed  of  fine  needles,  and  soluble 
in  boiling  water.  When  heated  in  an  open  vessel,  it  takes  fire,  bums  with  sparkling, 
and  leaver  metallic  lead. 

Cyanate  of  Methyl, — See  CrAino  Ethkbs. 

Cyanate,  Mercurous, — ^White  precipitate,  obtained  by  adding  a  solution  of  the 
barium-oalt  to  mercurous  nitrate. 

Cyanate  of  Potassium,  CNKO. — For  the  various  modes  of  formation  of  this  salt» 
■ee  page  190.  It  is  prepared  by  oxidising  the  cyanide  with  metallic  oxides :  1.  Crude 
cyanide  of  potassium,  prepared  by  fusing  the  ferrocyanide  with  carbonate  of  potassium, 
sad  containing  6  at.  cyanide  of  potassium  to  1  at.  cyanate,  is  heated  to  the  melting 
point  in  an  earthen  or  iron  crucible ;  somewhat  more  than  three  times  the  quantity  of 
polverised  and  gently  ignited  litharee  is  then  introduced,  the  fused  mass  beine  stirred 
at  the  same  time ;  the  mixture  is  heated  till  the  metallic  lead  has  collected  at  the 
bottom,  then  poured  out ;  and  the  solidified  saline  mass  is  pulverised  and  boiled  with 
alcohol  as  long  as  the  resulting  solution  continues  to  yield  cyanate  of  potassium  on 
cooling  (Liebig): 

CNK  +  Pb*0  -  CNKO  +  Pb*. 

Acooidinff  to  Clem m  (Ann.  Ch.  Fharm.  IxvL  382),  the  best  mode  of  preparing  cyanate 
of  potassium  is  to  add  15  parts  of  minium,  by  small  portions  at  a  time,  to  the  fused 
and  somewhat  cooled,  but  still  fluid  mass  of  8  pts.  ferrocyanide  and  3  pts.  car- 
bonate of  potassium,  taking  care  that  the  temperature  does  not  rise  too  hign.  The 
cradble  is  then  to  be  returned  to  the  fire,  and  the  contents  stirred,  poured  out,  and 
left  to  oooL —  2.  A  finely-pulverised  mixture  of  ferrocyanide  of  potassium  and  per* 
oxide  of  manganese  is  raised  to  a  very  low  red  heat  (if  the  heat  be  stronger,  the 
cyanic  acid  is  decomposed,  with  formation  of  carbonic  anhydride  and  protoxide  of 
Banganese)  (Wohler).  0^  an  intimate  mixture  of  1  pt.  crystallised  ferrocyanide  of 
poCasaiam  and  firom  li  to  2  pts.  manganese,  is  formed  into  a  cone,  the  point  of  which 
M  set  OD  flze  by  a  red-hoi  ooal,  whereupon  a  slow  combustion  extends  throughout  the 
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mMs  (Lielsig).  Orbptter:  a  T<?ry  fliioly-pulreris^Ki  and  intimate  mixhare  of  2  pts. 
dehydrated  ferroeyftnidB  of  potuRsium  and  1  pK  mangmiese  i»  beatecl  to  low  redDeaa 
on  an  iron  plate,  Trith  constant  stimiig^  the  ujaea  gradually  burning  with  a  glimmcriiig 
light.  The  03cygen  of  the  manganc>«e  ui  fir  from  enfflcient  for  the  formation  of  the 
cyonatc  of  potasBinin,  but  the  air  likewise  tak^s  part  in  the  action  ;  if  more  manganeae 
be  used,  a  (*oaBiderabIo  quantity  of  carbonat43  of  potasi»iiim  ia  prijduced  (Lie big). 
— 3.  An  intimate  mixture  of  3  pta.  dehydrate  f^etrocynnidc  of  potas^iinm,  I  pt  dry 
carbonate  of  polaanvuii,  and  4  pt«.  Tery  fiaely  pounded  manganese,  is  gently  ignited  in 
a  emcible  till  a  sample  dissolTed  in  Tirater  aft<^r  cooling  nf>  longer  forms  FruBsiiio  blae 
with  ferric  salts.  The  mass,  when  ooM,  is  finely  pounded  and  boiled  with  80  per  cent, 
of  alcohol  (Beffelius,  Lchrbtmh),  —  4.  A  mixture  of  4  pta.  ferrocyanide  of  potas- 
Bium  and  3  pta.  nitre,,  is  thrown  bj  smiall  portions  into  a  ri?d-hot  crucible,  Stjrong 
detonation  then  takes  place,  and  there  remains  a  black  mixture  of  undecompoj^ed 
ferrot»yanidn,  chaneoai  ferric  oxide,  and  carlsonate  and  cyanato  of  potassium,  the 
qiaantJty  of  the  latter  amounting  to  1  part.    (Wohler.) 

To  obtain  the  eyanate  of  pokis»Ium  in  a  purer  state  from  the  residues  of  these 
processes,  they  mnst  be  boiled  with  alcohol  of  the  strength  of  86  per  cent,  as  long  as 
the  roaulting  liquid  continues  to  ^ield  cyanate  of  potaAsitim  on  cooUug.  The  alcoholic 
mother-liquid  serrca  to  repeat  the  exhaustion  of  the  residue.  The  crystals  must  he 
scTcml  times  washed  with  absolute  alcohol,  prejaed,  rapidly  dried  at  100*^  C,  or  in 
Tacuo  over  oil  of  vitriol,  and  preserred  in  a  well- closed  bottle,  because  the  salt  is  very 
easily  resolTed  by  the  action  of  moisture  into  cubonute  of  ammonium  and  acid  carbonate 
of  potassium.     (B  e  r x  e  li  u  s. ) 

Cjanate  of  potassium  crystallises  in  small  colourless  laminio  and  needles^  similar  to 
those  of  chlorate  of  potaftsium.  It  fuses  at  a  temperature  much  below  redness  to  a 
transparent  and  colourless  liquid.  It  ia  inodorous,  and  tastes  Hko  nitre.  (Wohler.) 
It  dissolves  readily  in  water^  sparingly  in  cold  bydrated  alcohol,  more  easily  in  boiling 
hydrated  alcohol ;  in  absolute  alcohol  it  is  insoluble.     (Wohler.) 

The  dry  salt  is  not  decomposed  by  ignition  ;  but  ifimUrhe  dropped  upon  it  at  that 
temperature,  it  is  rapidly  resolved  into  carbonate  of  potassium   and  carbonate  of 
ammonium.     The  same  change  takes  place  whtiu  an  aqueous  solution  of  the  salt  is 
evaporated  in  the  air,  either  at  the  ordinary  or  at  a  higher  tempemture  (Wohler)  : 
2CKK0  +  4E^0  «  CO'K'  +  CO'.(NH*)*. 

Hydrogen  gas  passed  over  the  red-hot  salt,  abstracts  all  the  oxygen  atid  reduces  it  to 
cyanide  of  potassium ;  hut  the  water  thereby  produce^!  decomfK>ses  another  jiortion  of 
the  cyanato  of  |>otassium  into  carbonato  of  |>otasaium  and  carbonate  of  uunnonium 
(Wo hie  r).  Charcoal  at  a  red  heat  likewise  converts  eyanato  of  potassium  info  cyunido 
(G  m  e  1  i  n).  Pofassium  dissolves  quit^  quietly  in  melting  cyauate  of  potaasiuiii,  forming 
a  mixture  of  potash  and  cyanide  of  potassium : 

CNKO  +  K*  =  CNK  ^  K'O. 

Red-hot  iroH'-filings  form,  with  the  salt,  a  mixture  of  cyanide  of  potassium,  ferro- 
cyanide  of  potassium,  and  pr<:>toxide  of  iron  (Wohler).  Sulphur  fuses  with  the  Bidt, 
forming  a  mixture  of  sulphocyanate,  sulphide,  and  sulphate  of  potassium  (Wohler). 
In  this  ea**c.,  other  decomponition-products  are  prohably  formed  at  \hv  sanu^  time. — 
Sulphuric  acid  converts  the  m*  llini  salt  into  a  yellow  mtiture  of  sulphide  ami  salpho- 
cyauhteof  pota>isiuni,  a  ^mall  quantity  of  sulphydrat^^  of  ammonium  being  sublimed  at 
the  same  time  (Wohler.)  Dry  hydrocldoric  acid  ga^^  passed  over  the  heated  salt* 
produces  sal-ammoniac  and  chloride  of  potassium  (Wohler);  probably  also  phos* 
gene  is  formed  at  the  aome  time : 

CKKO  +  4HCI  ^  KCi  +  NH*C1  +  CCIO. 

When  cyanafce  of  potassium  is  heated  with  chtoridt  ofhencof/!^  earbonie  anhydride 
is  evolved,  and  chloride  of  potassium  is  formed,  together  with  cyaphenirie,  a  crys- 
talline base  polymeric  with  cyanide  of  phenyl  (benzonitrile),  and  a  smidl  quantity  of 
an  oil  Ixiilitig  at  190'^  C.«  which  uppeare  to  be  cyanide  of  phenyl: 

3C'H=0a  +  3CNK0  =  3KC1  4-  3C0*  +  C^^H^'N*. 
Chlorldt?  of        Cfniiittt}  of  C>-apl»vi]lne. 

tienfojrL  iJOtouium. 

A  similar  reaction  takes  place  with  chloride  o/acftf/l^  carbonic  anhydride  being  evolved 
and  a  crystalline  kise  produced,  probably  oy am e thine,  C*11'K'  (p.  200).  (Clocf 
Ann.  Ch.  Pharm,  cxv.  27.) 

Ci/anatu  of  Silper^  CKAgO,  is  obtained  by  decomposing  cjanate  of  potiissinm 
with  nitrate  of  silver,  as  a  white  precipitate,  of  specific  gravity  4004,  and  somewhat 
B^iluble  in  boiling  water.  Dilute  nitric  acid  dissolves  and  immediately  decomposes  it 
When  heated^  it  meltsi,  bums  with  incand*M9cence,  and  leaves  charcoal  and  metallic 
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nlTer  oontuning  nitrogen.  It  dissolves  in  ammonia,  the  solution  yielding  by  eyapora- 
tioQ,  large  semitransparent  ciystalline  laminse,  consisting  of  ammonio-cyanato  of 
silyer,  or  cyanate  of  argentammonium.  When  exposed  to  the  air  or  immersed 
in  water,  they  give  up  their  ammonia  and  become  opaque.    (Wohler.) 

Cyanate  of  Sodium  ia  crystallisable. 

Cyanate  of  Yttrium. — Anhydrous  salt,  insoluble  in  water  and  in  alcohol;  sepa- 
rates after  a  while  £rom  a  mixture  of  the  alcoholic  solutions  of  cyanate  of  potassium 
and  an  yttrium-salt.    (Berlin.) 

CTAVZC  gTII  BBBi  These  compounds,  the  cyanates  of  the  alcohol-radidefl, 
are  obtained  by  distilling  cyanate  of  potassium  with  ethyl-sulphate  of  potassium, 
or  by  the  action  of  the  iodides  of  the  alcohol-radicles  on  cyanate  of  silver.  They  are 
volatile  liquids  which  give,  with  potash  and  with  ammonia,  reactions  analogous  to 
those  of  cyanic  acid  (cyanate  of  hydrogen),  yielding,  in  the  first  case,  carbonate  of 
potassium,  and  an  ammonia  in  which  1  at.  hydrogen  is  replaced  by  an  alcohol-radicle, 
and  in  the  second,  a  carbamide,  or  urea,  in  which  1  at.  hydrogen  is  similarly  replaced. 

Cyanate  of  Allyh  C*H»NO  -  CN.C»H».0,  or  N.Cb.C»H».  (Cahours  and 
Hofmann,  PhiL  Trana  1867,  566.) — Produced  by  the  action  of  iodide  of  allyl  on 
cyanate  of  silver.  The  heat  produced  by  the  reaction  is  sufficient  to  distil  over  nearly 
the  whole  of  the  volatile  product  It  is  a  transparent  colourless  liquid,  having  a  pun- 
gent and  intensely  tear-exciting  odour.  It  boils  at  82°  C.  Vapour-density  =-  3-046 
(ezp.)  «  2*88  (calc.  2  yoIs.)    It  dissolves  easily,  with  rise  of  temperature,  in  ammonia, 

db     ) 
and  the  solution  when  evaporated  yields  crystals  of  allyl-urea,   ;g$/nsTT»\r^'*  With 

etkylamine,  in  like  manner,  it  yields  ethyl-allyl-urea.  Distilled  witn  potash  it 
yields  allylamine,  N.mC»H*. 

Cyanate  of  Amyl  C«H»'NO  «  CN(C»H")0,  or  N.CO.C'H".  (A.  Wurtz,  Ann. 
Ch.  Phys.  [3]  xlii  43.)  —  Prepared  by  heating  2  pts.  of  amylsulphate  with  1  pt 
cyanate  of  potassium : 

C»H".KJSO*  +  CN.K.0  «  K«SO«  +  CN.C*H".0. 

If  a  small  quantity  of  mercury  be  added  to  the  mixture,  it  may  be  distilled  rapidly 
over  the  open  fire.  The  distillate,  if  rich  in  cyanate  of  amyl,  is  tolerably  mobile. 
When  purified  by  rectification  from  a  small  quantify  of  a  less  volatile  compound,  it 
boils  at  about  100°  C.  With  ammonia  it  yields  amyl-urea,  N^.(CO)".C*H»MI*,  and 
when  hcateil  Mnihpotaeh  it  yields  amylamine,  N.H^C^H". 

Cyanate  of  Ethyl  Cyanic  ether.  C»H»NO  =  CN.C»H».0,  or  N.Cb.C«H». 
(Wnrtz,  loc.  cit^ — Obtained,  together  with  cyanuric  ether,  by  distilling  cj-anate  of 
potassium  with  the  ethylsulphatc.  The  cyanic  ether  is  easily  separated  by  rectifica- 
tion, being  very  volatile,  whereas  the  cyanuric  ether,  which  has  a  triple  atomic  weight, 
does  not  hoW.  till  Riisod  to  a  very  high  temperature.  It  may  be  purified  by  several 
rectifications  over  chloride  of  calcium. 

Cyanate  of  ethyl  is  a  transparent,  colourless,  very  mobile  liquid,  of  specific  gravity 
0-8989,  and  having  a  very  high  refracting  power.  iJoils  at  60-  C.  Vapour-den- 
sity =  2-476  (exp.)  «  2-460  (calc  2  vols.)  The  vapour  is  very  irritating,  and  excites 
a  copious  flow  of  tears. 

I}fcvmpositions. — 1.  Cyanate  of  ethyl  is  decomposed  by  water  into  carbonic  anhy- 
dride and  diethyl-carbamide: 

2(N.(50.C«H»)  +  H«0  =  C0«  +  N«.CO.(C^»)«.H». 
2.  It  dissolves  in  aqueous  ammoniOy  the  solution  yielding  by  evaporation  beautiful 
prisms  of  ethyl-carbamide : 

N.C&.CH*  +  NH»  -  N«.C&.C'H».H«. 

With  ethylamine,  phenylamine,  conine,  &c.,  it  yields,  in  like  manner,  carbamides  in 
which  2  at.  hydrogen  are  replaced  by  alcohol-radides,  e,  g. 

N.db.C*H»  +  N.H^C«H»  =.  Nl(5b.C^H».C«H».H«. 
Cyanate  of       Phenjlamine.         PhenyKcthyl-carbamide. 
ethyl. 

8.  Boiled  with  ^potaeh  in  a  sealed  tube,  it  yields  carbonate  of  potassium  and  e  thy  la* 

mine: 

N.C6.C«H»  +  2HK0  =  C(5.K«.0»  +  N.CH».H» 

Cyanate  of  Carbonate       Ethylamfne. 

•tliyl.  ofpotaMium. 
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4.  Hcat«d  in  lite  maimer  with  anhydrous  etktflaie  ofmiium  {^  pottunum)  it  yielda 
tj^iethjlaminer 

Somptiroos,  however,  a  difiweDt  ppaetion  takc«  pWe,  jielding  carbotri ethyl tnamine  an<! 
other  ppoducta  (Hofmann,  pp.  654,  fiflO).— 5.  Cyiiiiate  of  ethyl  mUed  idih  gladcd 
actiic  addf  yields  carbonic  anhydride  and  cthylacetamide  : 

N.Cb.CH*  +  C*H»O.H.O  -  C0»  +  N,(CH»0)lCr-H*. 

6.  Hwitedto  180^  C.  in  a  sealed  tube  with  acetie  anhydride ^  it  yields  ethyldiaeela- 
mide; 

N.C'5.C*H*  4-  ((7H*0)'.0  =  CO^  +  N.(C?«H»0)'.C*H*. 

7,  When  cyanic  ether  is  mixed  with  cnn<;eatmt6d./brwiiic  acid^  -riolent  ©Tolution  of  ear- 
boDic  anhydride  takes  place,  and  if  the  tube  b«  then  Hf'alHl  and  heated  to  100°  C** 
ethyl- form  amide,  C'H'  NO  =  N.  CHO.  C*H«.  H,  \b  produced.  —  8.  With  akokol^ 
cyonjite  of  ethyl  forms  cthylcarbamate  of  ethyl  (ethyl-urethane): 


It  does  not  act  upon  Hhtr,  eTcn  when  strongly  heated  with  it  in  sealed  tubes  for  aevend 
ijjiyg^ — g^  Cyanate  of  ethyl  dii«3olves  urea  (^jarbomidc)  at  a  moderate  heat,  and  the  sob- 
tioHi  heated  to  100°  C,  for  about  a  quarter  of  an  hotir,  and  then  left  to  cool,  eoHdiSiia 
to  a  crystalline  mass,  chiefly  coneiating  of  the  comf>o!iud  C'H'*N*0\  formed  by  the 
union  of  I  at.  carbamide  (CH*N'^0)  and  2  at.  cyanic  ether  f  C"H^NO).  This  compound, 
which  crystallises  fkt}m  hot  water  in  white  silky  needles,  anadisaolvas  i^cadily  in  alcohol. 


ether,  and  dilttte  acids,  is  diethyl<tric&rbo-tetram 


(CO)*  ) 
ide,  (C='H*)'^N*;  it  eont^na 


also  the  elements  of  diethyl-cyanurate  of  ammonium,  (0«^i\ti^H*.p**  ^^^  ^* 
doo«  not  ex  hi  Vat  the  characters  of  an  ammonium-sAlt,  not  yielding  di  ethyl  cyannrie 
acid  when  treated  with  mineral  scidst  or  being  precipitated  by  dichlonde  of  plaf  ilium, 
or  giTing  off  ammonia  when  treated  with  cold  potash^  in  which  indeed  it  dissolves 
without  decomposition  ;  it  is  only  when  boiled  with  potash  that  it  suffers  decomposi- 
tiou,  being  then  resolved  into  2  at.  ammonia,  3  at.  ethylamine,  and  3  at.  carbonic  an- 
hydride (Hofmann,  Proc.  Roy.  St^c.  xi  274). — 10.  Cyanate  of  ethyl,  mixed  with 
^ricMy/pAo^/FA/rtf,  is  gradually  converted  into  cyan  urate  of  ethyl  ^  the  odour  of 
the  cyanate  soon  disappears,  and  if  the  liquid  be  then  treiited  with  dilute  hydrochloric 
acid  to  remore  the  pnoEiphoruS'biiSE5,  the  oil  which  floata  on  the  surface  quickly 
Bolidifies  to  a  crystalline  mass  of  cyaunric  ether,  (Hofmann,  Chem.  Soc  Qu,  J. 
xtii.  322.) 

Bt/drochl<>rate  of  Cyanic  Eth^^  C'H*N0.HC1.  —  Obtained  by  passing  dry  hydro- 
chloric acid  gas  into  cyanic  ether,  or  by  the  action  of  that  gas  on  diethyl-carbaniide : 
C*H»'N20  +  2HC1  =  C'H*N0.HC1  +  C^H^'.HCL 

Dtrtthjl-  Hydrocblorate  of        llTdrnchl'Tate 

carbamide.  cjanic  eiher,  or  «tbyl*inlne. 

It  18  likewise  the  chief  product  of  the  action  of  chlorine  on  ethybcarbamide.  It  is  a 
liquid  which  has  a  punpent  ttMLT-exciting  odour,  boils  at  95°' C.»  and  l*i  immediately 
decomposed  by  water,  yielding  carbonic  anhydride  and  hydrochlorate  of  ethylamine, 
(Habich  and  Limpricht,  Aiin.  Ch,  Phann.  cv>  396.) 

Cyanatf  ofMtlhiik  C^*NO  =-  CN.CH*.0,  or  N.CO.CH*.  (WurtE,  loc.cit.)— 
Obtained  by  heating  2  pts.  of  crystaUised  and  well  dried  methyl-sulphat*!  of  potassinm 
with  1  pt.  of  cyanate  of  potassium,  collecting  the  distiUate  in  a  well  cooled  receiver, 
and  reetifying  to  separate  the  cyanate  of  meth^rl  from  the  much  less  Tolntile  cyanu- 
rnt^  formed  at  the  same  time.  It  is  a  rery  Toktilc  liquid,  boiling  at  &0^  C,  and  emit- 
ting highly  pungent  choking  vapours.  When  sealed  up  in  a  tube,  it  changes  in  a  few 
weeka^  and  often  indeed  in  a  few  hours,  into  crystallised  cyannrate  of  methyl.  Its  re* 
actions  with  potash,  ammonia,  water,  &c.,  are  analogous  to  those  of  cyanate  of  ethyl 

Cyanate  of  Nuphthyl,  C^'H^J^O  «  CN,C'*H^O,  is  obtained,  together  with  other 
products,  by  the  action  of  phosphoric  anhydride  on  dinuphthyl-carbamide.  (V,  Hull 
Proc.  Ray.  Soc,  ix.  366.) 

Cyanate  of  Fhrnyl,  Anitocyamc  Acid,  Carhanil,  AnUcarbamide,  Phcnyl-carh- 
fnidt^  (TH'NO  *  CN.C'H\0  ^  N.cdC*H\— This  compound,  discovered  by  Hof- 
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maon  in  1860  (Ann.  Ch.  Phann.  Ixziv.  91  was  originally  obtained  by  the  dry 
distillation  of  melanozimide  ^C**H"N*0').  Tnis  substance,  when  heated,  suffers  a  very 
complicated  decomposition,  giving  off  lar^  quantities  of  carbonic  oxide  and  a  small 
quantity  of  carbonic  anbjdnde,  and  yielding  a  distillate  of  cyan  ate  of  phenyl  mixed 
with  diphenyl-carbamide  (see  Mslanoxhcidb).  The  latter  ciystallises  out  as  the 
distillate  cools,  and  on  filtering  the  liquid  and  rectifying  in  a  p<^ectly  diy  apparatus, 
the  cyanate  of  phenyl  is  obtained  pure.  C^anate  of  phenyl  is  also  produced  in  small 
quantity  by  the  dnr  distillation  of  melaniline  (Hofmann,  loc.  cit)  More  recently 
Hofinann  has  found  that  it  may  be  obtained  by  the  action  of  phosphoric  anhydride, 
chloride  of  cine,  or  strong  hydrochloric  acid,  on  diphenyl-carbamide,  the  substance  then 
tplkting  up  into  phenylamine  and  cyanate  of  phenyl : 

N».c6.(OB7.H«  -  N.C«H».H»  +  N.C6.C«H\ 

Diphenyl-caiW  Phenylamine.         Cyanate  of 

mtde.  phenyl. 

the  decomposition  bein^  precisely  analogous  to  that  of  carbamide  (urea)  into  ammonia 
and  cyanic  acid.     As  diphenyl-carbamide  is  difficult  to  prepare,  it  may  be  replaced  for 

this  purpose  by  diphenyl-oxamide,  N.C?0'.(C*H*)*.H*,  which,  under  the  influence  of 
phosphoric  anhydride,  splits  up  into  carbonic  oxide  and  diphenyl-carbamida  (Hof- 
mann, Flroa  Boy.  Soc.  ix.  274.) 

Cyanate  of  phenyl  is  a  thin,  transparent,  colourless,  strongly  refracting  liquid, 
heavier  than  water,  and  boiline  between  1 78°  and  180°  C.  Its  vapour  has  an  extremely 
powerfiil  odour  of  cyanogen,  hydrocyanic  acid,  and  phenylamine  together,  exciting  a 
eopioos  flow  of  tears,  and  producing  a  feeling  of  suffocation  when  inhaled. 

In  contact  with  acids  or  alkalis^  cyanate  of  phenyl  takes  up  1  at  water,  and  is  re- 
solved into  phenylamine  and  carbonic  anhydride : 

C^H»NO  +  H«0  -  C«H'N  +  C0«. 
With  Strang  sulphuric  acid,  the  products  are  carbonic  anhydride  and  phenyl-sulphamic 
add: 

CrH*NO  +  H^SO* »  C0«  +  (>H^SO». 

With  waUr^  cyanate  of  phenyl  yields  carbonic  anhydride  and  diphenyl-carbamide : 
2(N.db.C»H»)  +  HK)  «  C0«  +  N«.Cb.(C^»)^H«. 

Cyanate  of  phenyl.  DlphenyUcarbaroide. 

With  ammonia^  it  evolves  great  heat»  and  immediately  solidifies  in  the  form  of  phenyl- 
cazbamide : 

KCb.C^»  +  NH«  =»  N».C6.C«H».H». 

With  phenylamifUj  it  also  becomes  heated,  and  yields  a  solid  mass  of  diphenyl-car- 
bamide: 

N.db.CH*  +  N.C^».H«  -  N».C5,(C«H»)«.H». 

Other  organic  bases,  such  as  hentylamine^  chinoline^  cumenylamine,  &c.,  likewise  form 
with  cyanate  of  phenyl,  solid  products  which  appear  to  be  analogous  to  diphenyl-car- 
bamide. In  contact  with  trietht/lphosphine^  it  is  converted  into  solid  cyanurate  of 
phenyl.     (Hofmann,  Chem.  Soc.  Qu.  J.  xiiL  322.) 

Cyanate  of  phenyl  dissolves  in  methylic^  ethylic,  amylic^  and  phenylic  al^^ohoh,  the 
liquid  becoming  hot,  and  depositing,  after  a  while,  splendid  ciystals,  which  mell  at  the 
heat  of  boiling  water,  are  insoluble  in  water,  but  dissolve  in  all  proportions  in  alcohol 
and  ether.  The  bodies  thus  obtained  have  not  been  analysed,  but  they  appear  to  be 
the  phenyl-carbamates  of  methyl,  ethyl,  &c.    ( H  o  f  m  a  n  n.) 

cnrAJfXBBS*  Compounds  of  cyanogen  (CN,  or  Cy),  formed  on  the  hydrogen-type 
HH,  or  more  generally  nHH.    The  foUowing  are  examples : 

Cyanide  of  Hydrop;en  (Hydrocyanic  acid)  .        «        •        .  H.Cy 

Cyanide  of  Potassium ECy 

Cyanide  of  Ethyl C«H».Cy 

C^^anide  of  Mercury* Hg"Cy' 

Cyanide  of  Zinc  and  Potassium 2n  ( ^y* 

Cyanide  of  Ferricum  (Ferric  cyanide)         ....  (Fe*)'"Cy' 
Cyanide  of   Potassium  and  Ferrosimi  (Ferrocyanido    of)   K*frt-» 

^Potassium) .$  Fe»J^ 

Cyanide  of  Potassium  and    Ferricum    (Ferricyanide    of/    K*     >^  . 

Potassium) {(Fe^)^ 

Cyanide  of  Potassium  and  Cobalticum  (Cobalticyanide  of  /    K*     >  p„« 

PotaMiiim) J(Co«rr^ 

•  Hff.  a=  300. 
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CymJn|d«ft,  Bfetaliti).  These  compoundi  flfe  not  found  in  natme  readj  farmed^ 
Irat  are  prodnced  in  nnmerons  processes : 

L  A  tew  metals,  potAfiaiam  amontt  the  nnmbci*,  are  converted  into  cynnides  when 
heated  in  cjranogen  gas  or  vapour  of  hydrocyanic  acid,  in  the  latter  ease  with  separation 
of  hydrogen. — 2*  Cyanogen  gas,  passed  over  the  heated  hydrates  or  carbonates  of  the 
alkali-metals,  forms  a  mixture  of  cyanide  and  cyanate  of  the  metal;  it  acta  in  the  sumo 
Aaoner  on  solntioDs  of  the  fixed  alkalis,  excepting  that  a  brown  suhetanee  like  para* 
ejaoogcn  is  abo  formed. — 3.  When  nitrogen  gas  is  passed  over  a  ntixtnre  of  charcoal 
and  hydrate  or  carbonate  of  potussiain  at  a  bright  red  heat,  cyanide  of  potasaium  is 
formed  (Fownes,  J.    pr.    Chem.   xxvi.  412;  Wohler,  JahTi?8ber,   d,   Chem.    1850, 

g660;  Rieckhon,  Ann*  Ch.  Pharm.  Ixxix,  77 1  Belbruck,  ibid,  Ixiv.  296. — 
unsen,  Hcports  of  the  Britiah  Association,  1845,  p.  135).  Cyanide  of  potassium  alao 
exudes  from  blastrfomacca  in  which  iron -ores  arc  smelted  with  charcoal. — 4*  Cyamdea 
are  formed  abundantly  when  nitrogenous  organic  compounds,  or  the  nitrogenoujs  char- 
coal obtained  &om  them,  aro  ignited  with  flxed  alkalis.  This  is  the  nrincipal  method 
by  which  cyanides  are  prepared  on  the  large  scaie,  e.g.  ferroeyaniae  of  potassium, 
by  fusing  carbonate  of  potassium  with  iron  Mings  and  wastes  animal  matter.  The 
same  reaction  is  naed  for  the  det<H!tion  of  nitrogen  in  organic  comi>ounds  (i.  225). 

6.  Cyanides  are  also  formed  by  igniting  nitrat-es  or  nitrites  with  organic  substances, 
dthcr  nitrogenoos  or  non-nitrogenons :  thus,  nitre,  fused  with  excees  of  tartrate  or 
ftoeiate  of  pctt^ssium,  yields  a  considerable  quantity  of  cyanide. — ^6.  Cyanide  of  am- 
moninm  is  formed  when  a  mixture  of  ammonia-gas  and  carbonic  oxide  is  paascd 
through  a  red-hot  tube ; 

2NH»  +  CO  -^  CN.NH*  +  H-Q ; 

also  when  ammonia-gas  is  passed  over  organic  bodies,  charcoal,  or  oven  gmphite,  at  a 
red  heat,  the  reaction  being  attended  with  elimination  of  hydrogen  : 

2>rH»  -J-  c=c:n.kh'  +  h«, 

or  sometimes  according  to  Kuhlmann,  of  mai«h-gas: 

4KH*  +  3C  =  2(CN.KH^)  +  CH*. 

7.  Cyanides  are  formed  one  from  the  other  by  double  decomposition.  Hydrocyanic 
acid  converts  metallic  oxides  into  cyanidea,  sometimes  anhydrotia,  as  in  the  case  of 
silver,  but  more  generally  hydratcd.  To  convert  an  aqneons  alkali  (which  shotild  bo 
free  from  carbonic  acid)  completely  into  cynnide,  hydrocyanic  acid  must  be  added  to  it 
till  it  no  longer  precipitates  sulphate  of  nm^mesium.  Soluble  cyanides  treat*:'d  with 
nitrate  of  silver  yield  a  precipitate  of  cyanide  of  stiver,  and  the  precipitate,  digested 
with  the  aqneous  solution  of  an  alkaline  protofulphide,  yields  snlphide  of  aQvcr  and 
cyanide  of  the  alkati-metaL 

Prifperties  and  ^factions, — The  cyanides  of  the  alkali-metals  are  easily  soluble  in 
water,  bat  most  cyanides  of  the  heavy  metals  are  insoluble ;  cyanide  of  mercorTt  how- 
ever, is  aoluble.  The  cyamdcs  of  the  alkdi -metals,  cyanide  of  merewry,  and  many 
double  cyiiuides  containing  it^  are  soluble  in  dcohoL  None  of  the  metallic  cyanides 
are  soluble  in  ether. 

Some  cyanides  are  crystallisable.  Some  are  colourless,  others  exhibit  various  colours. 
The  cyanides  of  the  alkali -metals  in  the  state  of  aqueous  solution,  exhibit  u  stn^ng 
alkaline  reaction,  and  have  a  bitter  and  alkaline  taste  ;  the  solution  zefmains  alkaline, 
even  when  mixed  with  a  very  lai^e  excess  of  hydrocyanic  acid. 

Cyanide  of  ammonium,  or  hydi^yanate  of  ammonia,  Tolatihscs  undecompoeed  when 
hcat*d.  The  compouuiis  of  cyanogen  with  the  alkali- metals  sustain  a  red  heat  without 
decomposition^  provided  air  and  moisture  be  excludedL  The  cyanides  of  many  of  the 
heavy  metals,  e.  g.  lead,  iron,  cobalt,  nickel,  copper,  &c,  under  these  circumsTanccs, 
give  off  all  their  nitrogen  in  the  form  of  gas,  and  are  converted  into  a  compound  or 
mixture  of  1  at,  metal  and  1  at,  carbon:  CNM  =  CM  +  N. — Cyanide  q^  mercurj'  is  re- 
aolvcd  into  mctitllic  mercuiy  and  cj'anogen  gas ;  and  cyanide  of  silver  gives  ofl'  half 
ita  c^ranogen  in  the  gaseous  fonn,  the  other  half,  perhaps  converted  into  paracyanogen, 
remaining  combined  with  the  Hilver. 

All  cyanide*!,  when  heated  in  the  presence  of  waler^  are  destroyed,  those  of  the 
hcEivy  metals  generally  giving  off  carbonic  oxide,  carbonic  anhydride,  and  ammonia, 
and  leaving  the  metal,  together  with  a  small  quanltty  of  charcoal.  The  cyanides  of 
the  aQudi-metais  are  converted  by  continued  boiling  with  water  into  ammoniacal  giis 
and  alkaline  formates^  c.  g, : 

CNK  +  2H=0  =.  KH*  +  CHKO* 

The  cyanides  of  some  of  the  alkali-metals,  e,  g.  cyanide  of  potassium,  when  heated 
in  contact  ^-ith  the  air,  ftret  take  up  I  at  oxygen,  and  are  conveiiiKi  into  cyanutes 
(CNKO),  and  theae,  when  further  heated,  give  off  nitrogen  and  half  the  carbonic 
anhydride  formed,  and  aro  converted  into  alkaline  carbonates.    The  cyanidee  of  the 


CYANIDES.  199 

htKwj  metals  take  fixe  readily  when  heated,  yielding  nitrogen,  carbonic  acid,  and  metal 
or  oxide.  Cyanides  detonate  by  percusaion  with  cMorate  of  potaaainm.  (Johnston, 
Sefaw.  J.  Ivii.  379.) 

Chlorine  gas  decomposes  many  cyanides,  converting  them  into  chlorides,  and  liberat- 
ing cyanogen,  chloride  of  cyanogen,  either  fixed  or  Tolatile,  and  a  yellow  oil,  the  pro- 
ducts Tarpng  according  to  the  presence  or  absence  of  light  and  water,  the  nature  of 
the  cyanide,  and  the  proportion  of  chlorine  present :  e,  g, 

HgfCy*  +  Cl«  -  Hg^Cl*  +  2CyCl. 

Chlorine,  gndnally  introduced,  converts  cnranide  of  lead  or  cyanide  of  silver  into 
netallic  chloride  and  free  cyanogen,  which  does  not  take  np  any  chlorine  till  all 
cyanide  is  decomposed  (Liebig,  Pogg.  Ann.  xv.  571).  Aqueous  chloride  of  lime  acts 
wpim  cyanide  of  silver  with  violent  raervescence,  evolving  carbonic  acid  and  nitro^n, 
together  with  a  small  quantity  of  cyanogen ;  but  no  cyanic  acid  is  formed  (Liebie). 
Mine  forms  metallic  iodide  and  cyanogen,  or  iodide  of  cyanogen.  It  decomposes  the 
cyanides  of  the  alkali-metals  in  the  state  of  aqueous  solution,  also  cyanide  of  silver  or 
cyanide  of  copper  dissolved  in  aqueous  cyanide  of  potassium,  forming  a  metallic 
iodide  and  lihgting  cyanogen  (G-erdy,  Compt  rend.  xvi.  25;  also  J.  pr.  Chem. 
xzix.  181).  With  boiling  aqueous  cyanide  of  potassium,  it  forms  iodide  of  potassium 
and  iodide  of  cyanogen  (Liebig,  Ann.  Ch.  Pharm.  L  335).  It  decomposes  diy 
cyanide  of  mercury,  forming  iodide  of  mercury  and  iodide  of  cyanogen. 

Strong  nitric  acid  decomposes  all  metallic  cyanides,  with  evolution  of  carbonic  acid, 
nitrogen,  &e.  Excess  of  strong  sulphuric  acid  decomposes  metallic  cyanides  at  high 
temperatures,  forming  a  sulphate  of  the  metal,  acid  sulphate  of  ammonium,  and  carbonic 
oodiie  (Fownes): 

2CNM  +  8H»S0*  +  2H«0  -  M«SO«  +  2(NH«.H.S0*)  +  2C0. 

Most  cyanides,  when  treated  with  dilute  adda^  give  off  their  cyanogen  in  the  form 
of  hydrocyanic  add :  e.  y. 

KCy  +  Ha  «  Ka  +  HCy. 

The  cyanides  of  the  alkali-metals,  which,  in  the  state  of  aqueous  solution,  may 
ibo  be  regarded  as  hydrocyanates,  are  decomposed  by  the  weakest  acids,  even  by 
carbonic  acid ;  hence  their  solution,  if  it  does  not  contain  excess  of  alkali,  gives  off 
hydrocyanic  acid  on  exposure  to  the  air,  that  acid  being  gradually  expelled  by  the  car- 
bonic acid  of  the  air.  On  the  other  hand,  it  is  only  the  alkaline  sulphydrates  and  soap- 
solutions  that  are  decomposed  by  hydrocyanic  acid.     (Scheele.) 

The  compounds  of  cyanogen  with  the  heavy  metals  are  of  a  more  intimate  nature. 
Some,  as  the  cyanides  of  zmc  and  lead,  give  off  hydrocyanic  acid  when  treated  with 
dilute  solutions  of  the  stronger  mineral  acids,  such  as  sulphuric  acid ;  others,  as  the 
cyanides  of  mercuiy  and  silver,  are  not  decomposed,  even  by  the  strongest  oxygen-acids, 
in  the  state  of  aqueous  solution ;  but  hydrogen-acids,  such  as  hydrochloric  and  sulphy- 
dric  acid,  decompose  them ;  others  again,  as  protocyanide  of  gold  and  protocyanide  of 
iron,  withstand  the  action  of  dilute  sulphuric,  hydrochloric,  or  nitric  acid,  even  at  a 
boiling  heat. 

From  the  solutions  of  the  alkaline  cyanides,  many  heavy  metallic  oxides  separate 
part  of  the  alkali-metal,  in  the  form  of  oxide,  which  remains  dissolved,  forming  at  the 
same  time  a  heavy  metallic  cyanide,  or  a  compound  of  that  cyanide  with  the  cyanide 
of  the  alkali-met^ : 

2KCy  +  H^O  +  H«0  -  Hg"Cy»  +  2KH0. 

The  cyanides  of  some  metals  form  crystallisablo  compounds  with  the  oxides  of  the 
same  metal ;  with  various  metallic  iodides,  bromides,  and  chlorides ;  also  with  nitrates 
and  chromates. 

Double  Cyanides. — Cvanides  have  a  strong  tendency  to  unite  with  one  another, 
and  form  definite  compounds,  called  Ctfanogen-salts^  or  Double  Cyanides  (analogous 
to  the  iodides,  bromides,  and  chlorides),  e,g.  cyanide  of  nickel  and  potassium, 
KCy.NiCy  «  KNiCy* ;  ferrocyanide  of  potassium,  2KCy.FeCy = KTeCy*.  (See  Table 
p.  197.) 

The  most  numerous  of  these  double  salts  are  the  compounds  of  the  alkaline  cyanides 
(including  cyanide  of  ammonium,  NH*Cy),  with  the  cyanides  of  the  heavy  metals ;  they 
are  form^  and  prepared  as  follows : 

1.  By  saturating  the  aqueous  solution  of  the  cyanide  of  an  alkali-metal  with  a  heavy 
metallic  cyanide,  or,  if  the  latter  be  soluble  in  water,  adding  it  to  the. alkaline  cyanide 
in  the  proportion  determined  bv  calculation. — 2.  By  saturating  the  a<^ueous  solution 
of  the  alkaline  cyanide  with  a  heavy  metallic  oxide  or  hydrate.  In  this  case,  part  of 
the  alkali-metal  is  separated  in  the  form  of  hydrate,  which  remains  mixed  with  the  solu- 
tioo,  and  t2i«  heavy  metal  passes  over  to  the  cyanogen-compound : 
SKCy  +  FeHO  -  K«FeCy»  +  KHO. 
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8.  Bjr  digeatmg  &  Heavy  metnllie  cyanide  with  an  aqtieoos  allcalL  Id  tMs  case,  on  tlie 
eontnrjf  {Mut  of  the  heavy  metal  is  separated  in  the  form  of  hydrate : 

SPeCy  +  2KH0  «  K^eCy*  +  2PeH0, 

4.  By  addint;  aqneotut  hydrocyanie  acid  to  a  mixhiref  is  eqniralent  proportions,  of  a 
heaTy  metallic  oxide  or  iti  carbonate,  and  a  cattstic  or  carbonated  alkali,  till  the  acid 
jretains  its  odour  even  alter  bog  agitation  at  a  gentle  heat  In  thij  caae,  the  hydro- 
eyanie  a<nd  driTea  oat  all  the  carbonic  acid  that  may  bo  present,  and  the  heavy 
metallic  oxide  is  diasolved.^ — 6.  By  saturating  with  cao^ic  potoah  or  carbonate  of 
potaasiamf  the  acid  oompound  which  hydroCTanic  acid  forms  with  certain  heary 
metallic  eyanidaaL — 6.  Flatinoeyanidea  may  be  formed  by  fosiog  platinum  with 
cyanide  of  potassium.  In  this  case,  part  of  the  cyanide  of  t)Otaasium  is  decomposetl, 
yielding  cyanide  of  platincun  and  free  potassinm  (which  oxioisea  to  potash),  while  the 
nndccomposed  portion  of  the  eyaoide  c^  potassinm  nnitea  with  the  cyanide  of  platiniun 
i^mned. 

The  pfoporlioDS  in  which  the  heavy  metallM!  cyanides  may  thoa  be  made  to  imite 
with  the  cyanide  of  an  alkali-metal^  e.g.  with  cyomde  of  potaaslnm,  are  the  fol- 
lowing: 

a.  3  at.  Cyanide  of  potasaimn  to  I  at  Hemicyanide  of  a  heaty  metal,  ZKCy.Cu*Cj  ^ 

K»Cn*Cy*. 
A.  1  at  Cyanide  of  potassinm  to  I  at  Hemicyanide  of  a  heavy  metal,  ECy.Cn^Cy. 
c;  2  at  Cyanide  of  potassium  to  1  at  Piotocyanide  of  a  heavy  metal,  2KCy.Fe^, 
if.  1  at  Cyanide  of  potasaiom  to  1  at  Protocyanide  of  a  heavy  metal^  XCy«^Cy ; 

KCy.CdCy;  KC^.NiCy;  KCyJlgCy;  KQrJLnCy;  KCy.PtCy;  KCyJ*dCr. 
Jt  1  at.  Cyanide  of  potassinm  to  2  at  Protocyanide  of  a  heary  metal,  ECy.2PeCy. 
/.  2  at  Cyanide  of  potassitun  to  1  at  Sesqnicyanide  of  a  heiiTy  ipetal,  2KCy.Pt^CV*< 
a.  3  at  Cyanide  of  potassinm  to  1  at  Sesqnicyanide  of  a  heavy  metal,  3KCy.Cr^^' ; 

3KPyJtfn^y*;  SKCy^FeH^;  3KC^.Co»CV*;  3KCy.Ir*Cy«, 
£  1  at  Cyanide  of  potassinm  to  1  at  Tricyanide  of  a  heaxy  metal,  KCy^AuCy*. 

Almost  all  these  double  cyanides  an^  crystaUisable  and  solable  in  water.  Townrda 
vegetable  colours  they  ore  nentnd  or  slightly  alkaline,  whereas  the  pure  cyan  idea  of 
the  alksU-metals  have  a  strong  alkaline  reaction;  the  double  cyaniaea  likevrise  emit 
little  or  no  odour  of  hydrocyanic  acid.  They  are  also  much  lees  easily  decomposible 
than  the  pure  cyanides  of  the  alkali-mrtals* 

Both  the  metallic  cyanides  contained  in  these  compounds  beharev  wheii  ignited  in  a 
dose  vessel,  just  in  the  same  manner  as  when  they  are  ignited  separately.  Thus,  in 
ferrocyanide  of  potassinm,  2ECy*FeCy,  the  cyanide  of  potassium  remaius  nndecom- 
po'H'd,  while  the  cyanide  of  iron  is  resolved  into  nitrogen  and  carbide  of  iron. 

By  adds  the  double  cyanides  are  decomposed  with  various  d<*grees  of  facility.  The 
alkali-metal  is  always  CHBily  withdrawn,  and  its  place  supplied  by  the  hydrogen  of  the 
acid.  With  many  double  cyanides^  however,  this  change  takes  place  without  any 
alteration  of  structure  in  the  molecule,  thus : 

K»FeCy«  +  2Ha  -  HTeCy*  +  2KCI. 

F^rrocjriinldlo  Ferrocj-xnlde 

of  potSMittco.  of  bydrofva. 

In  other  cases,  only  the  alkaline  cyanide  is  decomposed,  with  evolution  of  hydrocyanic 
acid,  whBe  the  heavy  metallic  cyanide  separates  out;  s.^. 


KAgCy» 
KAgCy« 


HNO» 
HQ 


AgCy 
AgCy 


HCy  +  KCl. 


If  the  separated  cyanide  is  likewise  decomposible  by  the  acid  nsed^  an  exoeas  of  the  acid 
metnally  produces  this   decomposition,  eliminating  the  whole   of  the  cyanogen 
hydrocyanic  acid : 

KAgCy*  +  2Ha      *  2HCy  +  AgCl      +  KCl. 
2K2nCy*  +  2H*S0*  ^  4HCy  +  Zn*SO<  -j-  K-SO** 

In  other  cases,  the  excess  of  the  add  produces  no  further  decomposition,  as  when 
Cyanide  of  silver  and  potassiim  is  acted  upon  by  nitric  acid : 

KAgCy'  +  2HN0"  ^  AgCy  +  HCy  +  KNO>  +  HKO'. 

Snlphydric  acid  prfM:ripitatcs  the  heavy  metal,  in  the  form  of  anlphide,  from  the  dis- 
iolved  compounds  of  the  alkaline  with  the  heavy  cyanides,  sometimes  easily,  as  with 
cadmium,  meicnry,  and  silver ;  sometimes  not  at  ail,  or  but  slowly  and  portiaUyj  as  with 
line,  iron,  cobalt,  nickel,  and  copper. 
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"When  the  solution  of  sach  a  eompoand  of  a  cyanide  of  an  alkali-metal  with  the 
cyanide  of  a  hear^  metal,  is  mixed  with  the  salts  of  other  heavy  metids,  precipitates 
are  formed,  exhibiting  strong  and  yaried  ooloors,  and  generally  consisting  of  com- 
pounds of  the  heaT^  cyanide  already  present,  with  another  heavy  cyanide  formed  by 
double  deoompositaon  between  the  cyanide  of  the  alkali-metal  and  the  salt  of  the 
beayy  metal  which  has  been  added.  Thos,  feirocyanide  of  potassium  forms  with  sul- 
phate of  copper  a  red  prec^tate  of  ferrocyanide  of  copper : 

K«FeCy»  +  Cu«SO«  «  Cu«FeCy»  +  K«SO«. 

Bat  these  pedpitates  often  retain  part  of  the  original  cyanogen-salt  in  a  state  of  inti- 
mate oombmation,  so  that  in  many  esses  it  cannot  be  com^etely  extracted  even  by 
boiling  water. 

On  acoonnt  of  the  different  behaviour  of  the  several  double  (^anidcs  with  acids,  it  is 
usual  to  divide  them  into  two  classes.  1.  The  easily  decomposible  double  cyanides,  which 
give  off  hydrocyanic  acid  when  treated  with  a  stronger  acid,  even  in  the  cold.  These 
are  regarded  as  true  double  salts,  that  is  to  say,  as  compounds  formed  by  the  addition 
of  two  simple  cyanides,  e.  g,  cyanide  of  nickel  and  potassium,  ECy.NiCy. — 2.  The  less 
easily  deeomj^osibU  double  cyanides^  which,  when  treated  with  acids,  do  not  evolve  hy- 
dnxTanic  acid,  but  merely  exchan^  their  alkali-metal  with  the  hydrogen  of  the  acid, 
as  is  the  case  with  the  double  cyamdes  of  iron,  chromium,  cobalt,  and  manganese.  In 
these  compounds,  the  cyanogen  is  usually  supposed  to  be  more  intimately  combined 
with  the  heavy  metal,  forming  a  compound  radicle,  which,  like  chlorine  or  cyanogen 
itself;  can  unite  with  metals,  forming  salts  which  are  decomposed  by  acids,  and  yield  the 
hydrogen-salt  of  the  same  compound  radicle.  Thus,  the  yellow  cyanide  of  iron  (fer- 
rosum)  and  potassium,  ETeCy',  is  regarded  as  the  potassium-salt  of  the  radicle 
ferrocyanooen,  FeCy*  «  CN*Fe,  usually  denoted  by  Cky ;  hence  it  is  called  /rrro- 
cyanids  of  votassium.  In  like  manner,  the  red  cyanide  of  iron  (ferricum)  and 
potassium,  C*N*Fe*K'  «  K'Fe'Cy*,  may  be  regarded  as  ferri-  or  fcrrid-cyanide  of 
potassium,  E'.Fe'Cy^  or  E'.Cfdy,  a  compound  of  potassium  with  ferri-  or  ferrid- 
cyanogen,  FeK!^.  Similar  compound  radicles  are  supposed  to  exist  in  the  double 
cyanides  of  chromium,  cobalt,  and  manganese. 

This  view  of  the  composition  of  the  second  class  of  double  cyanides  is  convenient, 
when  a  particular  class  of  reactions  is  under  consideration,  viz.  the  interchange  of 
the  alkali-metal  of  the  double  cyanide  for  hydrogen,  or  for  a  heavy  metal ;  but  it  is 
by  no  means  necessary  to  regard  them  in  this  way ;  in  fact,  the  behaviour  of  a  double 
cyanide  with  acids  appears  to  depend  rather  upon  the  peculiar  nature  of  the  heavy 
metal  contained  in  it  tnan  on  any  particular  molecular  arrangement  The  first  stage 
of  the  decomposition  is  the  same  m  all  cases,  the  alkali-metel  being  replaced  by  hy- 
drogen ;  but  the  hydrocyanic  acid  thus  formed  remains,  in  some  cases,  combined  with 
the  heavy  metallic  cyamde,  while  in  others  it  separates : 

KNiCy«  +    HNO«  -  NiCy  +     HCy  +    KNO« 
KTeCy*  +  2HC1     -  FeCy  +  2HCy  +  2KCL 

If  now  we  turn  our  attention  to  the  reactions  which  take  place  when  these  double 
cyanides  are  decomposed  by  metallic  salts,  instead  pf  by  the  corresponding  acids  (hy- 
drogen-salts), e.  y* 

K*FeCy»  +  Cu^SO*  -  Cu'FeCy*  +  K»SO* 
2KNi(y  +  Cu«SO«  -  2CuNiCy«  +  K-SO* 
KCdCy»    +  Pb.C^»0*  -  PbCdC^«    +  KC»H«0», 

we  find  that  the  combination  or  separation  of  the  resulting  cyanides  is  not  determined 
by  the  constitution  of  the  original  double  cyanide,  since  the  components  of  the  same 
doable  cyanide  (cyanide  of  nickel  and  potassium  for  example),  may  separate  when  the 
aDiali-metal  is  replaced  by  hydrogen,  whereas,  when  it  is  replaced  by  a  metal,  the  re- 
Bolting  cyanides  remain  united. 

Neither  can  any  difference  of  constitntion  in  the  two  classes  of  double  cyanides  be 
inferred  from  the  fact  that  some  of  these  compounds,  containing  two  heavy  metals, 
the  cyanide  of  nickel  and  coppor,  for  example,  are  decomposed  by  acids,  whereas 
others,  as  the  cyanide  of  iron  and  copper,  are  not,  this  difference  being  due  rather  to 
the  different  nature  of  the  metals  present.  Prussian  blue,  which  is  a  ferrocyanide  of 
iron,  Fe'Cv*,  or  (Ffe*)'*  Fe*Cy*,*  produced  by  the  action  of  ferrocyanide  of  potassium 
on  sesquichloride  of  iron,  is  not  at  all  attacked  by  dilute  acids,  whereas,  if  one  portion 
of  the  iron  existed  within  the  radicle  and  the  rest  without,  the  latter  portion  might  be 
expected  to  disaolve  in  adds  while  the  former  remained.  8o  likewise  with  the  different 

•  Ff«  B  r^. 
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b^'havioiir  of  double  cyanides  with  sulplijdnc  add  j  it  is  the  nature  of  tb©  heavy  metal 
that  determines  whether  decorapo3itioa  nhaJl  take  place  or  not,  mther  than  anj  pecu- 
liarity of  mokculitr  constitution  ;  thaa,  cadmium,  mercury,  and  silver  are  easily  precl- 
pitut^d  by  salphydric  aeid  from  Bolutioua  of  their  doubl^^  oyanidea  ;  niekel,  copper,  zinc, 
and  raanganeae  alowly  and  Tery  imperfectly  ;  iron  and  cobalt  not  at  all 

With  alkafiSf  the  Tarious  double  cyamdea  exhibit,  for  the  most  part,  similar  reac- 
tions. Those  which  contain  alkall-metala  are  not  decomposed  at  all  by  allcolis,  eren 
at  the  boiling  bent.  Those  which  oontalu  only  heayy  metals,  ftajTocyanido  of  copper 
and  the  pmssian  blues  for  example,  are  decomposed  In  such  a  manner  that  part  of  tho 
heavy  metal  is  replaced  by  an  alkali,  so  that  a  soluble  double  cyanide  is  formed,  and 
a  metallic  oxide  separated;  but  these  deeom positions  often  take  plaee  in  such  a 
manner  aa  to  show  that  no  particular  part  of  the  metal  is  more  iotimat^^ly  com- 
bined with  the  cyanogen  than  the  rest  j  thiifl  ferricyanide  of  iron  (Tumbnirs  blue), 
Fe^y*,  or  Fe'Ffc'"C^*,  yieldj  with  potaab,  not  ferricyanide  of  potassium  and  ferroua 
oxide,  but  ferrocyanide  of  potassium  and  ferroso-ferric  oxide. 

Mt^rvnric  oxide  and  mercuric  sulphaU  decompose  all  double  cyanides,  exc4*pt  tho 
pjatinoeyanides ;  thus,  ferrocyiLuido  of  pottissium  and  pruasian  blue  are  completely 
conTert«d  by  them  into  cyanide  of  mercury,  with  formation  of  oxides  or  sulphates  of 
iron. 

All  cyanides  which  give  off  prussic  acid  when  treated  with  dilute  acids,  such  as 
cyanide  of  potassium,  c^^anide  of  nickel  and  potassium,  &c.,  ar^  poisonoua,  like  proscdc 
acid  itself,  whereas  the  more  stable  cyanides,  Uko  ferrocyanido  of  potassium,  are  not  at 
all  poisonous. 

Gjanlile*  of  Aicobol-radloles.  Cifanhydfie  or  Eydrocynnic  Kth«ra.  These 
eompQunds  may  be  regarded  either  as  analogous  in  composition  to  tho  metallic  cyanides 
(if-  as  hydrocvauic  acid  having  its  hydrogen  replaced  by  an  alcohol-nwlicle),  or  \is  tho 
niiriUa  of  acid  radicles  containing  1  at.  carbon  more  thao  the  aloohobradide  in  com- 
bination with  the  cyanogen:  thus, 

Cyanides  eontainif^  the  Aleohol'Tadicks,  C'^H^<*+^ 

Cyanide  of  Methyl,  or  Acetonitrilo .        .        .  C^H*N  «  CHlCy. 
(Sranide  of  Trichloromethyl,  or  Ghloraceto- 

nitrile C«C1'K  -  CC1".C^, 

Cyimido  of  Ethjl,  or  Proplonitrile  ,        ,        .  C"H*N  ^  C'Tl*.Cy. 

Cyanide  of  Tetrjd,  or  Vakronitrile  .         .         ,  C»H''N  ^  C*H".Cy. 

Cyuiido  of  Arayl,  or  Caprouitrile  .        •        ,  C*H"N=  CH^'-Cy. 
&c»  &c 

Cyanides  coniainittg  the  Jlcohol-radicUSf  C^IP'—'', 


Gyfuiide  of  Phenyl,  or  Benzonitrile 

Cyanide  of  Nitrophenyl,  or  Nitro-benzonitrile 

Cyanide  of  Benzyl 

Cyanide  of  Cumenyl,  or  Cumonitrile 


C^H*N  ^  CH^.Cy. 

C«H^N  -  C^H'.Cy. 
C"H»*N  -  C*H'l(5y. 


Tho  cyaaides  of  the  alcohol-radicles  are  obtained  i    1.  By  distilling  a  mixtiiro  of 
cyanide  of  potassium  with  an  ethyl-sulphate  (or  homologous  salt),  e.y. 

KCy  +  C«H*.KSO*  ^  E*SO*  +  CmKCj, 

2.  By  tho  action  of  heat  or  of  phosphoric  anhydride  on  tho  ammonium-salts  of  ibia  , 
corresponding  adds  containing  the  radicles  C^H-"  -'  0,  or  CH^  -*0  ■  thus, 

C5H'O(NH*)0  -  2BK>^  C*H«N. 

Ac«tnt<i  €r  Cymnids  of 

ammonliLiiiL.  niethjL 

C^H»0(NH^)0  -2HK)  -  CTI»N. 

Benioate  of  Cf  iiUde  of 

amtuoDium.  ph«iijU 

This  last  reaction  gives  the  means  of  obtaimng  cyanides  coiresponding  to  alcohols 
which  have  not  yet  been  formed. 

The  alcoholic  cyanides  are  for  the  most  part  volatile  liquids,  having  an  odour  sou 
what  like  that  of  prussic  acid.  When  treated  with  strong  acids  or  alkalis,  they  take  ' 
up  watcr^  and  reproduce  the  ammonla-salt^  from  which  they  may  be  formed.  This  action 
is  analogous  to  that  of  cyanide  of  hydrogen  (prussic  acid),  which,  undar  tho  influence  of 
acids  or  alkalis,  yields 'ammonia  and  formic  acid  (CHN  +  2H'0  -r  KH*  +  CH*0*). 
In  fact,  cyanide  of  hydrogen  (or  formonitrile,  CH.N)  may  be  regarded  as  the  lowest  term 
of  tho  ^noB  of  homologous  aloohoHe  cyanides  C^H*"' '  N. 
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Cjwuaidem  of  Aeid  OnrABlo  Xadleles.  Two  only  of  these  compounds  are 
known,  viz.  the  cyanides  of  benzoyl,  CH*0,  and  cinnamyl,  C"H'0.  They  are  obtained 
hy  distilling  the  chlorides  of  the  corresponding  acid  radicles  with  metallic  cyanides. 
l!heir  reactions  are  analogous  to  those  of  the  corresponding  chlorides. 

CTikinDB  OF  A&SiTXm  C*H*N  =  C«H*  Cy.  (Li eke,  Ann.  Ch.  Pharm.  cxii. 
816.) — Obtained  by  heating  equivalent  quantities  of  cyanide  of  silver  and  iodide  of 
allyl.  and  warming  the  resmting  viscid  oil  with  alcohol  or  ether,  or  distilling  it  with 
water.  The  product  is  a  limpid  mobile  liquid,  having  a  disagreeable  pungent  odour. 
Specific  gravity  =  0*794  at  17°  C.  Boils  between  96°  and  106°  C.  Somewhat  solu- 
ble in  water,  miscible  in  all  proportions  with  alcohol  and  ether. 

CTAJrZBB  OV  AXiUMZailllM  does  not  appear  to  exist  in  the  separate  state. 
Hydrate  of  alumina  does  not  dissolve  in  prussic  acid,  and  when  cyanide  of  potassium 
is  added  to  an  aluminium -salt,  hydrate  of  alumina  is  precipitated  finee  from  prussic  acid. 
A  forrocyanide  of  aluminium  has,  however,  been  obtainea.     (See  Ctanides  of  Ibon.) 

CTJ&JrXDB  or  AmKOVZVM.  Hydrocyanate  of  ammonia.  CN^«  »  Nll'.Cy 
s  NIP.HCy. — Ammonia-gas  and  vapour  of  hydrocyanic  acid  unite  in  equal  volumes, 
without  conilensation,  and  produce  this  salt.  It  is  likewise  formed,  as  already  observed 
(p.  198),  when  ammonia-gas  is  passed  through  a  red-hot  tube  together  with  carbonic 
oxide,  or  over  ignited  carbonaceous  matter;  also  when  charcoal  in  excess  is  ignited  in 
a  retort  with  sd-ammoniac  and  lime,  or  litharge.  Lastly,«it  is  sometimes  formed  by 
the  action  of  nitric  acid,  nitrous  acid,  or  nitric  oxide,  on  organic  bodies. 

Tlie  dry  salt  may  be  prepared  by  heating  in  the  water-bath  3  pts.  ferrocyanide  of 
potassium  with  2  pts.  sal-ammoniac,  tlie  materials  being  perfectly  dry,  and  condensing 
the  product  in  a  receiver  surrounded  with  ice  and  salt  Cyanide  of  mercury  or  cyanide 
of  pi->tassium  may  also  be  used  instead  of  the  ferrocyanide.  Langlois  prepares  the  salt 
by  pa.<«ing  dry  ammonia-gas  over  dry  charcoal  heated  to  redness  in  a  porcelain  tube. 

Cyanide  of  ammonium  crystallises  in  colourless  cubes,  often  grouped  like  fern-leaves, 
ver}'  soluble  in  water  and  alcohol.  It  has  a  strong  pungent  odour  of  ammonia  and 
prussic  acid  together.  It  boils  at  36°  C.  The  vapour  is  very  inflammable  and  burns 
vith  a  bluish  flame,  depositing  carbonate  of  ammonia.  The  density  of  the  vapour  is 
anomalous,  the  molecule  NH'.HCy  occupying  four  volumes  instead  of  two.  J3ut  as 
hydrocyanic  acid  unites  directly  with  ammonia,  wo  may  suppose  that  the  vapour  of 
nani'le  of  ammonium  is  a  mixture  of  these  two  bodies  (the  molecule  of  each  occupying 
two  volumes),  and  that  the  salt  exists  only  in  the  solid  form,  being  decomposed  at  its 
boiling  point. 

Cyanide  of  ammonium  is  very  instable,  and  gradually  changes  into  a  brown  substance, 
asiJmic  acid  (L  480).  Chlorine  and  bromine  decompose  it,  forming  chloride  or  bromido 
of  cyanogen. 

Cyanide  of  ammonium  is  highly  poisonous,  and  yet  ammonia  is  generally  said  to  act 
a^  an  antidote  to  prussic  acid ;  according  to  Langlois,  the  beneficial  action  is  due  to 
the  stimulating  properties  of  the  ammonia. 

CTASriBB  or  AMYX.  Capronitrile,  C«IT"N  =  C^II".Cy.  (Balard,  Ann.  Ch. 
Phy«.  [3]  xii.  294.— Frankland  and  Kolbe,  Ann.  Ch.  Pharm.  Ixv.  288.— Brazier 
and  Gosslcth,  ibid.  Ixxv.  251. — Med  lock,  ibid,  Ixix,  229.) — This  compound  is 
obtainM  by  distilling  equiyalcnt  quantities  of  amy  Isidphate  and  cyanide  of  potassium; 
al.sn  by  the  action  of  cyanide  of  potassium  on  chloride  or  oxalate  of  amyL  It  is  a  very 
niobile  oil,  of  specific  gravity  0*8061  at  20°  C,  and  vapour-density  3-336  (2  vol.). 
Boils  at  146°  C. ;  is  less  soluble  in  water  than  cyanide  of  ethyl,  and  dissolves  in  alcohol 
in  all  proportions.    Boiling  potash  converts  it  into  ammonia  and  caproato  of  potassium : 

CE}^  +  KHO  +  H^O  =  NH«  +  C«H"KO». 

Potasf^um  decomposeflit,  with  evolutien  of  gas,  and  formation  of  an  alkaloid  resembling 
cyancthine. 

CTiLVZlIB  OV  BABZITM,  BaCy,  may  be  obtained  in  the  dry  state  by  igniting  fer- 
rocvanide  of  barium  (Berzelius),  or  ferrocyanide  ofbarium  and  potassium  (Schulz),  in 
a  close  vessel, — and  in  solution,  by  adding  prussic  acid  to  baryta-water  till  it  no  longer 
precipitates  chloride  of  magnesium  (Ittner).  Margueritte  and  De  Sourdoval 
(Compt.  rend.  L  1 100)  prepare  it  on  the  large  sciilo  bv  passing  air  over  an  ignited  mixture 
of  carbonate  of  barium  and  finely  divided  carbon :  the  formation  of  the  cyanide  is  said  to 
take  place  with  great  facility.  It  is  very  soluble  in  water  (F.  and  E.  Rodgers), 
uparingly  (Schulz,  J.  pr.  Chem.  Ixviii.  267),  moderately  soluble  in  alcohol,  easily 
de<\>ni posed  by  carbonic  acid.  Heated  to  300°  C.  in  a  stream  of  aqueous  vapour,  it 
gives  oflT  the  whole  of  its  nitrogen  in  the  form  of  ammonia.  (Margueritte  and  De 
Sourdeval). 

CTAMTBm  OV  BBHXOTXm  C"HK)  »  CHACON.    Already  described  (L  668). 
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CTAWZDS  or  asvZT^.     Cyanide  of  Ihl^l  or  Tdu^^l    C"H^  »  C^H*.CN. 

(St;e  i.  673.) 

CTAJTZms  or  BISMUTU  has  not  been  obtained.  Alkalino  cy&nides  added  to 
bkniu-tb-salta  throw  down  anlj  oxide  of  bLamatk,     (Haidlen  and  Fresenitis.) 

CTFAJriiDE  or  Simf  ^    See  CTA^vmE  op  TsTurL, 

crrAJT^iv  or  qmlo^^wwim*    (i  406,) 

OTAVXSfi  or  CAI>9SJirJI£»  CdCj.  Obtaiaed  in  white  anhydrotis  erf stak  b/ 
diflfKilyiiig  recently  pfectpitiited  bjdmte  of  cadmium,  at  a  gentle  heat,  in  bydrocjaule 
acid.  It  is  periDftneiit  in  the  air.  According  to  EammelfilRrg,  cadmlam-Bdts  afe  not 
precipitated  bj  alkaline  cyanides.  Acoordlng  to  L  Gmelin^  on  the  contraiy  (Hundb. 
vii.  426),  enlpaate  of  cadmitim  forms  with  cyanide  of  pctaasinm  a  white  prfj-clpitato, 
soluble  in  excess  of  the  cyanide,— a  reiult  confirmed  by  the  observations  of  Witts  tei  n» 
of  Haidlen  and  Fresenitia,  and  of  Scbuler.    (Ann.  Ch.  Pharrn.  Ixxxvii.  34,) 

Cf^anidu  of  Copper  and  Cadmium. — a.  2CdCy.Cn*Cy  =:^  Cd'CcaC^. — Recently  preci- 
tuted  cadmic  h jdrate  diasolvea  very  slowly  in  excess  of  hydrocyanic  acid,  but  qoickly^ 
and  with  evolution  of  carbonic  acid  and  cyanogen,  on  the  addition  of  recently  precipi- 
tated cupric  carbonate.  If  the  addition  of  the  latter  stibslance  be  discontinued  before 
the  oxioe  of  cadmium  ia  completely  dlssolTcd,  there  renmina  a  laTender-blue  residue, 
which  diaaolvea  partially  fei  boiling  water  (leaving  pure  oxide  of  cadminm)  and  forms 
a  liquid,  which  »i>oa  btH-'omes  turbid  and  deposits  a  viscid  milky  siibstance,  becoming 
crj'atalline  as  it  cools,  and  apparently  coasisting  of  a  mixture  of  two  different  salta.  Bat 
if  the  addition  of  carbonate  of  copper  be  continued  till  the  eadmic  oxide  \a  complett-ly 
diivsolved,  a  Liquid  is  obtained  which  ia  colourless  at  in^t,  bnt  afterwards  a^unies  a 
jturple-red  colour,  gradually  in  the  cold,  more  quickly  at  20**  to  25^  C*.  and  after  being 
concentrated  at  lOt)^,  soon  deposits  crystals  of  a  dingy  brown -red  colour.  The  latter 
compound  is  spanoi^y  soLnble  io  cold  water.  From  the  eolation  in  a  small  quantity 
of  boiling  water,  it  seoormtea  in  the  form  of  a  red  tenadoos  mass,  whicii  gradually 
solidifies  to  a  net^wors  of  cr3rBtati ;  but  when  reciystallised  ftora.  a  lam  quantity'  of 
boiling  water,  it  forms  shining^  rose-oolonred,  oblique  rhombic  prisms,  wnieh  arc  per- 
manent in  the  air,  and  are  not  decomposed  at  150^,  but  at  higher  temperatures  become 
opaque,  fuse^  and  quickly  decompose.     (Schuler,  Ann.  Ch.  tbarm.  Ijcxxvii  48.) 

b,  2CdCy.CuCy  =  Cd'CuCy', — When  cadmic  hydrate  and  eupric  hydrate  are  dis- 
solved together  in  hydrocyanic  acid,  and  the  colonrleaa  solution  lyft  to  evaporate  in 
the  air,  colourless,  shining,  obliqut*,  rhombic  prisms  are  obtained,  which  at  14H)^  C. 
ffire  off  18*4  per  cent,  of  their  weight,  and  crumble  to  a  fine  mealy  powder.  Tlic  salt 
18  readily  decomposed  by  acids.  Both  this  and  the  preceding  have  a  decided  aikjiline 
reaction  and  a  peculiar  metallic  taste,  leaving  an  irritating  sensatioii  in  the  throat 
(Schiller). 

Cyanide  of  cadmium  forms  Beveral  other  double  aalta: 

The  ftrrou^  if  ait  is  a  yellow  i>redpitate,  obtained  by  mixing  ferrotis  sulphate  with 
cyanide  of  cadmium  ana  potasfiium.  It  turns  green  when  exposed  to  the  air.  The 
Itad-salt,  CdPb'Cy*  »  CdCy.2PbCy,  is  a  white  precipitate,  obt^iincd  in  like  manner 
with  acetate  of  lead  and  the  potftsaiuia-salt*  It  is  decomposed  by  washing.  The 
tnercuru-galt,  2Cd€.y.3H^"Cy^  obtained  by  dissolving  cadmic  hydrate  and  nierctiric 
oxide  in  hydrocj'anic  acid,  forms  white,  opaque,  rectangular  prisma,  easily  soluble  in 
water  and  permanent  in  the  air  (Scbiiler),  The  nickd-i/alt  is  a  white  precipitate, 
soluble  in  exceits  of  cyanide  of  cadmium  and  potassium,  insoluble  in  bcuIb.  The 
potasttvmsaitt  CdKCV*,  is  obtained  m  shining  regular  octahedrons,  anhydrous  and 
permanent  in  the  aiTi  by  evaporating  a  mixture  of  acetiite  of  cadmium  and  cyanide  of 
potasaiiun.  Weak  acids  separate  pruasie  add  fifom  it,  Sulpbydric  acid  precipitates 
ail  the  cadmium.  The  ttiltftr-sali  is  a  white  precipitate,  likewise  soluble  in  saatem  of 
cyanide  of  cadmium  and  potassium^ 

CTAJmiB  or  CJkXaClWtSt  Obtained  in  aqueous  solutioD  by  saturating 
aqueous  prussic  acid  with  slaked  lime,  filtering,  and  adding  more  prussic  acid  to  the 
filtrate  till  it  no  longer  precipitates  magnesium-salts.  It  is  decomposed  by  boiling, 
also  by  carbonic  a<*id,  C.  Schtik  prepares  it  in  the  same  manner  aa  the  barium-salt^ 
and  finds  that  it  cr)'srallis<^«  ui  cubes. 

CTAJTIHB  or  caKTOBC  Cyanide  of  potassium  forms  with  cenms  saltsi,  a 
white  gumoiy  precipitjite,  which,  however,  quickly  gives  off  hydrocyanic  add,  and  ii 
ConTcrted  into  cerous  hydrate,     (Berenger,  Ann.  CL  Pharm.  xlii.  139.) 

CTAMtS^m  or  Cl!irr&.    CH^.Cy.     (SeoL  840.) 

CTAVSkSS  or  CMMOmxuws*  ChromouM  Cyanide^  CrCy,  is  obtained  on 
mixing  a  solution  of  chromous  chloride  in  boiled  water  with  a  solution  of  cyamde  of 
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potassium,  as  a  white  precipitate,  soluble  in  excess  of  the  alkaline  cyanide ;  but  it 
oxidises  yery  quicklj  during  washing,  and  is  converted  into  a  mixture  of  chromic 
ejanide  and  chiomie  oxide. 

Chromic  Cyanide,  Cr^Cy*,  is  precipitated  on  mixing  a  chromic  salt  with  cyanide 
of  potassiuuL  If  an  aqueous  solution  of  chromic  chloride  be  added  to  a  solution  of 
<nranide  of  potassium,  a  light  bluish  grey  precipitate  is  formed,  insoluble  in  excess  of 
the  alkaline  (^anide ;  but  when  the  latter  is  added,  drop  by  drop,  to  a  solution  of 
chromic  chloride,  the  first  portions  of  the  precipitate  redissolve  in  excess  of  the 
chromic  salt ;  an  excess  of  cyanide  of  potassium  renders  the  precipitate  persistent  in 
tiie  cold,  but  soluble  on  heating ;  and  to  render  the  precipitate  quite  permanent,  a  still 
larger  quantity  of  cyanide  of  potassium  must  be  added. 

When  a  mixture  of  chromic  hydrate,  potash,  and  hydrocyanic  acid  is  exposed  to  the 
air,  it  turns  brown  and  yields  crystals  of  a  double  cyanide  of  chromium  and  potassium, 
analogous  in  com^ition  to  ferricyanide  of  potassium,  and  capable  of  forming  by 
doable  decomposition  salts  of  corresponding  constitution,  called  chromicyanides. 

Chromicyanide  of  Cobalt  is  a  blue  precipitate. 

Chrcmicyanide  of  Hydrogen^  or  Hydrochromicyanic  acid^  3HCy.Cr*Cy*,  is  obtained 
in  crystals  b^  decomposing  the  silver-salt  suspended  in  water  with  sulphydric  acid, 
and  evaporating  the  filtrate  in  vacuo. 

ChroTfucyaniie  of  Letui  is  a  white  precipitate  while  moist,  greyish  when  dry. 

Chromicyanide  of  PotasnuMj  SKCy.Cr^Cy*,  forms  cryst^ils  isomorphous  with  the 
ferricyanide,  and  exhibiting  the  faces  ooP  .  f  P.  —  P  .  [Poo].  The  solution  gives 
a  white  precipitate  with  zinc-*alU^  brick-red  with  ferrous  salts,  white  with  nitrate  of 
silver  ;  it  does  not  precipitate  nitrate  of  lead  or  ferric  salts. 


CTiUnDB  OT  CZVVAMYX.     C^H'NO  =  C»H'O.Cy  (i  990). 

CTAVZBBS  or  COBAZiT.  Protocyanide  of  Cobalt^  or  Cobaltous 
Cyanide,  is  obtained  by  adding  cyanide  of  potassium  to  a  cobaltous  salt,  as  a  flesh- 
eoloored  or  light  cinnamon-coloured  precipitate.  It  dissolves  in  excess  of  the  alkaline 
cyanide ;  and  the  solution  exposed  to  the  air  is  converted  into  a  double  cyanide  of 
cobalt  and  potassium,  analogous  in  composition  to  the  ferricyanides,  and  yielding  by 
double  decomposition  a  series  of  salts  called  Cobalti cyanides,  whose  composition 

is  expressed  by  the  general  formula  SMCy.Co'Cy*  «  .^,y«  5  Cy«;  if  we  suppose  these 

salts  to  contain  cobalticum,  co  »  }  Co,  the  formula  may  be  reduced  to  MCy.coCy  ib 
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The  Sesquieyanide  of  Cobalt,  supposed  to  exist  in  these  salts,  is  not  known  in  the 
separate  state. 

Cobalticyanide  of  Ammonium,  (NH«)*Co*(>^  +  i  aq.  =  3NH*Cy.Co*Cy  +  J  aq,, 
obtained  by  neutralising  hydrocobalticyanic  acid  with  ammonia,  crystallises  in  rhombic 
tablets,  very  soluble  in  water,  sparingly  soluble  in  alcohol,  and  decomposing  at  230°  C. 

Cobalticyanide  of  Barium,  Ba*Co*Cy*  +12  aq.,  obtained  by  dissolving  carbonate  of 
barium  in  hydrocobalticyanic  acid,  crystallises  in  colourless  prisms,  very  soluble  in 
water,  insoluble  in  alcohol,  efflorescing  in  warm  air,  and  more  quickly  at  100°  C. 

Cobalticyanide  of  Cadmium  is  obtained  as  a  brown  precipitate,  which  after- 
wards turns  white.    It  is  soluble  in  acids  and  in  excess  of  cobalticyanide  of  potassium. 

Cobalticyanide  of  Cobalt,  Co*Cy«  -  3CoCy.Co«Cy*,  or^lCy*,  analogous  in 
composition  to  TumbulTs  blue  (see  Cyanides  of  Ibon),  is  prepared  as  follows : 

1.  Cobaltimnide  of  potassium  forms  with  sidphate  of  cobalt,  a  light  red  precipitate, 
which  may  be  completely  freed  from  the  potassium-salt  by  washing.  The  same 
precipitate  is  formed  by  adding  hydrocobalticyanic  acid  to  cobalt-salts.— 2.  When 
hydrocobalticyanic  acid  in  the  dry  state  is  heated  with  strong  sulphuric  acid,  and 
water  added  before  the  decomposition  is  complete  (vid.  infX  cobalticyanide  of  cobalt  is 
precipitated  in  the  form  of  a  pale  red  amorphous  body.  The  product  obtained  by  (1) 
contains  7  at  water,  part  of  which  it  loses  at  100°  C,  turning  blue  at  the  same  time, 
and  the  rest  at  a  higher  temperature.  The  product  obtained  bv  (2)  contains  only 
6  at  water ;  when  heated  it  gives  off  water,  and  turns  blue.  Cobalticyanide  of  cobalt 
is  perfectly  insoluble  in  water.  Caustic  potash  decomposes  it,  separating  hydrated 
protoxide  of  cobalt  Ammonia  dissolves  it  partially,  forming  a  reddish  solution,  and 
separating  a  green  powder.  Mercuric  oxide  nas  no  action  upon  it  The  product  (2) 
n-hists  the  action  even  of  strong  nitric  and  hydrochloric  acids;  from  (1),  however, 
strong  acids  extract  water  and  turn  it  blue.  The  anhydrous  compound  has  a  deep 
blue  colour ;  in  contact  with  moist  air,  it  rapidly  absorbs  water  ana  turns  red ;  when 
water  is  ponred  upon  it^  ^mbination  takes  place,  attended  with  great  evolution  of 
(Zwenger,  / 


hmL    (Zwenger,  Ann.  Ch.  Pharm.  Ixii  172.) 
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Cobaltiet/anid«  0/  Copper^  SCuCy.Co'Cy*. — ^The  dense  eky-blufl  precipitiito 
whicli  eobulticyatiide  of  potoflaium  forma  witli  eupric  ealts  (G  m  elin).  It  ia  also  formed 
by  prcci  pi  luting  cupric  raits  irith  hydrocobalticjaiiic  acid.  It  is  inBoluble  in  water 
and  in  acids  ;  warm  potash-lej  separates  capric  oxide  from  it ;  ammonia  dissolves  it 
completely,  forming  a  blue  ftolution.     (Zwonger,  Ann*  Cli.  Pharm,  Irii.  170,) 

Ammonij>'€4)baIticyanidi!  of  Copper,  2NH'.Cii*Co*Cy*,^Crystalli8e»  by  slow  eTaponi- 
tion  from  the  ammonincal  solution  of  cobalticyanide  of  copper,  in  email,  whining,  txtnta- 
colouped^  four-sidi^  priami,  with  octagonal  summits  j  aJcohol  addni  to  the  ammo- 
niacal  iioltitioti  thixiws  down  the  compound  as  a  blue,  slightly  crystaUiae  powder  of 
much  lighter  coloor.  The  crystala  are  inBolublo  in  water ;  when  cxpoBcd  to  th^  air  or 
heated  to  100*^  C.  thoy  giTe  0IT  ammonia,  li«;ome  opaque,  and  aaaume  a  lighter  colour. 
Acids  withdraw  the  ammonia  completely,  leaving  cobalticyanide  of  copper  in  the  form 
of  a  li^ht  blue  powd**r.  When  the  compound  is  heated  with  potftsh^  ammonia  is  given 
oS^  cupric  oxide  Beparated^  and  cobalticyanide  of  potas.sium  left  in  sol  ution.  (Z  w  e  n  g  c  r, 
he,  eii.) 

Cobalticyanide  of  Hydrogen^  or  Eydroeohalticyanie  acid,  H'Co'Cy^« 
3lICy.Co*CV. — Obtained  ( 1. )  by  pa.«isizigfulphiii«f ted  hydrogen  through  water  in  which 
cobtifticyamdeof  lead  [or  of  copper]  is  difiused^  than ifilteriug  and  evaporating  to  the  crys- 
talline point.— 2.  By  decomposing  the  conccntratad  aqueous  solutioa  of  cobalticyanide 
of  pot4is8ium.with  a  alight  excess  of  sulphuric  or  nitric  afiid,  adding  absolute  alcohol^  and 
rocrystAllising  the  mass  which  remains  after  evaporation,  Crystalliaea  in  deLLqiif*«c<5nt^ 
ci:»lonrleB«,  transparent  neediest  having  a  sfst^ngly  acid  taste.  When  heated  above 
100^  0,  it  first  gives  oif  water,  then  hydrocyanic  acid^  hydrocyanato  of  ammonia,  and 
carbonate  of  ammonia,  and  at  2fi0*^  C.  leaves  a  blue  powder,  which  at  a  higher  tempera* 
ture  is  converted  into  black  carbide  of  cobalts  The  aqueous  solution  sufFera  scarcely 
any  decomposition  by  boihng.  This  acid  decomposes  carbonates  and  dissolves  iron  and 
line,  with  cTolution  of  hydrogen.  It  dissolves  in  alcohol,  but  is  insoluble  in  anhydrouj? 
ether ;  it  is  not  decomposed  by  hydrochloric  acid,  fuming  nitric  acid^  or  aqua-regia. 
When  hcat-ed  with  oil  of  vitriol,  it  is  resolved  into  carbonic  oxide,  carbonic  aDhydridc, 
snlphm^ous  anhydride,  sulphate  of  ftmmomum,  and  salphato  of  cobalt ;  the  a^^ldition 
of  water  before  compiete  decomposition^  gives  rie&  to  the  separation  of  red  cobalti' 
cyanide  of  cobalt,  which,  when  heated,  gives  oft'  water  and  turns  blue,  (Zwenger, 
Ann.  Ch,  Pharm.  brii,  147*) 

Cobalticyanide  of  Iro^  (ferrosum)  is  a  white  precipitate  obtained  with  ferrous 
»ulf>hate  and  cobalticyanide  of  potassium.  Ferric  euts  giTe  no  precipitate  with  the 
latter.     (Zwenger*) 

Cohahicyanide  of  Lead,  Pb'Co'Cy*  +  2  aq,,  obtained  by  decomposing  carl«3natfl 
of  lead  with  hydrocobalti cyanic  acid,  crystallises  in  nacreous  scales^  veiy  soluble  in 
water,  insoluble  in  alcohol  Ammonia  added  to  the  aq^ueous  solution  throws  down 
a  basic  salt,  2Pb'Co=Cy*.PbH0.3Pb^.    (Z  we  n g  or.) 

Cobalticyanide  of  Manganese  is  a  white  precipitate. 

Cobalticyanide  of  Mcrcurosum  is  a  white  precipitate,  Mffreurto  salts  are 
not  precipitated  \j  cobalticyiinide  of  potassium. 

Ctibaitioyanide  of  Nickel,  Ki'Ck)=Cy*. — Cobalticyanid e  of  potassiuTO  forms  with 
sulphate  of  nickel,  a  flaky  precipitate  of  a  light  sky-blue  colour  (Gmeliu),  li^ht-grf  f?n 
(F*  and  E.  Rodgers),  The  precipitate  is  not  attacked  by  boiling  hydj\)chluric  acid 
(Liebig). — According  to  Zwenger,  tho  precipitate  obtained  by  adding  cobalticyanide 
of  potajssium  to  nickel*salts  always  contains  cobalticyanide  of  potasaiumj  which  cannot 
be  removed  by  washing.  To  obtain  cobalticyanide  of  nickel  in  a  state  of  purity,  it  is 
neeessaiy  to  precipitate  a  nickel-salt  ^ith  excess  of  hydrocobalticyanic  add*  The  pre- 
cipitate thus  obtained  is  gelatinous,  of  a  light  blue  colour,  and  when  exposed  to  the 
air»  dries  up  to  a  transparent,  greenish -bine,  vitreous  mass^  exhibiting  a  eonehoidal 
fracture.  It  iB  porfectlv  insoluble  in  water  and  in  acids.  Pofcaah-lev  deeomposes  it, 
separating  hydnited  oxido  of  nickel,  but  ammonia  dissolves  it  compiotely.  Dried  at 
100°  C,  it  contains  6  at.  water.  At  a  higher  temperature,  it  gives  off  its  water  and 
turns  g^y ;  but  the  anhydrous  compound,  when  exposed  to  tho  air,  quickly  abf^nrbs 
a  quantity  of  water  equal  to  that  which  it  has  lost,  and  resumes  its  originsl  colour, 
(Zwenger,  Ann.  Ch.  Pharm.  Ixii.  173.) 

Ammtnut>*cf>btjlticf/anidt' of  Nickel.  2NH',Ni'Cb*Cy*  +  Jaq. — Recently  precipitAtcd 
cobalticyanide  of  nickel  dissolves  readily  in  ammonia,  forming  a  bluish  solution,  which, 
when  slowly  evaporated,  deposits  the  ammonia-compound  in  blninh  crystalline  scales. 
The  compound  may  also  be  precipitated  from  tho  ammouiaeal  aolutian  by  alcohol ;  the 

fjrccipitate  is  white  at  first,  but  when  allowed  to  settle  down  quietly,  it  aesumes  a 
»luish  colour.  The  precipitate  is  amorphous,  and  inHolublo  in  water.  Acids  withdraw 
the  ammonia,  and  leave  cobalticyanide  of  nickel  in  the  form  of  a  light  blue  powder. 
This  compound  nudergoes  no  alteration  when  heated  in  the  air  to  10(J<^  C. ;  at  a  higher 
temperature  it  takes  fire,  and  bums  away  with  strong  intumescence.  (Zwenger,  he. 
cit.) 
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Cohaltieyanids  of  Pot  as  8  turn,  K«Co*Cy«  =  3KCy.Co«Cy«.— Obtained :  1.  By 
treatiiig  protocyanide  of  cobalt  with  aqueous  cyanide  of  potassium,  or  by  gently  heating 
carbonate  of  cobalt  with  potash  and  hydrocyanic  acid.  If  the  action  takes  place  in  a 
dose  Teasel,  it  is  attended  with  evolution  of  hydrogen  (Gmelin) : 

4KCy  +  2Co(^  +  H«0   «  K«Co«Cy  +  KHO  +  H 
C6«0  +  3KH0  +  6HCy«  K«Co«Cy«  +  4H«0  +  H; 

in  contact  with  the  air,  howeyer,  no  evolution  of  hydrogen  takes  place,  but  oxygen  is 
absorbed.  The  product  is  purified  by  recrystallisation.  If  the  crystals  are  contami- 
nated with  cyanide  or  carbonate  of  potassium,  these  salts  must  be  decomposed  with 
aoetie  acid,  and  the  solution  precipitated  by  alcoboL 

Cobalticyanide  of  potassium  forms  anhydrous  flattened  prisms,  transparent,  slightly 
yellow,  and  isomoipnous  with  ferrocyanide  of  potassium.  Ordinazy  combination 
+  P .  —  P .  ooPoo  .  [  »PooJ,  the  face  —  P  sometimes  predominating  over  +  P.  Twin 
erystals  likewise  occur.  The  salt  is  yeiy  soluble  in  water,  insoluble  in  alcohoL  When 
heated  it  melts  to  a  daik  olive-green  mass,  and  if  not  in  contact  with  the  air,  eives  off 
nitrogen  and  cyanogen,  ultimately  leaving  cyanide  of  potassium  and  carbide  of  cobalt. 
Snlphurie  or  nitric  acid,  added  in  excess  to  a  strong  solution  of  the  salt,  throws  down 
eobalticyanide  of  hydro^.  The  dry  salt  heated  with  strong  sulphuric  acid,  is  com- 
pletely decomposed,  giving  off  a  mixture  of  carbonic  oxide  and  carbonic  anhydride, 
and  leaving  sulphate  of  cobalt  mixed  with  sulphate  of  ammonium. 

Cobalticyanide  of  8ilv^,  Ag*Co'Cy« « 3AgCy.Co*Cy*,  obtained  by  preci- 
pitating nitn^  of  silver  with  cobalticyanide  of  potassium,  is  a  white  curdy  mass,  anhy- 
drooa,  insoluble  in  water  and  in  acids,  not  altered  by  light 

It  dissolves  in  ammonia,  and  the  solution  yields  by  evaporation  colourless  prisms  of 
mmmamo-oobaliicyanide  of  silver^  NH".AgH)o*Cy*  +  J  aq.,  or  cobalticyanide  of  silver 


and 


argentammonium,  CoKJy*  |^^2a|^§|  +  4*^' 


Cobalticyanide  of  Sodium,  NaK/O^Cy*  +  2aq.,  prepared  by  saturating  hydro- 
cobalticyanie  acid  with  carbonate  of  sodium,  forms  colourless  transparent  neecues,  very 
soluble  m  boiling  water. 

Cobalticyanide  of  Tin  {etannous)^  is  a  white  precipitate. 

Cobalticyanide  of  Zinc  is  a  white  precipitate. 

OTJLKTDWB  OV  COPVBX*  Cyanogen  unites  with  copper  in  three  different 
proportions,  forming  the  cupric,  cuprous,  and  cuproso-cupric  cyanides,  the  last  of  whidi 
may  be  regarded  as  a  compound  of  the  other  two. 

Pbotoctanidb  op  Coppbb  or  Cupbic  Cyanide,  CuCy,  is  known  only  in 
the  hydrated  state,  and  is  obtained  as  a  brown-yeUow  precipitate  by  adding  cyanide 
of  potassium,  not  in  excess,  to  cold  solutions  of  cupric  salts  (Scheele),  or  hydrocyanic 
add  to  solution  of  cupric  acetate  (Pagenstecncr).  It  is  veiy  imstable,  decom- 
posing spontaneously,  even  at  ordinary  temperatures,  into  cyanogen  and  hydrated 
cuproso-cupric  cyanide ;  hence  its  properties  are  but  little  known. 

According  to  Buignet  (J.  Pharm.  [3]  xxxv.  168),  cupric  cyanide  is  produced  only 
when  cupric  sulphate  is  added  to  excess  of  cyanide  of  potassium,  as  a  yellow-green 
precipitate  which  subsequently  redissolvos ;  if,  on  the  contrary,  the  cyanide  of  potas- 
sium is  added  to  excess  of  the  cupric  salt,  cyanogen  is  evolved  and  cuprous  cyanide  is 
formed. 

Cuprioo-cyanide  of  Potassium,  KCy.CuCy,  separates  on  evaporation  from  the  above- 
mentioned  solution  of  cupric  cyanide  in  cyanide  of  potassium,  in  rhombohedral  crystals. 
It  di»olvee  in  |  of  its  weight  of  water  at  16°  C,  and  in  J  pt  at  the  boiling  heat.  The 
saturated  solution  boils  at  about  120^.  The  solution,  which  is  colourless,  is  pre- 
cipitated by  fixed  alksJis  and  coloured  by  ammonia  (Buignet). 

Hbmxotanidb  of  Coppbb,  or  Cupbotjs  Cyanidb,  Cu'Cy,  or  CcuCy. 
Dieyanide  of  Copper, — ^This  compound  is  obtained  in  the  form  of  a  white  hydrated 
powder  by  adding  cyanide  of  potassium  or  hydrocyanic  acid  to  a  solution  of  hemi- 
chloride  of  copper  in  hydrochloric  acid,  or  to  a  solution  of  cupric  sulphate  mixed 
with  sulphurous  acid.  The  precipitate  is  soluble  in  aqueous  ammonia,  dilute  adds, 
and  alkaline  cyanides.  It  melts  when  heated,  giving  off  water,  and  leaving  a  light 
brown-red  tumefied  mass. 

Cuprous  cyanide  may  be  obtained  in  anhydrous  crystals,  possessing  considerable 
lustre,  by  suspendinff  in  water  the  compound  of  cuprous  cyanide  and  cyanide  of  lead, 
and  passing  sulphySric  add  gas  into  the  liauid,  taking  care  to  avoid  an  excess. 
Hydrocuprocyanic  acid  (cyanide  of  cuprosum  and  hydrogen)  appears  then  to  be  formed, 
and  if  the  filtered  liquid  be  left  to  evaporate  spontaneously,  it  gives  off  hydrocyanic 
add  and  deposits  cuprous  cyanide  ("Wohler,  Ann.  Ch.  Pharm.  Ixxviii.  370). — Accord- 
ing to  l>aaber  {ibid,  body.  216),  the  crystals  belong  to  the  monoclinic  system,  the 
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dcaninaiit  ttem  being  coP  .  »Paa  .  oP»  Indiiuition  of  ooP  :  woP  m  the  plane  of  the 
idinodiagoiial  and  principiil  axis  =  68*='  32'  j  oP  :  «P  =  70*^  16' ;  oP  :  qoPod  » 
£3^  10.  Ratio  of  orthodLigoiud  to  clinodkgODal  »  0'£4S3  :  1.  CHea&Tage  peffect^ 
parallel  to  oF, 

CtiprouB  cyanide  uoitcs  with  the  cyamded  of  the  alkali-metak,  fonning  coloiiHess 
Bults,  irhieb  may  be  called  cuproao-cjiinides,  from  which  adds,  added  to  tlieir 
Bolu^ons,  precipitate  cuptotis  cjauide  in  thick  white  flakee  with  erolndoii  of  hydro- 
cyanic acid, 

Citprcxoci/anide  of  Ammonium^  NH^CuKJy*,  op  KH*Cy.  CciiCy » — ^If  in  the  pwi- 
paration  of  duunmoniacal  cnproso'Caprie  cyanide  (p.  209),  the  pa&Bagc  of  the  gas  ba 
continued  after  the  needles  of  the  green  cyanide  hare  fomted,  theae  crystals  first  re- 
dissolre,  aft-er  which  Uie  liquid  gradually  loses  ita  colour.  When  concentrated  and  left 
to  cool  slowly,  it  deposits  beautiful^  colourless,  prismatic  needles  of  CBprosocyaiiide 
of  ammonium.  This  salt  is  but  sparingly  soluble  in  water,  and  decomposes  when 
continuously  boiled  therein.  At  10 OP  C,  it  gives  off  cyanide  of  anxmoiumiii,  and  at  a 
temperature  a  little  above^  is  rapidly  converted  into  cnprooa  cyanide.  (DufaUi  Compt. 
rend.  xxxvL  1099.) 

Cuproaoc^anide  of  Barium. — ^Wlien  aqueous  hydrocyanic  add  is  poured  upon  a 
mixture  of  carbonate  of  copper  and  hydrate  of  barium^  the  whole  dissolves  with  brisk 
efiTervescence,  forming  a  crimiKJU  solution,  which  leases  a  colourleas  residue  when 
er&pomted.  Water  poured  upon  the  residue  dis«oh'e«  out  the  coloufless  double  cyanide, 
learing  a  residue  of  carbonate  of  burium.     (M  e  i  1 1  et,) 

Cupro^ocyanide  of  BismutK  —  Cuprosocyanide  of  potajssiom  ct  (p.  210)  fonns, 
with  bismuth 'Salts,  a  ydlowisb^white  precipitate,  which  dissolvea  in  acids  with  cvolu* 
tioQ  of  hydrocyanic  acid*    (1 1 1  n  e  r*) 

Cuprosocyanide  of  Cadmium*  —  Cyanide  of  cadmium  and  potassium,  addtni  to 
solution  of  sulphate  of  copper,  throws  down  a  brownish-white  precipitate,  with  evolution 
of  cyanogen  gas.     ( R  a  m  m  e  1  s b  e  r g. ) 

Cuproiocyanide  of  Copper^  or  Ouproso-cupric  Cyanide^  Gn^Cy*  =  CuCy.CuK?y 

—  CcuC*^* — ^^^  brownish-yellow  by  drat  ed  cnpric  cyanide  precipitated  by  cjanide 

of  potiisaium  firom  cold  solutions  of  cupric  salts  (p.  207)  gradually  give©  oflF  cyanogen, 
and  is  converted  into  ctiproso-cupric  cyanide  (W  oh  1  e  r,  6  mel  i  n).  The  same  compound 
is  obtained  by  precipitii ting  a  cupric  salt  with  ciiprostocyanido  of  potassium  (Ram  m  els* 
berg).  When  washed  and  dried  at  ordinary  temperatures,  it  fonna  siakin-groen 
crystalline  grautiles,  or  transparent  prisms,  hairing  a  strong  lustre. 

According  to  Dufau  (^Compt.  rend,  ix^vi  1099),  cuprous  and  cnpric  cyanide  form 
two  cpiiipounds»  one  having  the  composition  just  given,  the  other  contuimng  2  at. 
cuprous  to  1  at  cupric  cyanide. 

a.  DuGsa  prepares  the  preceding  compound  by  paaainginto  a  tolerably  dilute  solution 
of  a  cupric  Kilt,  a  solution  equally  dilute  of  cyanide  of  fiotassium  or  hydrocyanic  acid, 
in  such  proportion  as  to  leave  a  considerable  quanti^of  the  copper^salt  undecomposod ; 
— or  by  passing  a  stream  of  hydrocyanic  acid  vapoor  into  water  in  which  cupric  oxide 
is  suapeuded.  The  precipitate  formed  is  yellow  at  first,  but  rapidly  becomes  greeJif 
and  gives  off  a  eou»iderflble  quantity  of  cyanogen*  The  green  precipitate,  which  haa 
a  crystalline  aspect,  contains  A  at*  water,  so  tliat  ita  fonnula  is  Cu*Cy*  +  J  aq. 
At  100^  C,  it  gives  off  water  without  deoompodng,  but  at  higher  t^mpenitures  it  gives 
off  cyanogun,  and  is  converted  into  ciiprons  cyanide.  Aeids  sepamte  white  cuprous 
cyanide  from  it^  producing  at  the  same  time  a  capric  salt,  and  eliminating  hydro- 
cyanic acid.  Caustic  potash  transforms  it  into  cuprocyanide  of  potassium  and  cupric 
oxide.  Ammonia  dissolves  it  very  easily,  forming  a  blueliqnid,  which,  by  B|KintaDeotia 
evaporation  deposits  beautiful  green  needles  of  diammoniacal  cuproso-cupric  cjanide 
(p*  209). — It  dissolves  very  n.uidily  in  aquwus  cyanide  of  potassium^  forming  a 
colourlsas  or  slightly  bluish  liquid,  which  soon  changea  to  a  crj'stalline  mass,  having  a 
nacreous  aspect,  and  consisting  of  cnproflocyanido  of  potassium ;  its  formation  ia  at* 
tended  with  evolution  of  cyanogen. 

h.   2Cu^Cy.€uCy  +  Jaq*  =  0^,^.1?  Cy*  +  J  aq.— When  a  cupric  salt  ia  precipitated 

by  a  moderately  concentrated  solution  of  cyanide  of  potassium  added  in  rafficient 
quantity  to  throw  down  nearly  all  the  ojpper,  an  amorphouB  powder  is  obtained  of  an 
olive-yellow  colour,  and  a  large  quantity  of  cyanogen  is  given  off:  the  precipitate  has 
the  composition  above  stated. — Botb  this  compcmnd  and  the  preceding  (a)  are  very 
instable,  sometimes  decorapoaing  spoutaneoualy,  sometimes  on  the  sUglitest  rise  of 
temperature,  and,  esp^ially  in  presence  of  a  large  excess  of  hydrocyanic  acid,  giving 
off  cyanogen,  and  leaving  cuproas  cyanide.     (Dufao.) 

Ammamacal  Cuproio-cupric  Cyanide,  NB**Cu^y.CaC?y.  -I-  J  aq.  -^^^f  Cy*-*-  W 
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— ^When  a  solution  of  cyanide  of  ammonium  is  mixed  with  a  cupric  salt,  a  consider- 
able quantity  of  inranogen  is  disengaged,  and  a  bluish-green  precipitate  is  formed 
eontaining  ammonia,  and  having  the  composition  just  stated.  —  Bluish  green  amor- 
phous powder,  slightly  soluble  in  cold  wat«r,  to  which  it  imparts  a  faint  blue  colour  ; 
when  boiled  in  water,  it  gives  off  ammonia  and  is  resolved  into  cuprocyanide  of  am- 
monium,  which  remains  in  solution,  and  cuprous  cyanide,  which  is  precipitated. — The 
cuprous  cyanide  obtained  in  this  and  in  certain  similar  reactions  has  more  or  less 
of  a  brown  colour,  but  is  identical  in  composition  with  the  white  cyanide.  The  com- 
pound is  permanent  in  the  air  at  ordinary  temperatures,  but  gives  off  water  and 
anmonia  at  lOO^C. ;  a  heat  somewhat  greater  converts  it  rapidly  into  cuprous  cyanide. 
(Dufau.) 

DiammorUacal  Cuproso-cupric  Cyanide,  2NH».Cu«Cy.CuCy.=^^^lCy«.— 1.  The 

preceding  compound  dissolves  readily  in  ammonia,  forming  a  sky-blue  liquid,  which  by 
spontaneous  eTaporation  deposits  beautiful  green  needles,  having  the  composition  just 
stated. — 2.  A  more  convenient  method  of  obtaining  this  compound  is  to  pass  a  stream  of 
hydrocyanic  acid  vapour  into  ammonia  containing  cupric  oxide  in  suspension.  The  oxide 
of  copper  dissolves  at  first  under  the  influence  of  the  hydrocyanic  acid ;  but,  after  a  while, 
small  brilliant  green  needles  appear  in  the  liquid,  and  increase  rapidly  in  quantity ;  the 
(Operation  is  then  to  be  stopped,  and  the  liquid  left  to  cool,  whereupon  it  deposits 
another  crop  of  the  green  needles. — 3.  This  salt  is  also  formed  by  dissolving  cuprous 
cyanide  in  ammonia.  The  solution  remains  colourless  if  protected  from  the  air,  but,  if 
oxygen  has  access  to  it,  in  ever  so  small  a  quantity,  it  rapidly  turns  blue,  and  when 
evaporated,  deposits  the  green  needles  of  the  diammoniacal  salt.  —  Diammoniacal 
euproflocupric  cyanide  forms  beautiful  green  prismatic  needles,  having  u  metallic 
lustre ;  it  is  unalterable  in  the  air,  insoluble  in  water,  and  exhibits  with  various 
reagents  the  same  actions  as  cuprosocupric  cyanide  and  the  monammoniacal  com- 
pound.    (Dufau.) 

Triamnumiaeal  Cuproso-cupric  Cyanide,  3NH».Cu»Cy.CuCy =^.^^J^^^  I  Cy«.— The 

diammoniacal  compound  dissolves  readily  in  warm  aqueous  ammonia ;  ana  if  the  am- 
monia be  constantly  kept  in  excess  by  passing  a  stream  of  ammoniacal  gas  into  the 
liquid,  the  solution,  when  afterwards  le^  to  cool,  deposits),  either  prismatic  needles  or 
ciystalline  plates  of  a  fine  blue  colour. — ^This  salt,  when  exposed  to  the  air,  gives  off 
ammonia  and  turns  green.  It  may  also  be  prepared  from  cuprosocupric  cyanide,  or 
the  monammoniacal  compound.    (Bufau.) 

NH«Cu  % 

Diammoniacal    J)ieuproi(heuprio    Cyanide,    2NH*.CuCy.2Cu«Cy=NH»Ccuf  Cy«.— 

Ccu) 
When  an  ammoniacal  solution  of  cupric  oxide  is  pwured  into  aqueous  hydrocyanic 
acid,  till  the  odour  of  ammonia  decidedly  predominates,  the  slightly  yellow  liquid 
then  heated  to  the  boiling  point,  the  heat  kept  up,  and  the  gradual  addition  of  the 
ammoniacal  copper-solution  continued  till  its  dark  blue  colour  no  longer  disappears, 
micaceous  crystalline  laminae  make  their  appearance  after  a  while.  If  the  liquid  be 
then  filtered,  it  yields,  on  cooling,  green  rectangular  laminae  of  remarkable  lustre. 
Ther  have  a  composition  denoted  by  the  preceding  formula  together  with  1  at.  water. 
On  heating  them  with  equal  volumes  of  solution  of  caustic  ammonia  and  carbonate  of 
ammonium  not  too  dilute,  a  blue  solution  \s  obtained,  which,  after  boiling  for  an  hour, 
deposits  shining  blue  laminsa  of  the  anhydroas  compound.  The  green  laminae  also 
torn  blue  when  treated  with  the' fixed  alkalis  or  their  carbonates,  even  in  the  cold. 

The  compound  is  quite  insoluble  in  cold  water,  and  is  decomposed  by  boiling  water, 
with  formation  of  a  brown  substance.  Dilute  acids  separate  from  it  white  cuprous 
cyanide,  which  ^Ussolves  on  boiling,  with  evolution  of  hydrocyanic  acid.  (Hilken- 
kamp,  Ann.  Ch.  Pharm.  xcviii  218.) 

Honthiers  ^J.  Pharm.  [3]  xi  257),  by  precipitating  cupric  sulphate  with  cyanide 
of  cuproenm  ana  ammonium,  obtained  a  yellow  precipitate,  to  which  he  assigned  the 
formula  NB^.CuCy.2Cu*CyM0. 

Cupro9oeyanide  of  Iron, — a.  Cuprosocyanide  of  potassium,  a,  forms,  with  ferric 
salts,  a  greenish  yellow  precipitate,  from  which  acids  dissolve  out  cuprous  cyanide,  leav- 
ing a  residue  of  protocyanide  of  iron  (I  ttncr).  The  precipitate  is  white,  but  turns 
yellow  when  exposed  to  the  air,  the  surface  becoming  yellowish  green  (Rammols- 
berg).  —  b,  Cuprosocyanide  of  potassium  c  forms  a  yellow  precipitate,  which  turns 
greenish  on  exposure  to  the  air  (Rammelsberg);  according  to  F.  &  £.  Hodgers, 
the  precipitate  la  white.  With  ferrous  sulphate  free  from  ferric  oxide,  no  precipitate  is 
formed  (Omelin).    For  the  other  double  cyanides  of  copper  and  iron,  see  Ctanidbs 
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Cuprosocyanidt  of  Lead. — a.  The  potajasium -stilt  forma,  with  lead-salt;),  a 
whitinh  g^Pfen  precipitate  (white,  according  to  RammelBborg),  which  diHsolv^s  in 
mncLt  with  eTolution  of  hydrocyanic  acid  (I  ttD  er).  —  b.  The  copper-salt  b  precipitates 
leud-eolts  io  fine*  white,  curdy  flakes.     (Gmeli©*) 

Cupros&cyanide  of  Ma  nqanes  e*— ^,  Cuprosocy  jm  ide  of  potasviam  a  form  a  wit  h 
mftnganouB  salts  a  yellowish  white  precipitate,  which  disikolTes  m  adds  with  evolutioa 
of  hydrcKTjramc  acid  (Itttier).^-6.  The  potaaaiam-aalt  c?  forms  a  white  precipitate 
with  manganoua  &alt«.     (Gmelin.) 

Cuprosocyanide  of  Poiastiuifu — Cuprotui  cyanido  forma  three  compounds 
with  cyanide  of  potaasiiam. 

a.  KCy.Ctt^Cy  —  --,     f  Cyl^-This  salt  was  diacoTered  by  Ittaer,  and  farther  inves- 

tigatcd  Ify  Leopold  GmoKn  and  RammclBb'erg. 

Frqyartition, — ^1.  Cnpric  hydrate  or  cuproso-cupnc  cyanide,  is  dissolyed  in  aqueoii» 
cyanide  of  potassium,  and  the  filtrate  eTaponitM  to  the  <iryst^lii}iiig  point  (IttoerK 
Monthii^rs  poors  excess  of  potash  on  hydrated  cnpric  oxide,  and  adtls  hytlrocyiinic 
acid  till  the  hydrate  is  dissolTed,  and  the  liquid  hccomea  quite  co1ourle«5.  To 
obtain  a  perfectly  white  salt,  he  avoids  the  application  of  heat, — 2.  Oaprous  cyanide 
is  precipitated  by  cyanide  of  potOififiinm  from  the  solution  of  cuprous  chloride  in  hydro* 
chloric  acid^  and  potasli  added  to  the  liquid  till  it  reddeua  turmeric,  then  hj'drocyanic 
icid  till  its  odour  becomes  permanent,  then  pot;ii«h  again,  and  bo  on  alternately ;  the 
residual  white  powder  ia  then  dissoh^etl  by  adding  a  large  qmmtity  of  wat-er  and 
boiling,  and  the  liquid  is  eTaporated  and  cooled.  The  salt  a  crystaUiaes  out  first,  after- 
ward!* the  more  Bolnble  salt  b  (GiDelin).— 3.  This  compound  may  also  bo  obtained 
by  adding  cyanide  of  potassium  to  tho  aqueonti  solution  of  acetate  of  copp-er  till  the 
precipitate  which  forma  at  first  is  rediissolveiL  The  Bolntion,  which  is  formed  with 
evolution  of  cyanogen,  asfinmes  at  first  a  purple-red  colour,  but  afterwards  on  further 
addition  of  cyanide  of  potassium  and  heating,  turna  yellow  (Eammelsberg).^ — The 
solution,  whether  prepared  according  to  1,  2,  or  3,  yields  on  eyaporatum  or  oooHngt 
first,  a  comparatively  ainall  quantity  of  the  cryBtallisetl  s^ilt  a,  and  then,  by  furthcT 
evjiporation  and  cotilinisj,  a  larger  quantity  of  the  cryst^^ls  c.     (Kammelsberg,) 

The  salt  forms  traneparent  monoclioic  ciystals,  exhibiting  the  faces  oP  .  -i-  2Pao  . 
—  2Paa  ,  ooP  ,  —  P»  [Pco  ].  The  crystals  are  often  much  elongated  in  the  direction 
of  the  orthodiagonal.  Inclination  of  anP  :  ooP  in  thecUnoniiagonal  section  :=  94^  30' ; 
oP  :  -P  =  13P  54' I  oP  :  ^2Pcc  «=  126^  13';  oP  r  [Pa3  ]  =  136**  46',  Inclina- 
tion of  dinodiagonal  to  principal  axis  ^77°  8'  (R  am  m  els  berg,  Pogg.  Ann.  cvi.  491). 
The  crystals  are  pale  yellow  according  to  Ittner  and  Omelinj  hut  colourless  according 
to  Bammebberg,  who  regards  tho  colouring  as  incidental;  also  according  to  Mcillet 
(J.  Phann.[!l]  iii,  443)  and  Monthiers  (i^iV/.  xi.  266).     Tjy^tc  bitter  and  metallic. 

The  crj'stitis,  when  heated,  give  off  a  small  quantity  of  wiiter  [priibably  only  hygro- 
scopic], become  white  and  opaque,  and  affcerwarda  fuse  to  a  transiwrent  liquid,  pale 
blue  by  transmitted  light,  but  having  fine  browu-red  particles  floating  in  it,  which 
impart  a  brown-red  colour  to  it  by  reflected  light ;  no  furtiier  decomposition  ensnes  at 
a  moderate  red  heat  (GmoUn).  Thoae  brown-red  particles,  which  separate  from 
the  originally  colourless  liquid,  consint  of  very  finely  divided  copper,  whence  also 
proceeds  the  blue  colour  which  the  liquid  afterwards  exhibits  by  transmitted  light 
(Rammeleberg).  Sidphuretted  hydrogen  passed  throngh  the  aqueous  solution, 
throws  down  but  a  small  quantity  of  copper,  even  after  a  long  time  (I  ttner,  Ram- 
melsberg).  Tho  strenger  acids  added  in  small  quantity  throw  down  white 
eaproua  cyanide  and  eliminate  hydrocyanic  acid  (Gmelin).  The  Siime  effect  is 
produced  by  the  salts  of  ferric  and  stannic  oxide,  cxcf'pting  that  the  hydrates  of  these 
oxides  are  at  the  sam**  time  precipitated  (Ittner).  Mercuric  salts  throw  down 
cuprie  [?  cnprous]  evanide,  with  formation  of  cyanide  of  mercury  and  a  potassium-salt^ 
Alkalis  have  no  action  on  this  coniftound  (Ittner.)  The  crystals  dissolve  sparingly 
in  water,  with  partial  sep:iration  of  cuprous  cyanide*  whereby  thoy  become  opaque, 
and  afterwards  crumble  to  a  white  powder.  The  solution  when  evaporated  first  yields 
ciyfftals  of  the  salt  a;  then  of  c  \  the  former  is  therefore  rendered  soluble  in  water 
only  through  tho  medium  of  the  latter.     (Bam  m  el  a  berg.) 

ITS    ) 

k  2KCy.3Cu*Cy  =  p,  ,[Cy*.— Formed  by  the  action  of  potash  on  cuprous  cyanide. 

(Bammelsborg,  Pogs,  Ann.  Ixiv.  65.) 

c.  3K0y.Cu'Cy»ap     f^J*-  —  Discovered  by  GmeJin,  more  minutely  examined  by 

Riimmeliiberg.  Prepared  in  the  same  manner  as  tho  salt  a.  In  some  eases»  the  salt  a 
crystallisi^  first  from  tho  liquid,  and  afterwards  tho  salt  A;  or,  if  the  quantity  of 
cyanide  of  potafisitim  present  be  considerable,  the  salt  b  crj'Htallises  out  alone.  Ac- 
cording to  Prince  Btigration  {J.  pr,  Chem.  xxx.  367),  copper  dissolves  in  aqueous 
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eyatisde  or  lienocjftmdo  of  potassium,  and  in  tliiis  reaction  tho  same  salt  w  produced 
logetlier  with  free  potash, 

Tbii  iftlt  forma  colourless,  transparent,  rhombic  pritinis,  truncated  oq  tlio  late  rid 
edges,  and  baTiog  ft-aided  suramitM  (GnieliD).  Permant'Dt  in  the  u.ir  (Rommel a* 
ha§)i  aoquires  a  bluish  whit^  tint  aller  long  keeping  (Gmelin).  The  crystals 
deervpifAte  when  heat«d,  and  iit  &  ti'mpcrature  much  li«low  rednesH  they  fuse  witboiit 
loos  tk  water,  and  form  a  liquid  wliich  is  likewise  blue  by  tramjuiitted,  and  brown -red 
by  reflated  light,  and  does  not  undurgo  any  further  decompOBition  at  a  raodt^nitc  red 
beat ;  on  cooling,  it  soUdifies  into  a  mufis  coloured  reddish  white  by  admixed  piirtidrti 
of  copper.  Small  quantities  of  the  stronger  acids  precipitate  euprous  cyanide  from 
thm  mmtixmf  and  liberate  hydrocyanic  acid  (Gmelin).  A  dnuhir  eSeet  ia  produced 
t^  §egnc  aalts,  a  precipitate  of  hydraled  ferric  oiJde  being,  howarer,  formed  at  the 
ome  time  (Hammelsberg).  Mereurous  nitrate  forma  a  green  precipitate  (Gmelin). 
The  salt  diasolTes  readOy  in  water,  and  its  worm  concentrated  solution  takes  up  a 
eonsderahle  quantity  of  the  salt  d,  bo  that,  as  it  cook,  crystals  of  a  separate  out 
(Baa&melsberg),  The  EKjlution  of  the  salt  e  forms  a  pale  yellow  precipitate  with 
evprie  salts  (Gmelin,  F.  &  £.  Eodgere}.    This  predpitata  should  bo  CuH!3y^  or 

This  salt  forms  colourless,  transparent,  raonoclinic  prisms,  exhibiting  'the  faces 
obP  .  oP  .  —  P  ,  [2Pao],  with  the  inclinations  coF  :  ooP  in  the  clinodiogonal  prin- 
cipal section  =  102°  32';  oP  :  »P  =  I02<=  10';  oP  :  ^P  ^  142°  69' j  oP ;  [2Pqo  J 
-  130O  67'. 

CuproMo^yanidg  of  Sodittm,— Formed  by  precipitating  the  solntion  of  the 
cstrcsponding  burium-salt  with  an  equiruleni  quantity  of  sulphate  of  sodium.  On 
craporafing  uie  filtrate,  it  remains  in  the  form  of  small  needles  permanent  in  the  air. 
(M eiUet»  J,  Pharm,  [3]  liL  413,) 

CmproMO'Cyanidc  of  UmnyL^-ThG  potaiaiuni-salt  e  added  to  uranic  cMorido 
tbfows  down  a  pale  yellow  powder,    (Om  e  li  n.) 

Cu^roMo-eyanide  of  Zinc. — The  potassium-salt  a  forma  with  zinc-salts  a  white 
precipitate,  which  dissohes  in  acids  with  separation  of  prusaic  acid  (Ittner),  Tbo 
potassium^salt  c  forms  curdy  white  flakes,     (G  m  e  1  i  n. ) 

eYAWTSB  Oy  CtmSBarrX,,     See  Gumoiotrilb  (p,  283). 

CYAarxss  or  STBTA.  Propionitrile^  Metacctonitrile,  Hi/drocyanic  eiher^ 
C*ii*N  =^  t~li^Cy. — Thia  compound  was  discovered  by  Peloiize  in  1834  (Ann.  Ch* 
Pharm.  x.  249  X  further  exam  in  td  byPrankland  and  Kolbe  (ibid.  Ixv,  269,  288; 
CbeOL  doc,  Mem.  iii.  386  ;  Chem,  Soc,  Qu.  J,  i,  60),  aud  by  Diimas,  Malaguti  and 
LeblmnCt  Ado.  Ch,  Pharm.  Ixxiv.  329),  It  is  obtained;  1.  By  distilling  cyanide  of 
ptttmmima  with  ethylsulpbate  of  potassium  or  barium,  the  diBtillate  beiag  purified  by 
wtablllig  with  water,  drring  orer  chloride  of  calcium,  and  rectification ;  but  the  pre- 
paiatioii  by  this  method  is  attended  with  the  eyolution  of  an  iniolcmble  odour,  arising 
from,  a  small  quantity  of  a  cyanogen -compound  not  yet  examined,  and  the  purification 
is  very  diflELcult.-^ 2.  By  distilling  pulverisfid  cyanide  of  potaBsinoi  with  oxalate  of 
ethyl  (Lowig). —  3.  By  diJidlling  cyanide  of  potassium  with  iodide  of  ethyl  mixed  with 
four  times  its  Tolume  of  alcohol,  the  condensing  apparutua  being  so  arranged  that  the 
difttilled  liquid  may  continually  run  back  again,  tiU,  on  being  tptited.  it  sliowe  no  trace 
qI  iodine  ;  the  contents  of  the  retort  are  then  AistUled  to  dryness  (Williamson,  Phih 
Msg.  [4]  Ti  205).  According  to  Buck  ton  and  Hofmann  (Chem,  Soc.  Qu.  J.  is.  260), 
the  cyanide  of  ethyl  thus  obtained  contains  a  considerable  quantity  of  alcohol,  from 
wbieb  it  eaxmot  be  freed  by  fractional  distillation  ;  and  to  obtain  it  pure  it  must  first  l>o 
ODOTOtsd  tuto  propionate  of  potassium  by  the  action  of  caustic  potash  (tfid.  f>i/.),  this 
salt  frsed  irom  alcohol  by  distillation,  then  converted  into  propionic  ether  (by  heating 
it  vfth  aloobol  and  sulphuric  acid), — the  ether  converted  into  propiouamide  (N,H^.<J'H*0 
«  CH'NO)  by  the  action  of  ammonia  under  prt^asiire, — and  the  propionamide  into 
Mvpianitnle  (cyanide  of  ethyl)  by  the  action  of  phosphoric  anhydride.  Buckton  and 
Hsanaxui,  howeyer,  regarded  tfus  as  the  best  method  of  obtaining  pure  cyanide  of  ethyL 

cyanide  of  ethyl  is  a  colourless  liquid,  of  specific  gmvity  078  (Pelouze),  07889  at 
12-60  c.  (Franklend  and  Kolbe).  It  boils  at  82^  C.  (Pelouiie),  at  88^  (Frank- 
tstid  and  Kolbe).  It  has  a  strong  alliseeous  odour,  and  is  very  poisonous  (Pelonse). 
It  is  very  soluble  in  water  (Pelon^e),  moderately  soluble,  but  separates  on  the 
rndditiotk  oieommoD.  salt  (Franklaud  and  Kolbe).    It  mixes  in  all  proportions  with 

C'    *^  ■  and  etbcf. 
lids  of  ethyl  cobobated  with  aqueoiu  poiaah  is  converted  into  propionate  of 
UBif  with  oTolution  of  ammonia : 


CTI*N  +  KHO  +  HH)  =  C^H-'KO'  +  Nm 
f2 
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A  limOar  decomposition  ia  pn>dneed  hj  dituie  sulphnnc  add  (I  pt  itrong  add  to  3 
pttf.  water )^  the  proilucts  being  propionic  acid  and  sulpbate  of  tunmooium : 

2C'H>N  +  H'SO*  +  AWO  -  2CH*0'  +  (NH*)».SOV 

According  to  E.  Meyer  (J.  pr,  Chem.  Ixrii  147),  snlphate  of  ethybuniue  is  like  vim 
formed.  Heated  yd\h  fuming  stdphurw  acid^  it  yields  disnlphetliolic  acid,  (7H*S*0** 
tog(»ther  witli  add  ralphate  of  aimnoniimi  and  carbonic  anhydride  (B nekton  and 
Hofmann  (Cham.  See  Qn.  J.  ix.  2d0): 

C»H»N  +  3H\S0*  ^  C'H'S'-O-  +  NH*.H:S0*  +  COV 

Cyanide  of  fthyl,  treated  with  potaseium  at  ordinary  t«mperatiipes^  is  partly  decom- 
poaad,  yielding  cyamd©  of  pot^asisiiim  and  fiydride  of  ethyls  and  partly  polynieriaed  into 
i^faiiethine,  C'il^N*  (Franklandand  Kolbe).  The  formation  of  bydnde  of  ethyl  in 
tLia  reaction  mu«t  be  dne,  either  to  the  presence  of  wat<?r  or  alcohol  in  the  cyanide  of 
ethyl,  or  to  the  resolution  of  the  liberated  etliyl  into  hytlride  of  ethyl  and  ethylejia 

Cj/aniih  of  Ethvl  and  fly«er.— Wlien  iodide  of  ethyl  and  cyanide  of  silver  in 
equiralent  qnantities  are  healed  top^tber  to  100^  C.  in  a  itealcd  glass  tnbe,  this  com- 
pound is  obtained  as  a  riscid  oQ^  vhich  solidifies  in  the  cjystaUine  state  on  cooling.  It 
ts  also  obtained  in  fine  shimng  ciystals  on  heating  to  100*^  C.  a  mixtnre  of  iodide  of 
ethyl,  cyanide  of  Bilker,  and  water.  It  does  not  yield  pore  cyanide  of  ethyl  by  dry 
distillatioQ,  but  when  diBtilltHl  with  water,  or  with  potash,  it  yields  a  distillat*^  which 
smells  of  cyanide  of  ethyl,  and  when  treated  with  an  acid,  loses  its  odour  and  is  con- 
rcTfetl  into  a  salt  of  ethjlamine.     (K  Meyer,  loc,  cit) 

Cyankie  of  ethyl  forms  solid  oompounds  with  certain  metaUic  cMoride^^  riz, 
C»H*N.SbCl*,  C"fl»N.AuCl«,  C»H*N.PtCl\  2C*M>^.SnCl*,  2C"H>N,TiCl*  i  and  liquid 
compoundfi  with  cytmdeof&irbonift,  C*H*N.COCl-j  and  c^^ri^  ofq/anogcn^  C'H*N.Cy  CI 
(Henke,  Ann*  CL  Pharm.  c\i.  280.) 

crrA3rO>S  OF  STHTXiSVB*     C*n*N'£=(C'H*)'*.Cy*,     (MaJEWell  Simpson, 
Proc.  Eoy,  8oc.  i,  674.     G  cut  her,  Ann.  Ch.  Pharm.  cxx.  268.)— Produced  by  the 
aclson  of  cyanide  of  potassium  on  bromide  or  chloride  of  ethylene : 
C*H*Br^  +  2KCy  ^  (^fl*Cy'  +  2KBr. 

A  mixture  of  1  at»  bromide  of  ethylene  and  2  at.  cyanide  of  potassium,  with  a  con- 
Biderablo  quantity  of  alcohol  of  specific  gravity  08  40,  is  cohobated  in  the  water-l*ath 
till  the  reaction  is  complete ;  the  alcoholic  liquid  m  then  decanted  and  freed  from 
alcohol  by  distUktion ;  the  semi-fluid  residue  is  filtered  at  100*^  C. ;  the  filtrate  i^ 
IreatiMl  with  a  saturated  solution  of  chloride  of  calcium  ;  and  the  cyanide  of  ethylene^ 
which  rises  to  the  surface  in  the  form  of  a  reddish  oil,  is  washed  with  ether,  and 
heated  i<yr  Home  time  to  140"^  C,  to  free  it  from  admixed  bromide  of  ethylene:  this 
I  trf^iitmeiit  does  not,  however,  renderit  quite  puro  (Simpsoo).  Gentherprepsi^dthe 
compound  from  chloride  of  etbylenei,  but  the  preparation  is  more  difiicult  than  with 
the  Lpiiniide, 

Cyanide  of  ethylene  is»  at  ordinary  t^uiperatiires,  a  brownish,  eomi-solidv  ciystalUne 
mass,  melting  at  60**  C*  It  dissolves  readily  in  water  and  alcohol,  less  in  eUier.  It 
cannot  be  distilled,  but  hears  a  tolerably  high  temperature  without  much  decomposi- 
tion. With  nitric  acid  it  forms  a  bcwiy  which  crystallisefl  from  akohol  in  long  needles. 
H  Oil  ted  with  alcoholic  potash,  it  acts  similarly  to  cyanide  of  ethyl,  giving  off  ammonia, 
and  yielding  succinate  of  potassium' 

C=H*Cy*  +  2KH0  +  2H=0  =  C*H*K:=0*  +  2Nm 

CTAirniSJi   OF   GOXtS.     Gold  unites  with  cyanogen  m  two  proxwrtionst  form- 
ing the  aurouH  uud  auric  cyanides ;  the  latter,  however,  is  known  only  in  combination. 
Peotoctakide  of  Golu  or  Aunous  Gtanicb,  AuCy,  is  obtained  by  heating 
auro<'^yanide  of  potassium  with  nitric  or  hydrochloric  acid.     It  is  a  lemon^yeUow,  ays- 
tall  ine  powder,  whieh,  when  examined  by  the  microscope,  appears  to  consist  of  hexa- 
Lgonal  plates.     It,  is  insoluble  in  water,  alcohol,  and  rther,  has  neither  taste  nor  smell, 
sand  in  not  ftltered  by  exposure  to  the  air.     When  heated^  it  gives  off  cranosen  and 
I  leaves  mcfaliic  gold.     It  is  not  decoinpos*?il  by  nitric,  hydrochlone,  or  su^hune  add, 
e\'en  at  the  boiling  heat ;   nitro-hydrocbloric  acid  decomposce  it  slowly,     Stdphydrie 
ficid  has  no  action  upon  it ;  eulpbydrate  of  iimmonium  diflsolTea  it  to  a  colotirk'ss  liquid, 
irnm  which  addit  throw  down  sulphide  of  gold     It  is  soluble  in  itmmonia.     Potash  de- 
Cfimpofieit  it  at  the  boiling  heat^  throwing  down  metallic  gold.     It  is  likewise  soluble  in 
hyiK>sulphite  of  sodium. 

Protocytmide  of  gold  dissolpps  in  the  alkaline  cyanides,  forming  double  salts  called 
aurocyanides,  which  precipitate  the  salt*  of  otW  metals, 

AuTdcyanide  of  Ammon  i«  w,  NH^AuCy^  or  NH*Cy.AuCy,  is  obtained  by  mixing 
the  saturated  solutions  of  sulphate  of  ammonium  and  aurocyanide  of  potassium,  pre- 
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cipitating  the  s^ph&tc  of  potjissiiim  &nd  the  excess  of  fiulplukto  of  anrniomum  inith 
•bflolute  alcohol,  and  leaviugi  the  fiJtraf^  to  crjatailise  bj  evaporation.  It  fomia  colour- 
lett  anhydrous  crvstaLi  having  a  strong  metallic  tast-e. 

The  Bolution  of  protocyaaidio  of  gold  in  boiling  aqueous  ammonia  yields,  on  cooling, 
mj,  sbmmg  scake,  which  gire  up  their  ammom'a  when  heated,  or  on  addition  of 
oydrochloric  acid. 

Aurocyanide  of  Potassium,  KAnCy*,  may  bo  obtaintjd  by  dissolving  a uron a 
rjanide,  auric  oiLdo,  or  fnlminating  ^old^  in  cjaoide  of  poUissjum,  the  solution  beiuy 
attended  with  evolution  of  cjanogeu  in  the  second  cnsfi,  and  of  ummonia  in  the  thinl. 
A  oonTement  metho^I  of  preparation  ia  to  dissolve  7  pt«.  of  gold  in  nitro- muriatic  adil* 
prBd|ntato  bj  excess  of  ammonia,  and  introduce  tiie  precipitate,  wftt^r  thorough 
««flhiiig»  into  a  boiling  aolutioa  of  6  parts  of  cyanide  of  potasaiura.  The  colourleaa 
•olttlioii,  if  ool  too  dilute,  deposits  the  aurocyauide  in  crystals  on  cooling.  Tin*  mother* 
liquor  jielda  by  evaporatioii  a  &esh  quantity  of  the  s[dt>  but  very  impiin* ;  it  in 
trmomted  with  excess  of  hydrocyanic  acid,  aad  the  residual  aurauM  cymiiilo  ih  watibed 
niUi  water  and  dissolved  in  cyanide  of  potasfiium  (77  pts.  cyanide  of  ^;old  to  *23  [its.  of 
cjmmdo  ot  potaasium).     The  crystals  are  purified  by  recrystalliisutiou  trom  boihng 


Aeeoiding  to  Prince  BagratioD  ( J.  pr>  Chcm.  xxxL  367 )f  metallic  gold  precipi- 
tated by  ferroos  sulphate  dissolves  in  aqueous  cyanide  of  pot^sAium^  slowly  also  In 
feirocyanida  of  potassium,  forming  aurocyanide  of  potusKium.  The  uctiou  requires, 
bowerer,  access  of  air,  as  shown  by  Elsnor  {^ibid.  ixxvii  333),  and  is  attended  with 
fbrmatiaii  of  esostic  potash : 

An*  4  ^KCy  +  0  ^  2KAuCy=  +  K*0. 

Anrocyaiude  of  potjiflsium  forma  colourless  elongated  rhonibo'idal  octalicdron**  or 
baCTcoiu  scales.  It  is  piennuneut  tn  tho  air,  moderately  soluble  ia  water,  sparingly  in 
akohol,  insoluble  in  ether.  Heated  in  a  close  reaael,  it  gives  off  cyanogen  gas  and 
learoa  it  roixtnre  of  gold  and  cjiinide  of  potassium.  Aqueous  aciils  slowly  decc^nip^se 
Out  solution,  etimiutiting  hydrocyanic  acit^  and  precipitating  aurous  cyanide.  Boiled 
with  hydrochloric  acid,  it  yields  al»out  88  per  cent,  cyanide  of  potaasium^  together  with 
chloride.  A  similar  decompositiou  is  produced  by  siibrihuric,  nitric^  oxalie^  and  tartaric 
acids.  Alkaline  salphydrates  do  not  decompose  it^.  The  aquc>ous  solution  mixed  with 
memiae  ehlonde,  yields,  without  evolution  of  hydrocynmc  acid,  a  yellow  precipitate, 
which  iDcrettfles  on  boiling,  and  assumes  the  det^p  yellow  colour  of  aurous  cyanide :  the 
liqidd  contains  cj^anide  of  mercuTy  and  chloride  of  potaasium,  but  no  gold. 

Aurocyanide  of  potassium  18  extensively  used  in  electro-gilding.  Its  aqueous 
fdution,  especially  when  hot^  gilds  copper  and  silver^  even  without  the  aid  of  a 
voltaic  battery^  its  place  in  the  solution  being  supplied  by  an  equivalent  quantity  of 
tile  other  metal* 

To  obtain  the  gold  which  remaiiia*  in  the  solution  after  it  has  becD  uaed  for  gilding, 
il  ehoiild  bo  eTapotated  to  dryness,  the  residue  tinely  pulverised  and  intlnmtely  mixed 
with  «ti  equal  weight  of  litharge,  then  melted  at  a  strong  red  hviit,  and  the  Itad 
cxtneted  from  the  button  of  lead  and  gold  by  wann  nitric  acid;  the  gold  then 
rcinaillii  in  the  fona  of  a  loode,  yellowish-brown,  spongy  moss.  (Bottger,  J.  pr« 
Chtsn.  xzxtL  169.) 

The  solution  of  aurocyanide  of  poLossium  forms  a  white  precipitate  with  W»(^sidts ; 
ydlowiflh-white  with  tin-mi}tM;  white  with  had-BoltBi  white  with  ff^mnut  aalts, 
cbjuiging  to  blue  on  addition  of  nitric  acid ;  white  with  nitrate  of  idlver;  with  chloride 
of  man^nese  it  forms  small  cr}  Btals. 

Tbioyakidb  of  Oolt),  or  A  IT  BIO  Ctanidh.  AuCy*» — This  compound  is  ob- 
tained, in  the  free  st^ite,  accortling  io  flimly,  by  decomposing  auricyanide  of  ^K*tiusiiium 
with  any  of  the  »tn>nger  aei'lM.  It  is  more  probable,  however^  as  pointed  out  liy 
L.  Gmelin  {f{andhtKfk\  yiii.  37),  that  the  subatauce  thus  se|mrated  is  auricyanide  of 
hvdfogen,  HOy.AuCy : 

KAu^'Cy*  +  na  =  KCl  +  UAtt*'Cy* 

Moreover,  as  ol>8erved  by  Himly  liimself,  the  compound,  when  heated,  gives  off  at  first, 
not  cyanogen,  but  hydrocyanic  acid. 

To  preparo  aurici/anide  of  htfdrogcn^  or  autifru$$ic  aeid^  an  aqueous  sohi- 
tioa  of  Baricyanide  of  potast^ium  is  mixed  with  excess  of  nitrate  of  silver;  the  liquifl, 
tODtaining  the  excess  of  the  «:ilver-@a1tt  together  with  nitrate  of  potasHitim,  is  filtered  ; 
the  precipitate,  consiitting  of  AgCy.AuCy*,  is  thorougldy  washed  with  water,  then  dif- 
fiaped  in  water,  and  decMmpoe^Hl  with  frcquetit  agitation,  and  at  the  ordinary,  or  at  a 
rery  slightly  elevated  temperature  (at  highi  r  temperatures  a  yellow  colounug  will 
appear,  and  protocynnide  of  gold  will  be  fonncdl,  by  a  quantity  of  hydrochloric  atnd. 
Dot  ffttfficient  to  decompose  the  whole ;  aud  the  filtrate  U  evaporated -to  diyness  in 
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TActi<J  orcr  oil  of  vitriol  and  lime. — Or,  unrieyanid©  of  potaafliiun  i«  miied  with  hy^Jro- 
fluosilicie  ncid  and  erapomted  to  dryneaa ;  the  residue  exhansted  with  absolute  alcohd ; 
nnd  the  solution  filtered  froin  the  mlieo-fluoride  of  potassium,  and  left  to  erftpoivte 
(Hi inly).  The  product  thiis  obtained  generally  haa  a  yeUowieh  colour,  amiiif^  from 
the  admiituro  of  a  email  (|utmtity  of  protocyanide ;  it  must  therefore  be  dis8olT«*d  tn 
the  smallest  possible  quanbty  of  water  or  alcohol^  and  the  filtrate  left  to  evaporate  in 
thfi  liir  or  in  tacuo  ;  for  the  application  of  heat  would  reproduce  protocyajiide  of  gold. 
(Himly.) 

Auriejiiuidc  of  hydrogen  forms  hirgfl  ooloforless  ]amiD8&  and  tables,  containing  3  at. 
water  of  ciy,*talli8ation  -  2Au'"HCy*  -t-  3H*0  (Himly).  They  fuse  at  dO<=»a,  first 
giving  off  hydrocyanic  acid^  then  cyanogen  gns,  and  leaTO  carbide  of  gold,  which  burns 
readily  in  the  air»  and  is  converted  into  pure  gold.  The  aqueous  eolution,  when  era- 
pomted  over  the  wat^x-bath,  deposits  part  of  the  gold  in  the  form  of  pirotocyanide.  A 
boiling  aqueous  solution  of  oxalic  acid  ejcerta  no  reducing  action.  Mtrcurou*  at  mer- 
cttrfc  luitiite,  heated  with  the  solatiou,  throws  down  DTotocjaiiMle  of  gold,  while 
cyanide  of  m<?rcary  remains  in  solution.  Mtrcuric  ckl&ride  forms  Xko  predpitat^  eren 
whcu  the  solution  is  heated.  Auncyanide  of  hydrogen  does  not  become  moist  when 
ejc posed  to  the  iiir,  but  dissokes  in  water  in  crery  proportion,  and  ahnoat  as  eaeiJy  in 
alco  hoi  and  ether.     (H  i  m  1  y, ) 

Auricyanide  of  Ammontum,  (^NH^) Au'^Qy*.  —  Hydrated  auric  oxide  is  added 
to  bydrocyanate  of  ammonia,  obtained  by  distilling  ferrocyanido  of  potassium  with  sal- 
junmoniao  and  water,  as  long  as  it  continues  to  dissolve ;  the  eolouHess  filtrate  in 
heated,  which  caiisea  a  huge  qnantity  of  ammonia  to  escape;  the  filtrate  eraporated 
over  the  water-hath,  during  which  process  it  becomes  corercd  with  a  rusty  yellow  film  ; 
the  dry  residue  exhatufted  with  water ;  and  the  filtrate  left  to  c^-aporate  till  it  ciystal- 
lises.  The  salt  forms  large,  colourless,  four  and  six-sided  tables,  which  give  off"  6*06 
per  cent  of  water  at  100*^0.,  and  turn  reddish-white,  yellow  at  a  higher  tempermtore} 
and  give  oflF  hydroeyanate  of  ammrtnia*  and  when  ignited  in  the  air  leaT«  68-7  j^ 
ovnt.  of  pure  gold.  They  dissolve  readily  in  water  and  alcohol,  butara  neariy  in- 
soluble in  other.     (Himly,  Ann.  Ch.  rh&rm.  xlii.  343.) 

A  uric  f/ an  id e  of  Potagsium^  KAu*^Cy*.— Formed  by  eonyerting  7  pts,  of  gold 
into  a  solution  of  the  chloride  as  neutral  as  possible*  and  gradually  a^ng  this  liquid 
to  a  hot  coTicentrsted  aqueous  solution  of  8  pts.  cyanide  of  potassium.  The  eolourlesa 
mixture,  as  it  cools,  deposits  crj'stols,  whii'h  may  be  purifiea  by  recrystallisation : 

AuCl"  +  4KCy  =  ECy.AuCy»  +  3KCL 

(Himly,  Ann.  CL  Pharm.  xlii.  340.)  A  similar  process  is  adopted  by  Rammelsbt^rg 
(Pogg,  Ann.  xlii.  133),  According  to  Glaasford  and  Napier,  on  the  other  hand^  this 
mode  of  preparation  yields,  not  auricyamde.  but  aurocyanido  of  potasainm. 

The  salt  forms  large,  colourless  tables,  which,  when  exposed  to  the  air,  effloresce 
quickly  and  turn  inilk-white;  in  Tacuo  (Himly)  or  at  100°  0.  (Rammelsberg),  they 
pivn  f»ff  all  their  water  of  crystanisation.  The  residue  then  melts  to  a  brown  bquid, 
from  which  part,  of  the  gold  Pepawte**  out,  an  evolution  of  cyanogen  taking  place  at 
the  same  time  (Kammelsberg).  The  salt,  when  heated,  gives  off  2  at.  cyanogen, 
and  is  converted  into  aurocyanide  of  patiissium^  KCy.AuCy  (Himly). —  Chlorine 
exerts  a  decomposing  action  only  when  aided  by  heat,  chloride  of  cyanogen  being  then 
formed  (Bammelsberg).  Adds  added  to  the  solution  of  the  salt  produce  no  pre- 
cipitate, but  colour  it  yellow  and  eliminate  hydrocyanic  acid  (RammelsbergV  Mer^ 
onrous  nitrate,  boiled  with  the  solution,  forms  a  yellowish  precipitate  (Himly),  The 
salt  dooH  not  dissolve  in  absolute  alcohol  (Himly)*  Its  aqueous  solution  ia  the  best 
of  all  materials  for  galvanic  gilding.     {Moil let.) 

Aaricf/anide  of  Silifcr  Is  a  curdy  precipitate,  formed  by  mixing  the  potassliun- 
•alt  with  nitr;»t/?  of  silver.     It  is  ?olubhj  in  ammonia,  insoluble  in  nitnc  acid. 

CTAirOIS  OV  BTDROOrEir.  Hydrocifamc  or  Cjfnnhtfdrie  aeid,  CNH  or 
{CNH)  =  BCy.  Prwsie  acid,  Acidum  horussicum^  BlausMure,  Brrh'nfrltlatt*autf,'-TMB 
acid  was  discovered  by  Scheele  in  1782  (OpfumtlOj  ii.  14ft),  further  examined  by 
Berthollet  (Mem,  rf^  fAcad.  d  Sc,  ds  Part^,  1787,  p.  141?),  Proust  (Ann.  Cbim.  tx. 
18o,  22fi;  and  Ittuer  (Btiirage  rur  GrschichU  dcr  Blav^aurf^  1809).  and  first  ob- 
taincfl  in  the  pure  and  liquid  stat«  by  Gay-Lussac  in  1811  (Ann.  Chim.  Ltxvii. 
128  ;  xcv.  136).  It  appears,  however,  to  have  been  known  to  the  E^grptian  priests, 
who  used  it  for  poisoning  the  initjut^d  who  had  been  guilty  of  divulging  the  sacred 
mysteries.     (Hoefor,  Hiistoir^  dt  Ckimie,  i.  226.) 

Oreurrencf, — The  kernels  of  bitter  almonds,  peaches,  apricots,  plums,  cherries,  and 
qufrji't'«,— the  blossoms  of  the  peach,  sloe,  and  mountain-ash, — the  leaves  of  the  pejteh, 
el  If  Try-laurel,  and  Portugal  laurel,— the  young  branches  of  the  peach, — the  stem-tmrk 
iiS  Ui^  Portugal  Inunl  and  mountain-aish,  and  the  root*  of  the  last-named  tree,  when 
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soaked  in  wmter  and  distilled  after  a  while,  yield  hjdroojanic  add,  together  with  bitter 
almond  oiL  The  joioe  of  the  root  of  Jatropka  Manikot  also  jields  hjdrocjanie  acid 
when  distilled.  But  it  is  onlj  in  the  moister  parts  of  these  sabstances  that  the  acid 
exists  readj  formed ;  the  greater  part  is  produced  daring  immersion  in  water,  the 
amygdalin  contained  in  the  plants  being  then  resolved,  bj  the  fermentative  action  of 
the  emnlsin,  also  {Heaent,  into  glucose,  bitter  almond  oil,  and  hydrocyanic  acid  (i.  202X 
the  last  two  sabstanoea  passing  over  in  the  distillation. 

Formation. — 1.  From  metallic  cyanides,  by  the  action  of  solphydric,  sulphuric  or 
hydrochloric  add. —  2.  In  the  diy  distillation  of  azodsed  bodies,  and  by  the  action  of 
nitric  add  on  certain  organic  substances, — in  the  preparation  of  nitrous  ether  for  ex- 
ample. It  is  also  found  among  the  products  obtain^  by  distilling  albumin,  fibrin, 
casein,  or  gelatin  with  sulphuric  add  and  chromate  of  potassium,  or  sulphuric  add  and 
peroxide  of  manganese.  —  3.  By  the  action  of  heat  on  formate  of  ammonium: 
CH(NH«)0»-  CNH  +  2HK)  (Dobereiner,  Buchner's  Report,  xr.  425).  —4.  By  the 
decompodtion  of  amygdalin  (L  222). — 5.  By  the  decomposition  of  various  cyanogen 
compoundi  and  of  fulminates. 

Pirtparation. —  L  Of  the  aqueoiu  acid. —  a.  FromkydraUd  Fcrrocyanide  of  pota*" 
num. — ^This  salt,  which  consists  of  K*FeH;;jy*.3HK),  is  decomposed  when  heated  above 
100^  C.  with  sulphuric  add  and  water,  in  such  a  manner  that  half  the  cyanogen 
passes  over  in  the  form  of  hydrocyanic  add,  whilst  a  yellowish-white  powder,  K*Fe*Cy*, 
IS  precipitated,  and  the  reddual  liquid  contains  acid  sulphate  of  potassium.  The 
best  proportion  is  2  at  ferrocyanide  of  potassium  to  6  at  sulphuric  acid ;  therefore 
2  .  211*4  Dts.  (  —  422*8  pts.)  ferrocyanide  of  potassium,  to  6  .  49  (»294  pts.)  oil  of 
ritriol  (diluted  with  any  convenient  quantity  of  water), —  therefore  nearly  10  pts.  of 
the  ferrocyanide  to  7  pts.  oil  of  vitriol  (Everitt,  PhiL  Mag.  [3]  vi.  97) : 

2(K*FeK:y«.3H*0)  +  6H^0*  -  6HCy  +  K*Fe«Cy«  +  6KHS0*  +  GH-O. 

According  \o  this  calculation,  422*4  pts.  ferrocyanide  of  potassium  yield  3  .  27  (  —  81) 
pts.  hydiwcyanic  acid  (in  the  anhydrous  state),  or  100  pts.  ferrocyanide  yield  19*16 
pts.  of  the  add-  Gciger  obtained  by  experiment  17*07,  and  Wackenroder  17*20. — 
A  Urger  quantity  of  sulphuric  acid  does  not  act  farther  on  the  precipitated  KFo'Cy", 
and  cannot  therefore  lead  to  a  more  abundant  evolution  of  hydrocyanic  acid ;  on  the 
contrary,  as  it  can  no  longer  be  taken  up  by  the  potash,  it  decomposes  part  of  the 
liberated  hydrocyanic  add  into  ammonia  and  formic  acid,  and  consequently  the  hydro- 
cyanic acid  which  distils  over  is  smaller  in  quantity  and  contaminated  with  formic 
add.  It  is  better  indeed  to  reduce  the  quantity  of  sulphuric  acid  to  one-half  (3*5  pts. 
oil  of  vitriol  to  10  pts.  ferrocyanide  of  potassium),  so  that  neutral  sulphate  of  potas- 
sium may  be  formed  instead  of  acid  sulphate ;  as,  however,  the  neutral  sulphate  is  but 
sparingly  soluble,  and  is  therefore  deposited  in  the  crystalline  form  during  the  distillation, 
it  increases  the  percussive  ebullition  caused  by  the  white  crystalline  powder,  so  that 
drops  of  the  mixture  are  often  thrown  up,  add  mix  with  the  distillate.  Hence  it  is 
good  to  throw  a  few  clippings  of  platinum-foil  into  the  mixture. 

The  greater  part  of  the  hydrocyanic  acid  goes  over  in  the  beginning  of  \\i^  distilla- 
tion at  a  temperature  somewhat  above  100^  C. ;  and  when  the  residual  liquid  attains 
a  higher  temperature,  the  water  follows,  containing  but  little  hydrocyanic  acid.  A 
good  condensing  apparatus  is  therefore  necessary;  otherwise  the  hydrocyanic  acid, 
which  passes  over  at  first, — since  its  boiling  point  is  not  above  27°  C, — will  for  the  most 
part  escape  in  vapour  together  with  the  air  of  the  apparatus.  Water  in  the  receiver 
likewise  tends  to  prevent  this  loss.  It  is  not  necessary  to  boil  the  residue  down  to 
dryness ;  it  is  suffident  indeed  to  distil  off  from  |  to  J  of  the  liquid,  according  to  the 
quantity  of  water  present 

It  is  unnecessary  to  dissolve  the  ferrocyanide  in  water  l)efore  adding  the  sulphuric 
add.  as  it  readily  dissolves  in  the  water  as  the  distilktion  goes  on. 

The  distillatory  apparatus  must  be  so  arranged  as  \o  prevent  any  portion  of  the 
mixture  from  spiriting  over — to  contain  but  little  air,  inasmuch  as  the  air  in  escaping 
always  carries  hydrocyanic  acid  vapour  with  it  —  and  to  present  the  greatest  possible 
amount  of  cooling  surface. 

If  the  distillate  should  become  contaminated  with  sulphate  of  potassium  and  prussian 
blue  by  spirting,  it  must  be  carefully  rectified  over  a  small  quantity  of  magncvsia,  chalk, 
or  carbonate  of  barium,  in  an  apparatus  affording  ready  means  of  condensation.  This, 
however,  occadons  loss  of  prussic  acid,  and  the  rectified  add  is  much  more  prone  to 
spontaneous  decompodtion. 

h.  From  Cyanide  of  Potassium. — This  salt  is  sometimes  used  for  the  preparation  of 
hy<irocyanic  add,  because  it  is  easily  decomposed  by  dilute  acids,  even  at  ordinary 
t<'niperatures.  There  is,  however,  greater  difficulty  in  obtaining  it  in  a  pur©  and  definite 
state,  and,  conse<^uently  of  determining  the  exact  amount  of  prussic  add  that  it  will  yield, 
a  point  of  great  importance  in  the  prepiEration  of  the  medicinal  add.     Ordinary  cyanide 
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of  potassium,  prepared  by  Liebigfs  process  (s«c  Cyajjidb  of  Potasshjm),  is  not  well 
jida[)ted  for  the  purposi^  l^^cause  it  contains  a  considprable  quantity  of  cyanate  and 
ciirbonatfl  of  potassium,  tind  the  carbonic  ax-id  eTolved  by  the  deconipotfition  of  these 
eolt^  prevents,  to  a  considerable  extent,  the  condouBation  of  thi?  hjtirocyanic  aeid ; 
mcTOOTer,  tUe  eyanicacid  which  also  passes  oirer  is  soon  resolved  into  carbonic  acid  and 
junmonia,  and  the  Utttr  induces  spontimeonij  docomt>osition  of  the  hydrt^cyanict  acid. 
It  in  neecitfttiry,  therefore,  to  use  cyanide  of  potAssium  free  from  cyan  a  t^,  which,  nc- 
eordingj  to  Wyld*»r,  may  bo  prepared  by  fusing  in  a  eovtred  crucible  a  miiturw  of 
dehydrated  forrocyanide  of  potassiun^,  burnt  tart^ir,  and  charcoal  powdej  (p.  217). 
Tlie  cooled  mass  is  then  lixiiaati*d  with  cold  water^  and  the  filtered  eolation  of 
cyan  id '3  of  potassium  is  distilled  with  sulphuric  acid. 

Jiy  the  following  method  an  acid  of  nearly  definite  strength  may  be  obtained  without 
di^tillution. 

To  a  SiJution  of  0  pt«.  tartaric  acid  in  60  pta*  water,  contain od  in  a.  well-s^top- 
pcred  bottle  nearly  tilled  with  it^  4  pts.  of  puro  cyamdc  of  potussium  olto  ad<led;  the 
vessel  is  shaken,  frequ^^ntiy  dipped  into  cold  water,  and  then  left  in  the  eoM  for  twelve 
hours;  and  the  aqueous  hydrocyanic  acid,  which  contains  but  a  \'cry  small  quant ity 
of  til  dm  te  of  potassium,  ia  poured  off  from  the  o^stalliik^  tartrate  (Th.  Clarku, 
Loud.  Mctb  Surg.  J.  vi.  524 ;  also  J.  Chiin*  mM.  %'tL  0't4).  According  to  calcnlation, 
this  acid  contains  3'6  per  cent,  of  anhrdrous  prnssie  acid, 

c.  From  O^atiide  o/Mcrcttiy. — I.  Cyanide  of  mercury  ia  agitated  with  iron  filings^ 
anlphuric  acid,  and  water  in  a  wi»ll-stoppered  bottle,  tiJl  the  Liquid  no  longer  tastes  of 
inc^rcury  —  or  better,  till  a  portion  of  it  taken  out  is  no  longer  blacken  eel  by  sulphu- 
retted liydrogen  —  the  solution  then  decanted  from  the  iron  and  mercury  into  a  retort, 
and  diet  i  I  led  (tjcheele): 

Hg^Cy*  4-  Fe»  +  H»SO^  =  Fe'SO*  +  2nCy  +  Hg. 

Aceordingto  this  equation,  126  pU.  cyanide  of  mercnry  require  49  ptsv,  or  rather  inore, 
of  oil  of  vitrioL  together  with  a  considorablo  quantity  of  water,  and  at  le^wt  2H  pt«.  of 
in>ti  fHiiigs,^  an  excess  of  iron,  howeror,  accelfnites  the  decomposition.  If  the  cyanide 
of  mercury  be  carefnUy  weighed,,  this  method  is  very  well  adapted  to  produce  an  at  id 
of  definite  strength.     The  acid  distila  over  at  a  gentle  heat.     (Gmehn.) 

2.  Sulphydric  aoid  gas  is  paKsed  through  an  aqneoua  solution  of  cyanide  of  mereury 
Hf.  long  as  it  is  absorbed,  ana  the  solutioD  separated  by  filtration  horn  the  sulphide  of 
mercury  (Pronftt,  Vauquelin): 

Ilg"Cy»  +  H^S  ^  Hg'S  +  2Hqy. 

^^luquelin,  who  employs  a  polution  erf  1  pt.  cyanide  of  mercury  in  S  pta.  water,  free* 
the  solution  from  excess  of  sulphuretted  hydrogen  by  agitation  with  carbonate  of  leiid, 
till  fresh  portions  of  that  salt  sire  no  longer  browned  by  it,  and  filters  the  liquid  again. 
Eut  even  if  these  tiltrations  Int  j)erforrned  in  a  well-covered  filter,  a  eonstiderable 
quantity  of  prustfiie  acid  is  lost  by  evaporation,  so  that  this  process  never  yields  an  acid 
of  definite  strength ;  moreover,  the  acid  thus  prepared  is  apt  to  be  somewhat  con- 
taminated with  sulphoej'anic  aeid  and  oxide  of  lead, 

i/.  From  Cr/anidc  of  &ih'rr.  —  200  pts.  of  pure  cyanide  of  silver  are  Bhakeii  np  with 
240  pts-  hjdn:>chh)ric  acifl  of  spt'cific  gi-avi ty  11 29^  and,  when  the  decomposition  is 
comijletCt  the  hydrocyjiuic  acid  is  separated  irora  the  chloride  of  silver  by  deetintation 
(Everitt,  Phil.  Mag.  [a]  vi.  UIH ), — This  hydrocy&nic  add  may  conlainii  small  quatttity 
of  hyilrocblorie  aeid,  but  htia  the  advantag;6  of  definite  strength. 

f.  From  Ci/amd^  of  Liad. —  rure  cyanide  of  lead  is  decomposed  by  an  equiTalent 
quantity  of  dilute  sulphuric  acid  (Thomson).  As,  howcTer^  the  cyanide  of  lead  ia 
difficult  to  dr)',  the  quantity  of  sidphuric  acid  required  cannot  be  ejtJictly  determined  ; 
if  too  little  be  used,  lead  remains  in  solution.     (i>oubcrain»  N,  J,  Pharxn,  i.  12 L) 

yi  Hydrocyanic  lu.'i*!  of  perfectly  definite  strength  can  only  bo  ohtiuiied  by  mixing 
weighed  quantities  of  the  anhydrous  acid  and  water.  Acid  of  the  so-called  Scheele'a 
strt^ngth  contains  6  per  cent,  of  the  anhydrous  acid. 

II.  Preparation  of  Anh/drouji  Hydroci/anic  Acid. — The  grc^it  volatility  and  highly 
poisonoufl  charactej"  of  hydrocyanic  acid  renders  this  process  Tery  dangerouiH ;  it 
should  therefore  only  be  ptTfonned  in  winter,  and  with  the  aid  of  a  freezing  mixture. 

It  may  Ik*  prepared  dii-ectly  by  filowly  pa^ifting  dry  sulphydric  acid  gas  through  a  tube 
filled  with  dry  cyanide  of  mercury— except  at  the  further  end,  where  there  is  placed  a 
hniall  quantity  of  carbonate  of  h-ad  — and  connected  with  a  U-tube  surrounded  with 
ice  and  salt.  Tlie  nnby<lrous  acid  Ou  o  passes  over  and  coIJeets  in  the  reeeirer  in  the 
liquid  forni.  The  passage  of  the  gus  must  be  stopped  as  soon  as  the  carlionat*  of  lead 
bqcriii**  to  bhickcn.     (Vauquelin.) 

A  better  mode  of  preparation,  liowever,  is  to  dohydrato  the  strong  aqueous  acid, 
obtained  by  either  of  tlie  preceding  pi-ocesscs,  with  fiised  and  pulverised  chloride  of 
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enicium.   Traotwein  (HepeErt  xi  13)  distils  15  pta,  of  ferrocytmidp  of  fjotassruiri  with 

L  9  r>t*.  oil  of  ritriol  and  9  pts.  water,  till  4  or  5  pta.  of  *itTong  iicid  huvo  passecl  over  inlo 

,  the  receiTer,  whidi  mtjst  be  surrounded  witti  ice,  or  with  a  mixture  of  ice  nnd  aaU  ;  pjurs 

the  acid  into  n  strong  bottle  provided  with  &  cctod  stopper  und  kept  cold  by  ji  freezing 

mixtiunc ;  and  adds  pulverised  chloride  of  eiueium  in  HmiiU  suecessivo  portions^  and 

t  with  frequent  ogitatifsn,  so  that  no  great  development  of  hent  maj  take  place.     The 

k  siixtiue,  after  being  left  at  rest  for  a  whilt?,  ftopamtes  into  two  kyore,  the  lower  one 

'  cfmmsting  at  aqucMjun  chloride  of  ealcinm,  and  the  upper  of  hydrocyanic  acid  fr<*ed 

trr>iii  part  of  the  water.     Tho  acid  is  then  poured  into  another  bottle,  and  li^tdn  tivatfnl 

with  chloride  of  cakitim ;  and  this  treatnif?nt  is  eontimwd  till  fresh  qtiantititiiof  cLloride 

of  calcium  added  to  the  acid  no  longer  becomei  paHty  and  eake  together,  but  reiuain 

tmlrerulent   By  tliis  treatmotit,  Trautwein  obtaioB  from  2  to  2|  pts,  of  anhydrous  acid. 

Siiiee  a  considBrable  quantity  of  acid  is  lost  at  each  dceantution^  and  moreover  tho 

Tapomr  whidi  escapes  may  exert  a  poisonotia  action^  it  is  better  to  kave  tiie  acid  iit 

» the  fifst  bottle  and  dcuw  oSt  the  solution  of  chloride  of  caJeium  by  a  f^iphon.     Thix 

sipboD  is  filled  with  a  satorated  solution  of  chloride  of  calcium,  cloftiid  with  tho  imager 

at  the  end  of  tha  longer  arm,  and  not  opened  till  thi<^  shorter  arm  m  depn'^sed  to  I  ho 

l0we^  part  of  tho  bottle  held  in  a  Bomewbat  inclined  positioti.     As  soon  as  the  chloride 

of  caJcium  Bolution  has  completely  run  ovt,,  the  siphon  is  again  clo^^cd  witli  tlic  fiugcir 

aod  taken  ouL     More  chloride  of  calcium  is  then  introduced,  &c.     As  soon  &s  n  freah 

poition  of  that  subistance  no  longer  becomes  pasty,  the  acid  may  be  decanted  into  a 

wvU-'OOOIm)  bottie  containing  pulverised  chloride  of  calcium,  and  finally  into  a  dean 

bottle  (Gmelin).     Or  the  acid,  after  being  left  for  some  time  in  contact  with  chlorido 

of ealdnm,  maybe  distilk'd  off  at  the  heat  of  tho  water-bath,  the  bottlo  being  connected 

by  a  bent  tube  with  a  U'tabe  immeraed  in  ice  and  salt 

Another  method  is  to  pasa  the  rapour  of  tho  aqueous  acid  directly  over  chloride  of 
calcium^  which  atjBtriu-ts  the  water.  A  mixture  of  8  pta.  ferrocyamde  of  potaadom, 
3  pta.  burnt  tartar,  mid  1  pt  diarcoal  is  fused  in  a  covereil  crucible  i  the  fused  mafls 
i!ige«ted  with  six  times  itn  w^-ight  of  water  in  a  vessel  which  can  bo  closed  ;  and  the 
clear  solution  decanted  from  the  atKliment  of  iron  and  charcoal  into  a  tiibulat^'d  retort, 
which  ifl  connected  with  a  glass  tube  horizontal  in  tlie  nearer  part,  bent  downwards  at 
a  certain  distance  from  the  retort^  and  passing  into  a  U-tube,  This  U-tube  is  placed 
witlun  a  cylinder  oootaining  cold  water,  and  is  filled  with  chloride  of  calcium,  exe*jpting 
at  the  end  where  the  vapours  enter,  and  at  this  end  are  placed  small  pieces  of  tho 
fused  mixture  aWve  mentioned-  Tho  other  end  of  the  U-tube  is  eonncctt'd  by  a  bent 
tube  with  the  glairs  which  serveii  as  a  receiver,  and  is  surrounded  witli  ice,  or  hotter, 
with  a  freezing  mixture.  A  cooled  mixture  of  1  pt.  oil  of  vitriol  (the  fii.ied  niixturo 
vbcee  aolatiou  is  conliiincd  in  the  retort  being  supposed  =  2]  and  1  nt.  water,  is  then 
potircd  into  the  retort  by  smaU  portions  at  a  time  through  a  funnel -tube  atbipted  to 
the  tubulua,  Tho  mixture  etarta  spontaneously  into  strong  ebullition,  so  that  the  sub 
pbniie  acid  must  be  added  slowly  ;  and  the  grtstcr  part  of  the  liydroryanic  acid  distils 
over  without  the  application  of  heat.  Finally^  when  all  the  sulphmc  acid  has  been 
sdded,  and  the  boiling  has  eease^l,  the  retort  ia  heated  till  tho  eontentii  begin  to  boil 
gently  ;  and  the  cylinder  in  which  the  chloride  of  calcium  tube  is  iromeraod  is  emptied 
of  cold  water,  and  filled  with  water  at  30^ — 35*^,  to  volutilido  the  prussic  acid  there 
I  eoudensed,  and  cause  it  to  pass  over  into  the  re<«iTep(W  li  b  1  er»  B(rzeHv»  Lthrk  1816). 
As  th^  U-tubc  sometim.es  oecomes  stopped  up,  WohJcr  further  recommeuds  that  the 
Aedc  of  the  retort  bo  inclined  upwards  at  an  angle  of  about  46^,  and  an  intermediate 
TMBel,  containing  a  small  quantity  of  cldoride  of  calcium  or  cyanide  of  potassium, 
placed  between  the  retort  and  the  U-tul>e.  The  chloride  of  calcium  tube  and  the  in- 
tiTvening  Tessel  are  inflnersed,  from  the  beginning  of  tho  operation,  in  water  at  30°  C.» 
and  Uw  pruasic  add  rapour  is  condensed  in  a  tall  narrow  v<^sel,  surrounded  with  a 
I  miztme  of  ice  and  salt ;  tha  add  is  then  obtained  in  the  form  of  a  cr)'$«tidlin4!  mass. 
JVopfrltigg,  —Anhydrous  hydrocyanic  acid  is,  at  common  tempcT^itures,  a  foIourleMS 
liquid^  of  sp,  gr.  07068  at  7*^  C,  and  0  69G9  at  18'^  C.  (Oay-Lussac);  it  sc4idiftest 
at  15^  C,  in  feathery  crystals.     It  boils  at  26-5°  C.   Vapour-density,  0  9  4  7  by  cxperi- 

t(Oaj-LuBSttc),  by  calculation,  — - —   =  1 3 -5»  referred  to  hydrogen  as  unity, 

•  15'6  r  0"0693  =  0*9405  referred  to  air.  It  dissolves  in  water  in  all  proportional, 
Ibtming  a  eolutiou  which  is  lighter  than  water,  and  reddens  litmus  slightly  ;  it  is  aW 
aiisdbie  with  alcohol 

Tb«  Mibydiotis  acid  or  the  strong  aqueous  sobitlnn  burns  wth  a  faint  violet  flame. 
It  has  A  peeuliar  odour  like  that  of  bitter  almondfi.  It  is  exi^essively  prnHonoiis^  a 
drop  of  the  anhydrous  acid  jtrodudng  iustnnt  death  when  swtiltowed.  The  vajwuur 
of  the  anhydrous  or  of  the  hifjjhly  coneentnited  nqueouh  (H'id,  is  likewise  instantly  fatal 
when  inhaled;  tho  vapour  diluted  with  air  produetii*,  when  iidialcd  in  snuJl  4uantity, 
a  j*©culiar  irritation  in  the  thn^at;  in  larger  quantity,  giddiness  and  hea<baehe.      The 
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dilute  aqueous  acid  hm  a  corvling  taste,  with  pmigBnt  bitter  aftertast^^ ;  it  is  mudi 
lued  ia  mtMliciiie  to  allay  irritjition* 

I>ecompctgitiuns.—l.  Tlio  anliyclrous  acid  quickly  undergoes  spontaaieoiis  doeomposi- 
tion,  g:iving  oiF  aramouia  and  leaving  a  brown  substance.  The  aqacous  acid  undei^es 
thi^  HHinf  clocoinpositiijiD*  par-f  of  it  boui);^,  however^  converted  into  formats  of  nmmo* 
niimi ;  CNH  -t  2H-0  =  CH(NH*)0',  The  decomposition  taken  place  more  quickly  aa 
the  acid  i-^  strong<?r;  the  addition  of  a  Bmallquiintity  of  another  acid  renders  it  more 
pi?nnaneiit ;  fllkaliu,  on  th<*  other  hand,  accelerate  the  decomposition.  Exposure  to  light 
idso  causes  the  change  to  take  place  more  quickly ;  hence  the  acid  should  always  bo 
kept  in  the  dark,  or  in  bottles  covered  with  black  paper. —  2.  The  yapoor  of  hydro* 
cyanic  acid  passed  through  a  red-hot  tube^  is  partly  resolved  into  cyanogen  and  hydro- 
gen gases ;  at  the  same  time,  however,  a  small  quantity  of  nitrogen  is  set  free  and 
charcoal  Bcparat^ — 3.  By  elr^triciti/.  The  vapour  of  hydrocyanic  acid  is  but  alowly 
decomposed  by  the  electric  spark,  with  aeparation  of  a  small  quantity  of  carbon.  The 
aqueous  acid  is  decomposed  by  the  Toltaic  current,  hydrogen  being  evolved  at  the 
negative  pole,  while  the  cyanogen  set  free  at  the  poBitive  pole  either  remains  dissolved 
or  unites  with  the  metal  which  forms  the  pole.— 4,  By  oxidation.  The  anhydrous  acid 
tmd  its  vapour,  when  Fct  on  fire,  bum  in  contact  with  air  or  oxygen  gas,  produciug  cai^ 
bouic  anhydri^dc^  nitrogen,  and  water.  The  vapour  loixed  with  oiygen  explodes  wilh 
great  violence  on  the  passage  of  an  eloctHc  BparL  For  complete  combustion^  2  volumes 
of  the  vapour  require  2 J  vols,  oxygen,  and  after  the  explosion,  there  remain  3  vols, 
of  ^  consisting  of  2  vols,  carbonic  anhydride  and  1  vol,  nitrogen.  Hence  the  com* 
position  of  the  vapour  is  determineii:  for  the  2  vols,  carbonic  anhydride  contain 
2  vols,  oxygen;  conaequctitly,  the  remaining  ^  voL  oiygen  has  been  consumed  in 
t'ombining  with  the  hyorogon  (1  vol)  to  form  water.  Hence  the  2  vols,  hydrocyanic 
vapour  contain  1  aL  carbon,  1  at.  nitrogen,  and  1  at.  hydrogen.  Many  mtla/iic  oj^d*s 
decouipose  hydrocyanic  add  even  at  common  temperatures ;  peroxide  of  lead  forms 
with  it^  aecortiing  to  Liebig,  cyanide  of  lead,  water,  and  cyanogen. — The  vapour  of  t ho 
acid  mixed  with  hydrogen  gas  is  completely  absorbed  by  peroxide  of  manganese,  with- 
out ficparstion  of  cyanogen  (Gay-Lnssae).  BaKie  inettillic  oxides  generally  ctm- 
vcrt  the  acid  into  water  and  a  metallic  cyan idt\ — 6.  By  ch/orinf.  The  anhydrous 
acid  pour^^d  into  a  bottle  filled  with  dry  chlorine,  and  exposed  to  sunshine,  fomas  hy- 
di^x'hloric  acid  and  solid  chloride  of  cyanogen. 

In  presence  of  aquexma  vapour,  but  little  chloride  of  cyanogen  is  formed,  the  clii«?f 
prcducts  of  the  reaction  being  sal-ammoniac,  carbonic  oxide,  and  carbonic  anhydride  : 

2CNH  -^  Q'  +  3H^0  ^  2Nn*Cl  +  CO  +  C0»- 

CMorine  gas  passed  int-o  dilute  hydrocyanic  acid  forms  hydrocyanate  of  chloride  of 
cyanogen,  CNH^l-.CNE  (WurtfH  Aim.  Ch.  Pharm.  Ixxix.  280).  Wlien  chlorine  gas  is 
paraed  into  a  mixture  of  strong  aqueous  hydrrK'vauic  add  and  alcohol,  till  carlxinic  acid 
bt»ginf«  to  cs<-'ape,  a  crystalline  compound,  C*ii'NCIt>=',  is  foiniod.  sparingly  soluble  in 
colli  wat^r  and  in  limmoiiia,  somewhat  more  in  boiling  water,  easily  in  alcohol  imd  in 
ether.  The  same  compound  is  formed  on  passing  chlorine  into  an  cdcoholic  solution  of 
cyanide  of  nioreury  (y.  v.)  (St  en  house.) 

6.  Bromine  decomposes  the  aqueous  acid,  forming  bromide  of  cyanogen,  7-  lodiM 
doihs  not  decompose  the  rapour  of  hydrocyanic  add  (Gay-Lussac).  With  the 
uqneons  acid  it  forms  bydriodic  acid  and  Uberat«a  cyanogen.     (Porrett,) 

8.  By  adds.  Strong  hydrocldoric  or  moderately  dilute  sulphuric  add  decompoBcs 
hydmL'yanic  acid  in  a  few  minutes,  even  in  the  cold,  and  more  quickly  with  aid  of  heat, 
into  fonaie  acid  and  ammonia,  CNH  +  2H'0  =  CH*0'  4-  ^HK  Hyflrochlorio  acid 
acts  more  quickly  than  sulphuric  acid;  the  latt^T,  if  too  strongly  heat*?d,  further 
resolves  the  formic  acid  into  water  and  carbonic  oxide  (Pel ouzo,  Ann.  Ch.  Pharm. 
ii.  84).  Small  quantities  of  either  of  these  adds,  howovcrp  retard  the  spontaneous 
decomposition  of  prussic  acid,     {Qm*  vii-  4113.) 

9.  The  jixrd  alkalis,  at  high  temperatures,  likewise  resolve  hydrocyanic  add  into 
ammonia  and  formic  acid. 

10.  Votassium  bums  when  heated  in  the  vapour  of  hydrocyanic  actd,  with  formation 
of  cyimide  of  pot4iS8ium  and  evolution  of  hydrogen. 

Det^viion  and  ExUmation  of  Hi/drort/anic  acid. — 1.  Free  hydrocyanic  acid,  if  not 
too  dilute  or  mixed  with  other  odoriferous  substances,  may  be  recognised  by  its 
char»K!teristic  ndoitr  (p,  217), — 2,  On  making  the  solution  alkaline  with  ^^n^A,  adding 
a  solution  of  ffrrous  milphaie  oxidised  by  exfosure  to  the  air,  and  then  sufBdent 
hydrochloric  acid  to  dissolve  the  precipitated  ferroso-ferric  oxide,  prussian  blue  remains 
undissolved  if  hydrocyanic  acid  was  prcT^unt;  otherwise  a  clear  yeJlow-green  solutionis 
formed.  If  the  quantity  of  hydrocyanic  acid  present  is  very  small,  tlie  liquid  appears  clear 
at  Brat*  but  after  standing  for  some  time,  dsp-nsits  dark  blue  flocks. — 3.  The  liquid  to 
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lie  teitcd  is  wuxed  vith  m  fev  drops  of  yrfiVw  fMlpAidf  (pfrtmlpkidt^)  c/ammotntrm  and 
flvapontcd  to  dirnes  orcr  the  vater-badi.  to  conrtrt  the  hrdroeranic  add  into  sal- 
phocTaoate  of  amwnnwm.  On  dissoixing  the  residue  in  water  and  testing  with  am- 
qncUoride  of  iron,  the  hqpad  aasnmes  the  deep  biood-red  ooloor  of  feme  solpho- 
cjaaatet     lliis  test,  acearding  to  Taylor  (^Ann.  Ch.  Pharm.  Ixv.  263),  is  capable  of 

dktinctly  showing  the  presence  <'f  :Tr:r-:  ol  a  grain  of  anhjdious  pmssic  acid  in  a  Teiy 
difaite  liqnid,  whcicae  the  prassian  bine  test  will  not  detect  less  than  ;:^-;  of  a  grain. 

I  oU 

—4.  Hjdrocjanic  acid  |;xTea»  with  nitrcf^  cf  sUt^er,  a  white  precipitate  of  cyanide  of 
lilTer,  whidi  disBolves  in  ammonia  as  easily  as  the  chloride,  bat  is  distinguished 
therefrom  bj  not  blackening  when  exposed  to  light,  and  by  dissolving  in  strong  nitric 
add  at  the  boiling  heat  wkh  evolntion  of  carl-onic  acid.  The  precipitated  cyanide 
■haken  np  with  dilate  hydrochlonc  add.  emits  the  charact<^rlstic  Oilour  of  prossic  acid. 
— 5.  On  rendering  the  hqaid  alkaline  with  pota>h.  then  adding  tulpkait  of  copper^  and 
JQst  suffident  hydrochloric  add  to  dissolve  the  blue  predpitate  of  cupric  hvdrate,  white 
enproos  cyanide  remains  o&dissolred  if  the  liquid  contained  prossic  acid  (Lassaignel 
This  reaction  is,  however,  less  characteristic  than  those  before  mentioned,  inasmuch 
as  a  similar  effect  is  produced  by  hydriodic  acid. 

When  liquids  containing  blood,  articles  of  food,  or  parts  of  the  animal  body,  are  to  be 
examined  for  pTuasic  acid,  as  in  cases  of  pois«:tning.  advantage  is  taken  of  the  extreme 
volatility  of  the  add,  to  separate  it  from  the  substances  which  might  disguise  its 
reactions.  A  good  method  of  testing  is  to  place  a  portion  of  the  suspected  matter 
on  a  wmtdb-g^^  cover  it  with  another  watch-glass,  on  the  concave  surface  of  which 
is  placed  a  drop  of  yellow  sulphide  of  ammonium,  leave  it  for  ten  minutes,  then 
evaporate  the  sulphide  of  ammonium  to  dryness  at  a  gentle  heat,  and  moisten  the 
residne  with  a  drop  of  solution  of  ferric  chloride,  which,  if  pruasic  acid  was  present, 
will  prodooe  the  blood-red  colour  above  mentioned.  If  larger  quantities  of  material 
have  to  be  operated  on,  it  \s  best  to  distil  off  the  acid  at  the  heat  of  the  water>l)ath, 
addulating  with  tartaric  add  if  the  original  liquid  is  alkaline.  The  distillate  may 
then  be  tested  by  any  of  the  methods  above  given. 

Qmantitatire  Esthnation. — The  strength  of  aqueous  prossic  acid  cannot  be  determined 
by  its  spedfic  gravity,  the  variation  from  1-6  to  16  per  cent,  being  only  from  0*9979 
to  0-9670.  The  percentage  of  real  add  is  therefore  determined  by  one  of  the  follow- 
ing methods : 

1.  By  Mercuric  oxide.  To  a  weighed  quantity  of  the  aqueous  add,  a  weighed  quantity 
of  finely  pulverised  red  oxide  of  inercury  is  added,  by  small  portions  antl  with  agita- 
tion, till  the  last  portions  added  remain  undissolved,  and  the  odour  of  hydrocyanic 
arid  is  no  longer  perceptible.  The  weight  of  the  remaining  quantity  of  mercuric 
oxide  deducted  from  the  original  weight,  gives  the  weight  of  the  quantity  dissolved; 
and  since  108  pts.  of  mercuric  oxide  require  for  solution  27  pts.  of  anhyifrous  prussic 
icid,  it  follows  that  4  pts.  of  mercuric  oxide  dissolved  indicate  the  presence  of  1  pt,  of 
anhydrous  acid  in  the  liquid  under  examination  (Ure,  Quart.  J.  of  Sc.  xiii.  321 ; 
also  Schw.  J.  xxxvi.  282).  As  the  cyanide  of  mercury  thus  formed  is  capable  of  taking 
up  more  of  the  mercuric  oxide,  even  at  ordinary  temperatures,  forming  indeed,  the 
eompoand  Hg''O.Hg''Cy*,  this  method  is  apt  to  give  too  great  an  amount  of  hydrocyanic 
add,  espedally  if  the  liquid  be  not  kept  cool,  and  the  addition  of  mercuric  oxide 
■topped  as  soon  as  the  odour  of  hydrocyanic  acid  has  disappeared.  Moreover,  it  must 
first  be  ascertained  that  the  prussic  acid  to  be  examined  is  free  from  hydrochloric  acid, 
which  would  likewise  dissolve  mercuric  oxide.  In  this  case,  Geoghegan  saturates  the 
hydrochloric  add  with  carbonate  of  calcium  before  adding  the  mercuric  oxide. — Tliis 
method  is  not  i^licable  to  cherry-laurel  water,  bitter  almond  water,  &c.,  because  those 
waters  contain  a  vegetable  add,  probably  benzoic  add,  which  likewise  dissolves  mer- 
curic oxide.    (Duflos,  Kastn.  Arch.  xiv.  88.) 

2.  nitrate  of  silver^  mixed  with  a  small  quantity  of  ammonia,  such  that  the  liquid 
after  predpitation  may  be  rather  acid  -than  alkaline,  is  dropped  into  the  hydrocyanic 
add,  as  long  as  any  precipitate  of  cyanide  of  silver  is  produced ;  the  precipitate  is  col- 
Iecte<l  on  a  small  filter,  previously  dried  at  100°  C.  and  weighed  ;  and  the  procij>itato 
and  filter  are  washed  and  dried  together  at  100°  and  weighed.  134  pts.  of  cyanulo  of 
silver  indicate  27  pts.  of  anhydrous  prussic  acid.  The  add  may  also  be  precipitated 
by  a  mixture  of  nitrate  of  silver  and  ammonia,  and  nitric  acid  then  cautiously  added 
to  the  h'quid  till  a  slight  add  reaction  is  produced  (Duflos).  This  method  is  the 
nw>st  accurate  of  all. 

If  the  liquid  contains  metallic  chlorides,  it  is  acidulated  and  treated  with  excess  of 
nitrate  of  silver ;  and  the  mixed  precipitate  of  cyanide  and  chloride  of  silver  is  dried  and 
veighed  as  i^tore^  then  treated  with  dilute  hydrochloric  add,  which  converts  it  wholly 
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into  chloride  of  mUreT,  md  weighed  agam.  By  the  oonrereioti  of  the  cymnido  of 
silver  into  chloride,  the  weight  incrcaues  by  95  pts.  [35'6  (CL)  —  26  (Cy.)],  to  that 
every  9-6  pts.  increftse  in  the  weight  corresponds  to  27  pt*,  anhydrous  prtifisic  add- 

The  Bame  method  ia  applicable  to  the  determination  of  hydrocyanic  iwid  in  pre«eiiee 
of  hydrobnnnic  or  hydnodic  acid.  From  acida  not  precipitated  by  nitrate  of  silrer 
from  acid  solotions,  such  oa  sulphturic  and  phosphoric  acid,  hydrocyanic  acid  ia  eajsily 
neparuted  by  this  reagent. 

3.  Voim/utric  method, — 1  at-  erf  anidc  of  potaamnm  forms  with  1  at  cyanide  of  sIIvot  a 
soluble  double  cyanide,  which  i»  not  decompo»od  by  excess  of  alkali.  It  then,  a  liquid 
oontaininp  hydrc»cyaniC'  acid  bo  mixed  with  solution  of  caustic  potash  till  a  strong  allu- 
lino  reiiction  ia  produced,  and  then  with  a  standard  iolmtion  of  mtrate  of  silrer  till  the 
f  liqiud  begins  to  show  turbidity,  1  at  of  silver  xmeA  will  correspond  exactly  to  2  atw  hydro- 
cyanic present  in  the  liquid.  If  the  silver-solution  he  prepared  by  dissomng  3*l&0*grm, 
fWd  mtrate  of  silTor  in  water,  and  dilating  the  dolution  to  1000  cub.  cent,  each  cub.  cent 
of  it  used  will  correspond  to  1  milligramme  of  auhytlroiia  pnusic  add.  The  presence 
of  fonmc  or  hydrochloric  acid  has  no  influence  on  the  resblL  Thin  method  ia  quite 
as  accurate  as  the  last^  and  is  applicable  to  bitter  almond  jirater  and  biurel  water,  as 
well  as  to  luedii'inal  prussic  acid.  Bitter  almond  water,  which  is  turbid  from  the  pro- 
ficnce  of  oily  ilropst,  must  first  be  mixed  with  three  or  four  times  its  bulk  of  water,  to 
Tender  it  clear;  otherwise  the  limit  of  the  reduction  will  not  be  seen.  (Lie big,  Ann. 
Cb.  Phann.  IxxviL  102;  Chem.  Soc.  Qn.  X  iv.  219.) 

C&mpoundi  of  Hydr<^anic  acid  teiih  Metallic  Chlorides. 

Hydroq/anati  of  Antimonic  Chloride,  SljCl*.3HCy.— When  the  rapour  of  anhy- 
drous prusaic  add  is  brought  in  contact  with  ptontrtcUondo  of  antimony  heated  to  30'^  C., 
this  compound  is  produced  in  the  form  of  clear  definite  prisms,  which  vnlutilise 
liHween  70°  and  100'^  C,  but  at  the  same  time  undorjio  partial  decomposition,  evtm  in 
an  atmosphere  of  carbonic  acid.  The  compound  is  deliquescent ;  docs  not  fump  in  tho 
air;  is  doeomposed  by  water,  with  separation  of  antimonic  acid;  and  unites  with  am- 
monia,  forming  a  brown-red  pulverulent  mass,  (Klein^  Ann.  Ch.  Pharm.  Ixxiv.  8G.) 

Hf/drmtfdnaU  of  FerHc  Chiitride^  Fe=Cl'.2HCy.— Sublimed  ferric  chloride  and 
anhydrous  prnaaic  add  unite,  with  a  hissing  tioise,  and  form  a  brown-red  liquid, 
which  soon  solidifies  in  the  crystalline  state.  The  compound  deliquesces  in  tlio  air, 
giTing  ojf  hydrocyanic  acidj  melts  i^t  lOO"^  C;  and  unites  i^ith  ammonia,  forming  a 
greenish  black  powder*  which  dissolves  in  water,  with  scpai^tion  of  prussian  blue 
and  therefore  containa  protochloride  of  iron.  The  compound,  when  heated,  yields 
ferruginous  sal-ammoniac,  hydrocyanic  acid,  and  pro  to-chloride  of  iron.  (Klein^ 
lo€^  ciL) 

HydrocyavaU  of  Stannic  CMiiride,  SQCl*.2HCy, — Tetrachloride  of  tin  unites  with 
aiiliydrous  prussic  add,  without  sensible  rise  of  tempera ture;^  fi^rming  a  solid  eryhtidiine 
body  ;  if  the  add  in  the  gaseous  state  he  passed  through  a  tubr^  in  which  the  i^t^oiuic 
chloride  is  placed,  so  as  to  expose  a  large  snrface,  the  comjwund  will  be  obtaia*'d  in 
fine  dystala  The  crystals  are  oobnrless,  refract  light  strongly,  and  apjiear  to  be  iiio- 
roorphouji  with  the  corresponding  titanium-compound.  In  a  stream  of  <lry  air  they 
Tolatilise  as  quickly  as  anhydrous  pnissic  acid,  becoming  at  the  same  time  white  and 
opaque.  They  are  decomposed  by  water  and  by  damp  air.  Thoy  unite  mth  ammoniocal 
gas,  forming  a  white  sul jstance  which  may  be  atiblimed.  No  analysis  was  made  of 
5 1  is  compound,  on  account  of  its  great  volatility ;  but  it  appears  to  be  atudogoos  to 
tlu*  titanium -componnd.     (Klein,  loc.  cit.) 

Bffdrocyanaie  of  THtanie  Chiarid^,  TiClMI Cy. — When  anhydrous  pmesic  add  ifl 
poured  into  tetradiloride  of  titanium,  combination  takes  place,  attended  with  rise  of 
temperature  and  ebullition  (on  which  account  the  Bubstancos  mu«t  be  cooled  to  Q^  C. 
before  mixing,  or  the  hydrocyanic  add  must  be  piiKsed  in  the  furm  of  gas  into  the 
titmiic  chlonde),  and  formation  of  a  yellow  pulvemlent  ma.«<9 ;  the  exceas  of  prttssic  add 
is  then  distilled  offy  and  the  compound  sublimed  by  careful  heating.  It  is  V4*ry  vola* 
tile,  subliming  l>elow  100^  C„  in  the  form  of  clear,  shining,  lemon-yellow  ciystals 
(rhombic  pynimidM  and  combinations  thereof),  which,  if  rapidly  sublimed,  unite  into 
a  coherent  mii&s.  It  fumes  slightly  in  the  air;  smells  strtmgly  of  hydrocyanic  add; 
quickly  turns  white,  and  deliquowes  to  a  dear  viscid  solution.  Water  djssolres  it, 
withnse  of  tempet^tur^,  and  ft»rm»  a  dear  solution ;  if  the  quantity  of  water  be  small, 
gaseous  hydrocyanic  acid  is  given  off  as  the  substance  dissolves.  It  is  not  alteivd  by 
sul>limatioji  in  dilorine  gas.  When  its  vai-iour  is  passed  tTiroogh  a  red-hot  glass  tube, 
it  Lovers  the  tul>o  ydih  copper-coloured  nifxide  of  titanium  mixed  with  diaxvoaL 
(Wohler,  Afjn.  Ch.  Phanu.  Ixxiii,  226.) 

CTAjmss  or  Zlixnnnic  The  only  known  comiiound  of  iridium  and  cya- 
Dogen  is  the  sesquicyanide,  wliich  forms  with  basic  cyanides  a  group  of  salts,  tht 
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iridiocynnidos,   3MCjr.lt*Cy»  »  M'li^CJy*,   unabgoaa  to  the  ferricyunides.     They 
hare  been  chit*fly  fftuciicd  by  C.  A.  Martiua.     (Ann.  Ch.  Phann*  cxvii.  367.) 

Iridiocyanidt  of  Barium^  Ba*Ir*Cy*  4-  9aq.— To  prepare  tliis  eaJl;  platini- 
ferons  iridiocyanide  of  copper,  oLtained  in  the  treiitment  of  platinum-reifiduea  by 
Martins'  niethod*|  ifl  digested  with  bazyta-wat^,  the  excess  of  bar>'ta  removed  by 
earWnic  acid,  and  the  filtrate  leit  to  cr)'StulliBe:  it  then  first  dopo»ita  crystaJa  of 
pljiiioocyanide,  and  nft^^rwardji  of  iridiocyanido  of  Imriura,  The  latter  fomjs  hard 
tr:uiepar«ut  cryet^ts  beloDging  to  the  trimetric  system^  and  efEloreseing  in  the  air  to  a 
white  powdeT  still  retaining  3  at.  wuter.  The  salt  dissolrea  easily  in  water,  in  insolnble 
in  alcohol,  and  scarcely  decomposiblo  by  ucids.  The  aqueous  solution  forms  with 
eupric  wilta  a  light  blue  pn>cipitate,  with  nicrcurous,  ftrrouA^  had^  and  zinc  salts,  white, 
and  with/<?rrit'  salts  a  yellow  precipitate, 

Iridiocyanide  of  Hydrogen,  H'Ir*Cy*. — Obtoineti  by  decomposing  tho  bwriuni 
•alt  with  sulphuric  acid,  exhauatinp:  with  ether,  and  eTapomting,  It  forms  Bmall  whit«i 
crystalline  cmsts,  has  a  j^troDg  add  reaction,  decompoaea  carbonates,  dissolves  easily  in 
water  and  in  alcohol,  with  i^lilficulty  in  ctb<^,  and  has  a  nanaeous  metallic  tast^  Aboye 
SOCP  C*  it  assumes  a  colour  varying  from  yellow  to  dark  green,  and  giiri^  oflF  pnzssic 
acid.  Tho  aqueous  solubon  mixed  with  hydrochloric  acid  deposits  after  a  while,  groen 
Beaquicy amdtt  oi  iriilium.    (Martins.) 

Iridiocyanide  of  Potassium^  K*li^Cy*, — ^Preparcd:  1.  By  gently  igniting  a 
mixtare  of  ferroeyonide  of  potassium  and  metallic  iridium  in  a  glaaa  flask,  exhaustiiig 
Ui«  iDasa  with  hot  water;  filtering  and  evapomting,  tho  litjuid  then  depoaiting,  first, 
exTBtals  of  ferrocyanide  of  potiissinm,  and  aflerwarda  of  the  iridiocyanide  (Wo  bier  and 
Booth,  Pogg.  Ann.  xxxL  167). — 2v  By  melting  chloriiidiate  of  azEunoninm  with  1 A  pts« 
pulverised  cyanide  of  potasaium  in  a  porcelain  crucible  for  10  or  Ifi  minutes,  dissoMng 
the  mass  in  boiling  water,  and  learing  the  liquid  to  cryst^dlise  by  cooling  (Clans, 
Jahresber.  d.  Chem.  1866,  p.  446). —  3.  By  decomposing  tho  copper-salt  with  potash- 
ley»  or  the  barium-salt  with  sulphate  of  potassium  (Marti  us).  The  salt  is  anbydrouB, 
insoluble  In  alcohol,  easily  aoluble  in  water,  iLnd  separates  from  the  aqueous  solutiVju 
in  large,  transparent,  colourleas,  prismatic  twiii-er  jstjils  belonging  t^  the  trim  etri  c  systt^m. 
It  is  not  decomposed,  even  by  ignition  in  a  current  of  chlorine  or  hydrochloric  acid. 
(31  artina.) 

Kaninielsberg*8  analyaii  of  thia  salt  agrees  best  with  the  formula  KTIrCy*,  or 
2KCy»IrCy' ;  but  those  of  Claua  aud  of  Martina  lead  to  the  formula  K*lr*Cy'  come* 
«ponding  with  those  of  the  other  iridiocyanides. 

CTAVmSft  or  Zao v.  (S  c  h  e  e  1  c^  Opiiscid4i^  ii.  148, — 1 1 1  q  e  r,  Beitroffe  xiir 
Gtmkiekteder  Blam&ure,  Freib.  Const  1809.— Proust,  Ann.  Chim,  Ix.  185  and  226.^ 
Vanquelin,  ibid.  v.  113. — Berzelina,  Ann.  Ch.  Phys,  [2]  xt.  144  and  225;  Pogg. 
Ann.  XT.  385.— Porrott,  PhiL  Trans.  1814,  p.  627  ;  Ann.  Phil.  xii.  214;  xiv.  296.— 
Robiqnet,  Ann.  Ch.  Phys.  [2]  xiL  276;  iriL  196;  xHv.  279.— Thomson,  Ann. 
PhiL  xiL  202;  xv.  392;  xvi.  217.— Qay-Luaflac,  ibid.  xlvi.  73- — L.  Gmelin, 
Schw.  J.  xxxir.  326, — ^Pelouze,  Ann.  Ch.  Phys.  [2]  Ixix.  40. — Kammelsberg, 
Pogg.  Ann.  xxxviii.  364  ;  xlii.  3.^ — Buns  en,  ifnd.  xxxiv.  131 ;  xxxtl  464. — ^William- 
son, Ann.  Ch.  Phann.  IviL  226.— Gm.  vii  429.— Gerh.  L  320.) 

The  protoeyanide  and  gesquicyanide  of  iron  have  not  been  obtained  in  very 
definite  form.  On  adding  cyanide  of  potassiom  to  a  ferrous  salt,  a  yellowish^red  fioc^ 
culcsnt  precipitate  is  formed,  consisting  essentially  of  ferrous  cyanide,  FeCy»  but 
always  coctaining  a  certain  quantity  of  cyanide  of  potassifun,  smaller,  however,  the 

the  ifoa-salt  is  in  excess.     This  precipitate  dissolres  in  excess  of  cyanide  of 

Btitm,  and  is  converted  into  ferrocyanide  of  potassium;  dilute  potaah-ley  also  con- 
I  it  into  ferrocyanide,  with  separation  of  ferrous  hydrate : 


3FoCy  +  2KH0  =  K'PeCy*  ^  2FeH0. 

When  exposed  to  the  air,  it  takes  np  oxygen  and  turns  blue.  (Fresenius,  Ann.  Ch. 
Pharm.  en.  210.) 

Sesqnieyanide  of  Iron,  or  Ferric  Cyanide,  Pe^*,  is  not  known  in  thesoHd 
Cbfm.  Ferricyanide  of  potassium  forms  with  sesquichloride  of  iron  a  dark  brown 
liquid,  which  may  be  regarded  as  a  mixture  of  cblondo  of  potaasimn  and  acsquicyanide 
of  iron: 

K'FeKJy*  +  Fe'Q*  =  3KC1  +  2Fc*Cy*; 


ef  ODpfMr.    (S«9  Iftipitrii  aiul  Flatkiom-mstau.) 


knI  nith<?(i1un))  U  fiui*d  with  11  pt,  rfanWo  «f 

.  itiiy  uf  wat.r,  wud  ih»  jreUow  flUralP  (after  4II 

iiliUfl  hydrTMhlofic  acid).  1*  pfMlplUtKl  by  aul. 

3i»tit]|t  m^lnljr  of  pluUinuicyaaklc  and  iriillocynHlUiB 
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but  tbifi  fiolutioD  decomposes  on  eTHporatdoQt  becoming  c&reted  witli  a  film  of  pnismaa 
blacv  and  giriiig  off  cyanogen  or  chlorine  gas,  ftcconliraff  ai  tho  cjunide  or  the  obloride 
10  in  exeess.  NeLtber  is  ferric  cyanide  obtained  bj  aadlllg  cyaniilo  of  potaannm  to 
ferric  chloride,  the  prodncts  formed  being  chloride  of  potoarium,  free  hydrocyamc  acid, 
and  A  precipitate  of  ferric  hydrate. 

Some  of  the  compotindB  ^led  prussian  bin oshjaiTe  the  composition  of  cyamdea  of 
iron,  intermediate  between  the  proto-  and  sesquicyamde ;  bat,  from  their  mode  of  for- 
mation, they  ajipeAr  rather  to  bo  double  ryunides. 

The  protocyanjde  and  sesquicyanide  of  iron  unite  with  other  metallic  cyanides^  fonn- 
ing  two  TCiy  important  groups  of  compounds,  viz, : 

Fenocyanides        4MCy.Fe'Cy»  «  M*Fe'Cy*. 

F:^?c;:J^S.°l3MCy.Fo.C^  -  M-FCCy.. 

It  will  be  seen  from  thone  furmuloe  that  the  feno-  and  ferri-cy&nidea  dlfTcr  from  one 
another  only  by  one  atom  of  mctul ;  and,  aocordingly,  it  is  fotmd  that  the  former  are 
easily  converted  into  the  hiiter  by  the  ii4*tio&  of  ojdmsing  (metal-abstiactiBg)  agenta, 
and  the  latter  into  the  formt^r,  by  the  iiction  of  reducing  (met^il-addiiig)  agent*^  Thus 
ferrocyauide  of  potasaium,  K*F^^Cy*,  is  ejisily  converted  into  the  fcrricyauide,  K'Fe^Cy*, 
by  the  action  of  chlorine,  and  many  doahle  ferroeyamdcfi  may  be  formed  from  ferri- 

cyanides  by  the  action  of  alkalis  in  presence  of  a  reducing  agent,  <r.y.    jr,  I  Fe*Cy*,  from 

K'Fo^Cy*,  by  the  action  of  ammonia  in  prosenca  of  grape^sngar.  For  the  aereral  viowa 
entertained  respecting  the  compoaitiozi  of  these  d0tu>l6  ^amdasi  aee  psge  201. 


•  X^errooyaiilile*,  M^Fe^Cy*, 

Ft*rrf>prHmatf*,  Btfdrtferrocyanates,  -  The  general  formuLiD  of  these  compotuida 
might  evrdiMidy  bo  balvcil,  and,  in  fact  it  is  oflc^n  more  convenient  to  represent  them  by 
the  wimpirr  fnrniulu^  ?il"l*i  Ty* ;  but  the  tetrabasie  formula  is  justified  by  the  eadslence 
of  doul>li>  firrncyunidrs  coutaininj^  three  ut^mB  of  one  metal  and  one  of  another,  aucb 
as  (Nir)K*Fe-Oy*;  and,  aa  already  observed,  it  has  the  advantage  of  showing  deoriy 
the  ri*Uition  between  the  ferro*  and  ft^rrieyanides. 

The  ferrocyanides  of  the  alkali-melals  are  obtained  by  neutralising  ferropnissic  acid 
witli  cau«?tic  alk^iliH  or  alkiiUne  carbonates;  by  dissolving  ppotocyanide  of  iron  in 
aqueous  solutions  of  alkaline  cyanides,  or  in  a  mixture  of  alkatine  carbonate  and  liy- 
drotyanic  acid ;  by  treating  protocyauide  of  irxm,  or  a  mixturo  of  that  compound  with 
the  H^'Hquicyiniido  (pmswan  blue),  with  ao  aqueous  alkali,  whereby  protoxide  or  se^jui- 
oxide  of  iron  is  fonin'd  ;  or  by  treatiii|T  protoxide  of  iron  witli  the  aqueous  solution  of 
the  cyanide  of  an  alkali -mot  al,  in  which  it  diswilves  with  formation  of  alkalL  The 
insoluble  ferrocyauidefl.  are  obtained  by  precipitating  a  soluble  feiT»:tcyanido  with  the 
solution  of  the  salt  of  an  earth -metal  or  a  hea^-y  metal :  e.ff*  the  eoppor-corapound: 

KTuCy»  +  Cu'SO^  -  CuToOy"  +  K*SO\ 

The  ferrocvanidea  of  the  alkali-metals  are  colourless  in  the  auhTdrons,  but  yellow  Id 
tllo  hydra  tod  stute ;  they  ezart  no  aotioii  on  Tegetuble  colotus^  haTO  a  faintly  saline 
and  bitter  taste,  and  do  not  exhibit  the  riolent  aetton  of  hydrocyanic  acid  on  the 
animal  economy*  The  ferrocyanides  of  the  eorth-metalfl  ore  white,  and  among  those 
of  the  henry  metals,  some  are  white,  while  others  arc  diatinguLihed  by  bright  coloorB. 
Honce  the  use  of  alkaline  ferrocyanides  to  diueover  the  presence  of  titanium,  tantaliuo, 
ijiolvhdenum,  uranium,  cobalt.^  nickel,  and  copper;  but  antimony,  tellnrium,  platinam, 
rhodium,  and  iridium  are  not  precipitated  liy  alkaline  ferrocyanides, 

TliOfto  ferrocyanidei?  which  are  deprived  of  all  their  water  by  a  gentle  heat,  are 
doeomffoscd  at  a  higher  tempeniture  in  the  fallowing  manner:  the  cyanide  of  iron  £a 
alwA^YN  conyi'rted  into  carbide  cf  iron,  with  evolution  of  nitrogen  gas ;  but  the  othef 
eyiiuubi  whirh  is  associated  with  it,  eitht^r  remains  uiidecomposed,  which  is  the  case 
with  rvftuiilo  of  i»ota*8ium,  or  is  resolved  into  nitrogen  and  a  metallic  carbide,  as  with 
cyanide  of  leud  ;  or  into  cyanogen  gas  and  metal,  as  with  cyanide  of  silver.  If,  how- 
evtTj  the  feiTncyanides  are  not  completely  dehydrat^'d  before  being  subjected  to 
d4«iifni*'hve  fliMtillation,  thry  give  olf  hydrocjauic  acid,  carbonic  acid,  and  ammonia, 
and  b*ave  tlm  tvro  frn'tnlji  ct^mblned  or  inuced  with  a  greater  or  smaller  quantity  of 
mrUm.  In  t}i<*  eireuit  fjf  th«  voltaic  battery,  the  aquet>ua  solutions  of  the  alkaline  ^ 
feproeyiinidef<  yt^dd  alkjUi  at  the  negative  pole,  and  hydroc^'anic  acid  and  prussian  blua 
At  tliti  |M>Nitiv«*  |M>U<,  iinle.si^  the  positive  polar  wire  is  of  copper,  in  wluch  ease  tha 
depip»ii(  Ihnrit  fiirruid  ci  hi  n  i«l  j*  ( d' cyanid  e  of  copper  (Porret  t).  When  ferrocyanides  aio  i 
UmUil  with  m\  it(  vilritd  (ou  U'mperature  much  above  100*  C,  they  give  off,  with  strong 
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I  and  carboui<?  aiihydndes»  and  nitTogen,  leaving  a  comjKinnd 

'  ^Ipliurie  iid*i  with  ammonia,  oxide  of  iroa^  find  the  oiudo  of  the  other  Toctid 

iBcnseliui).     Betides  the  gn«c«  just  mentioned,  a  large  quantity  of  carbonic  oxidt?  ta 

voh'tnl,  and  a  sin  all  quantity  of  aulphute  of  ammonium  volatilistjs  (Bun  sen,  Pogg, 

Lnn.  3nxiv.  132).     See  FEknocTANiDB  of  PoTAASiuif.     The  §tron^r  utidii  withdraw 

'de  other  meUl  man  ferroeyanides,  and  tbereliy  separiite  ftzrroprussic  acid ; 

FbTeCy*  +  iPSO*  -  H^TeCy*  +  Pb'SOS 

u  ftimtlar  pffect  is  produced  by  sulph rdric  acid,  if  the  other  metal  be  precipitable  from 
» tolulions  by  tliat  reagent.     Many  ferrocyanidps  of  heavy  metals  are  decompoaed  by 
>  alkaliB}  yielding  an  alkaline  ferrocyauide  and  a  hydrate  of  the  heavy  metal: 

Cu^FeCy*  +  2H:H0  =  E^cCy*  -^  2CuH0 

prilher  aUudiB  nor  Bulphydric  acid  decompose  the  cyanide  of  ii-on  contained  in  ferrO' 
yanidee. 

[  Most  f€itToc^anide8  unite  in  their  t»ntir<*  state  Tvith  Btrong  sulphuric  acid,  fonnlne  a 
kind  of  salt,  m  which  they  conetituto  th^  base.  Their  powder  soaked  in  ct)ld  oil  of 
pitriol  BH'c4L*  up  to  a  paaty  compound^  with  loss  of  colour,  and  conaidemble  ovolution 
T  heat,  and,  according  to  the  natnre  of  the  metiil  present^  either  dis^iolvefl  completely 
I  m  IjLTge  exceaa  of  the  acid^  or  remains  almost  undistiolved^  forniini;  a  solid  compound 
rith  it.  T|ieae  eompounda  remain  undecomposwl  even  at  temperatures  much  above 
'  "^C.  If  a  small  quantity  of  water  be  added  to  the  resulting  solntiona^  e.tf,  by  ex- 
j  them  to  die  air,  tb(>y  frequently  deposit  a  crystalline  compound,  which  contaioB 
i  «alphnnc  acid,  and  when  treated  witli  a  larger  quantity  of  water,  is  resolved  either 
pto  ferropmasic  acid  and  a  compound  of  sulphuric  acid  with  the  other  metallic  oxide, 
for  into  metallic  ferrocyauide  and  dilute  sulphuric  acid.  (BefzeliuB^  Schw.  J. 
U.) 


Fsfi&ocTANiDEOPAi.uMiNiux,  obtai  nod  by  saturating  ft-rrocy  anido  of  hydrogen 

Ip^rmprofieic  acid)  with  aliunina,  in  uncrystallisablo,  and  dccompos^pa  by  evaporation. 

FerroCTanide  of  potassium  added  to  an  alumiuium-^alt,  even  if  strongly  acidulated, 

fctfowt  down  the  whole  of  the  aluminium  in  the  form  of  a  white  precipitate,  which 

ric^ldft  by  analysis  14-87  per  cent,  aluminium,  and  2'2-36  iroUj  and  may  therefore  bo 

ntcd  by  the  formula  2Al*Cy*.3FeCy,  or  (Ali)«.Fe*Cy*  (calc,  1470  aluminium,  and 
S'5.1  ironX  which  is  that  of  a  prussian  blue  (p.  329)  in  which  part  of  the  iron  (thut 
hieli  enters  us  ftrHcum)  i«  replaced  by  an  eq^uivaleut  quantity  of  altimiiiiimL     (C. 
Tisftor,  Comptw  rend.  xlv.  232.) 

Fan  ft  OCT  AX  IDS  ofAumoxiux,  (NH*)*Fe*Cy*  +  3  aq.,  is  obtained  by  saturating 
SToprusic  acid  with  ammonia,  or  by  decomposing  ferrocyanidc  of  lead  with  Ciirbouatc 
r  smnioQia,  and  precipitating  the  filtered  solution  with  alcohol,  as  the  salt  would  be 
ompoeed  by  evaporation.  It  forma  pale  yellow,  transparent,  octahedral  crystals  of 
dimetric  system,  isoTOorphous,  or  rather  bomtcomorjjhona,  with  ferrocyauide  of 
Dlaasiam.  Oroinary  combination  P  .  oP.  3>ength  of  principal  axis  —  1*789,  Incli- 
ation  of  P  :  P  in  the  terminal  edges  =  &7*^  46';  in  the  lateral  edgt^  ^  136^  o2'. 
th»»y  are  permanent  in  the  air,  Tery  soluble  in  cold  water,  insoluble  in  alcohol. 
~  I  solution  of  this  salt  mixed  with  chloride  of  ammonium  and  concentrate!,  yielda 
*  Ind  crystaJaof  CfUan/trrort/anidr  of  ammonium,  ( NH*)*Fe*Cy*.2NH*Cl  >  3  aq., 
_  transparent,  with  a  yellowish  colour  and  glassy  lustn*,  permanent  in  the  aic 
soluble  in  water.     The  crystala  ore  sometimes  rhombohedrons  R,  tometimea 


Fiff.  360. 


Ilbrm  of  the  next  acut<*r  rhombohedron,  —  2R.  soroetimcH 
^rnbination  R  .  oR,  -2R  {Jif/.  360).  Length 
^  for  R  »  10325.     Inclination  of  the  faces 
._  the  terminal  e<:lges  of  the  hexagonal  pyra- 
btd.  -  96^^  62  ;    R  :  oR  =  V29'59;    R:  -2R  -  126°  69'; 
2R  t  oR  *=  112**  46*.     The  solution  is  decomposed  by  boil- 

and  deposits  cyanide  of  iron.     (Bunsen.) 
Th»  analogous  compound,  Bro^o^fcrrocyanid^  of  tttn/mo^ 
,  (NH*j*FeCy»  2>'H«Br  4  3  aq.  likewise  forms  rhom- 

iril  crystals  permanent  in  the  air  and  very  soluble  in 

^if^.  They  exliibit  the  same  faces  as  those  of  the  preceding  compound,  but  with  dif- 
^•nt  inclinations,  the  rhombohedron  —  2R  also  predominating.     Length  of  principal 
»  for  K  -  0-9H68.    Inclination  of  R :  R  in  tbe  terminal  edges       '^''°  ^'^'        "'^  * 
|— 2R  *s.  1b^  6'.  (Himly  and  BnnaeUf  Pogg.  Ann.  xxxviii.  20S.) 


98°  49' J  -2R: 


yrrrvcyanieU  of  Amuwnium  anil  Putatsiam,      5*,  |  FeHy.— Obtained  by  tli©  tfition 
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of  animo&ia  on  femcjaaidB  of  potaesimn  m  presBDce  of  reducing  agenba^  Bwch  as 
grap^  or  milk-eugiir : 

2K"Fe«(y  +  (NH*)«0  -  O  «  2(NH*)K*Fe*Cj«. 
Tha  ammonia  ehould  be  poiirt»d  on  u  mixture  of  about  20  pta*  femcyanide  of  potas- 
sium to  1  ptt  sugar ;  the  mixture  left  to  stand  for  some  days  in  a  loosely  stoppered 
bottlf*  and  frequently  shaken  ;  and  when  its  colour  baa  cbangied  to  a  pure  yellow,  the 
Kilt  should  be  precipitated  by  alcohol  and  recryBtallisod  from  inrater,  as  it  in  liable  to 
decompose  if  eraporated  in  presence  of  the  reducing  agent,  The  salt  forms  pale 
jellow  Bquare  nriiinuit  easily  soluble  in  cold,  and  still  more  in  hot  wiit<*r.  When  heated. 
it  gives  off  hyarocyiuiic  acid  and  cyanide  of  ammonium.  With  niBtallic  nalts  it  yields 
the  samo  precipitatos  as  ordinaiy  yellow  prussiate.  Heated  with  fijcod  aUcaIis»  it 
pros  ofTamrannift  and  yields  aalta  of  similar  constitution;  e,  ff,  with  soda,  the  salt 
K*Nal^t5^C>«.    (Reindel,  J.  pr,  Chem.  Ixv,  450.) 

Another  ferrocyanido  of  ammonium  and  potaasi^un^  (NH*)'K'Fe'Cy*,  is  obtainiKl  by 
decomposing  the  corresponding  barium-salt^  Ba*K*Fe'Cy*,  with  sulphate  of  wmnoninm ; 
or  by  action  of  ammonia  ou  fenrocyanide  of  iron  and  potuasium : 

^^*!Fe=Cy«  +  2(NH^.H.O)  «  ^j^hVI^'''^^  '^  2(FgHO). 
(Reindel,  J.  pn  Chem.  kxd^  342.) 

FERaooYANinB  OP  Babium,  Ba 'Fe-Cy*  +  6  aq. — Ob tained by  saturating  fcrro- 
pnissic  acid  with  baryta-water  or  carbonate  of  barium ;  by  decomposing  prussian  blue 
with  baiyta-watcr  at  the  boiHng  heat,  liltj^ring  at  the  same  temperatnne  and  leaving 
the  solu^on  to  cryatidlise  ;  or  by  decomposing  a  solution  of  ferrocyanido  of  potassimni 
with  chloride  of  burinm  at  tho  boding  heat,  the  latler  b^ing  used  in  considerable 
excess  (more  than  2  at.  chloride  of  barium  to  1  at  of  the  yellow  prussiat-e),  and  acain 
boiling  the  crytttalline  powder  which  separates  on  cooling,  with  chloride  of  bantiin. 
If  tho  chiorid^u  of  barium  is  not  preseut  in  considemble  exo^a,  a  double  ferrocyanide 
of  biirium  and  |)otassium  is  produced. 

Ferrocyanido  of  bsirium  may  also  be  produced  by  the  action  of  ferroaa  sulphate  on 
cyanide  of  barium  (6BaCy  +  Fe=SO*  =  Ba*Fe*Cy*  +  Ba*SO*X  which,  according  to 
Margucritto  and  De  SourdoTid  (p,  203),  may  easily  be  obtained  by  passing  «  current 
of  air  over  an  ignited  mixture  of  charcoal  and  carbonate  of  barium.  If  this  proceas 
should  fulfil  the  expectations  of  its  authors,  ferrocynnide  of  barium  may  take  the  place 
of  tlie  poUissiura-salt  for  the  preparation  of  certain  ferrotyanides  used  in  the  arts, 
being  ea-sily  conTerted  into  fyrroprusaic  acid  by  the  action  of  dilute  sulphuric  acid,  into 
prusBian  blue  by  ferric  salts,  &e. 

Perrocyanide  of  barium  crystaUisea  in  fattened,  oblique,  rectangular,  monodinio 
prisms,  yellow,  non-effl orescent,  soluble  in  584  pts,  of  cold  and  116  pts,  of  boiling 
water  (Buflos).  At  40°  C,  they  give  off  yi  of  their  water,  and  become  will  to  ajid 
opaque,  the  remaining  ^  not  being  evolTcd  till  the  s^ult  begins  to  decompose.  At  a 
red  heat,  it  gives  off  nit4x>geii,  and  leaTes  a  mixture  of  oarbide  of  iron  and  carbide  of 
barium,  or,  if  in  contact  with  the  air,  amixturo  of  ferric  oxide  and  carbonate  of  bariam. 
On  piu^sing  chlorine  through  tho  aqueous  solution,  it  becomes  turbid,  acquires  a 
grecnish^yellow  coh^ur,  deposits  a  greeo  powder,  then  becomes  brown  and  dafk*red, 
and  is  docomjKJsed  by  evaporation,  depositing  a  bluish- wMto  powder,  but  no 
crystals. 

FtTrocyanide  qf  Barium  aiid  Potassium^  {Ba'K')Fe'Cy* 
+  3  aq.,  is  produced  by  mixing  tho  boiling  concontrated 
flolutioos  of  2  pts.  ferrocyjinide  of  potassium  and  1  pt. 
chloride  of  biinum,  and  ctyet^illiscs  on  cooling  in  small, 
light-yellow  rhomlx>hedrons,  truncated  by  the  face  oR. 
Length  of  principal  axis  *-  r670.  Inclination  of  R  :  R 
in  terminal  edges  =  08°  33';  It :  oR  -  118^  63*. 

The  ciyatuls  dissolye  in  3B  pts.  of  cold  and  d*&  pts,  of 
boiling  water. 

By  treating  the  solution  of  this  salt  with  soluble  sul- 
phates, a  number  of  other  double  ferrocvanides  containing 
potassium  may  be  obtained ;  thus,  ivith  sulphate  of  am- 
monium : 
Ba'KJFeK]j'  +  (NH^)»SO^  =  Ba^SO*  +  (NH^j^K^Fc'Cy*.     (ReindeL) 

The  acid  milphates  of  the  alkali*metiik,  in  presence  of  an  oxidising  substance^  oon»^i 
vert  it  into  ferricyanides  of  alkali-mettd,  thus  : 

2Ba'K^e-Cy*  +  2KHS0<  +  O  =  2K«FeK}y«  +  2Ba«S0*  +  H^-0. 

(Reindel,  J.  pr,  Chom.  btxvi.  342.) 


Fig.  361. 
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FsBBOCTANiDX  OF  B18XUTH. — ^Nitrate  of  bismuth  forms  with  fBrrocjanide  of 
potassium  a  white,  yellowish-white,  or  yellow  precipitate,  which  afterwards  turns  green. 
It  dissolves  in  nitzic  acid,  and  is  precipitated  therefirom  by  water. 

Fbbbootamxdx  or  Cadmium  is  a  white  precipitate  soluble  in  ammonia. 

FsBBCCTAiriDB  OF  Calcium,  Ca*Fe»Cy*  +  12  aq.,  obtained  by  boiling  prussian 
blue  with  milk  of  lime  not  in  excess,  evaporating  the  filtrate  to  a  syrup,  and  leaving  it 
to  dystallise,  forms  large  flattened  rhombic  prisms,  of  a  light  yellow  colour,  veiy 
bitter  and  disagreeable  t^rte,  veiy  soluble  in  water,  insoluble  in  alcohol. 

Prussian  blue,  boiled  or  digested  with  excess  of  lime,  yields  basic  compounds,  or 
oryferrocyanides  of  calcium,  (Gm.  vii.  482.) 

Ferrocyanide  of  Calcium  and  Potassium,  (Ca*K*)Fe*Cy'  +  3  aq.,  is  obtained  as 
a  yellowish-white  crystalline  precipitate  on  adding  ferrocyanide  of  potassium  to  a 
aomtion  of  a  calcium-salt,  not  too  dilute. 

Fbbboctanidb  of  Cbbivm. — ^White  precipitate. 

Fbbbootanidb  of  Cobalt,  Co*Fe*Cy*. — Pale  blue  hydrated  precipitate,  which, 
when  carefully  heated,  gives  off  the  greater  part  of  its  water,  and  assumes  a  dark  greeu 
edour.  If  it  be  then  heated  to  360°  C,  it  becomes  light  green,  giving  off  water  and  a 
small  quantity  of  cyanide  of  ammonium.  When  more  strongly  heated  in  a  close  vessel, 
it  gives  off  nitrogen,  and  leaves  a  mixture  of  the  carbides  of  iron  and  cobalt,  which 
g^ws  when  raised  to  a  higher  temperature.  The  compound  dissolves  easily  in  strong 
sulphuric  add,  forming  a  red  liquid,  which,  after  some  time,  deposits  sulphate  offerro* 
evanide  ofeobalt,  as  a  rose-coloured,  oystalline  powder,  which  is  decomposed  by  water 
(^erselius).  Ferrocyanide  of  cobalt  dissolves  in  ammonia  and  in  car  Donate  of  am- 
Bionia  (Wittstein),  not  in  sal-ammoniac.    (Brett.) 

Fbbboctakidbs  of  Coppeb.  Cuprous  Ferrocyanide,  Ccu*Fe*Cy*. — Ferro- 
^anide  of  potassium  added  to  a  solution  of  cuprous  chloride  in  hydrochloric  acid,  throws 
^wn  white  flakes,  which,  when  exposed  to  the  air,  or  to  the  action  of  chlorine-water, 
become  purple-red,  and  are  converted  into  cupric  ferrocyanide  (Proust).  Cuprous 
ferrocyanide  is  likewise  obtained  by  the  action  of  acids  on  the  following  compound 
(Schulz).    It  dissolves  in  ammonia,  but  not  in  ammoniacal  salts.     (Wittstein). 

FotoMsio^uprous   Ferrocyanide,  Cu*KTe«Cy«  +   3aq.  =.  ^^j|Fe«Cy«  -»-  3aq.— 

When  precipitated  cupric  fenocnranido  is  added  to  a  solution  of  cyanide  of  potassium, 
cyanoffen  is  evolved,  and  a  light  j^ellow  solution  is  formed,  which,  if  the  cyanide  of 
potassium  is  not  in  excess,  deposits,  first  a  deep  red  precipitate,  and  after  filtration, 
smaO  square  prismatic  crystals,  of  a  da>k  red-brown  colour,  and  having  the  composition 
indicated  by  the  above  formula.  This  compound  is  more  easily  obtained  by  dropping 
a  solution  of  cupric  sulphate  into  a  mixture  of  cyanide  and  ferrocyanide  of  potassium, 
then  heating  the  liquid  and  leaving  it  to  itself.  The  crystals  give  off  water  at  100°  C. 
and  turn  black ;  the^  are  insoluble  in  water,  ether,  and  alcohol,  but  soluble  in  cyanide 
of  potassium.  Boibng  water  decomposes  them,  with  formation  of  ferrocyanide  of 
potassium.  Acids  also  decompose  them,  separating  white  cuprous  ferrocyanide.  (C. 
Schnls,  J.  pr.  Chem.  IxviiL  257.) 

Cyanide  of  Potassium,  Cuprosum  and  Ferrosum,  (K'Ccu*Fe*)Cy^  +  4  %.(]. — ^A  liquid 
oonsistiiig  of  cyanide  of  potassium  and  sulphate  of  copper  containing  iron,  which 
had  been  used  for  coppering  by  electrolysis,  and  had  stooa  for  a  long  time  in  an  im- 
pc^ecUy  closed  vessel,  was  found  to  have  deposited  brown-red  octahedral  crystals, 
resembling  chrome-alum,  and  agreeing  in  composition  with  the  above  formula.  The 
same  salt  was  obtained,  in  the  form  of  a  chocolate-coloured  powder,  by  boiling  cuprous 
cyanide  with  solution  of  ferrocyanide  of  potassium,  and  leaving  the  liquid  to  cooL 
(Bolley  and  Moldenhauer,  Ann.  Ch.  Pharm.  cvi.  228.) 

According  to  Moldenhauer^s  analysis,  the  crystals  contain  4  at.  water ;  according  to 
W.  J.  Wonfor  (Chem.  Soc  J.  xv.  357),  they  contain  5  at.  water,  and  have  the  foni^ 
of  the  cabo-octahedron  {fig,  176,  p.  124). 

[For  Kuhn's  experiments  on  the  action  of  ferrocyanide  and  ferricyanide  of  potassium 
on  the  oxides,  sulphides,  and  cyanides  of  copper,  see  Ann.  Ch.  Phurm.  Ixxxvii.  127.] 

Cuprie  Ferrocyanide,  Cu*Fe*Cy*. — ^Ferrocyanide  of  potassium  added  to  excess 
of  a  cupric  salt  forms  a  dark  purple-red  precipitate.  The  liquids,  if  concentrated, 
solidify  in  a  magma  when  stirred ;  if  more  dilute,  they  yield  thick  flakes ;  and  if  veiy 
dilute,  the  mixture  assumes  a  beautiful  red  colour.  This  precipitate,  even  when  a 
large  exeew  of  copper-salt  is  used,  carries  down  with  it  a  large  quantity  of  ferro- 
cyanide of  potassium,  which  cannot  be  removed  by  washing.  If,  therefore,  the 
precipitate  be  suspended  in  water,  and  decomposed  by  sul^urettad  hydrogen  — 
which  takes  a  long  time — a  strongly  acid  liquid  is  obtained  which,  like  ferroprussie 
add,  depodtt  prossian  blue  on  exposure  to  the  air,  and  forms  a  blue  predpitate  with 
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ferric  saltji,  hut  is  not  pwcipiuted  by  ether,  exc(^pt  on  addition  of  hydrochloric  acid. 
It  coDtuins  H'KPe^Cy"  (WiUiamaDn.  Ann.  Ch.  Pharm.  Ivii.  246).  According  to 
Ifi&mmel&bprg  ^Pogg.  Ann.  Ixxir.  05),  acetate  or  8iilpliiit«  of  copper  mixed  with  ferro- 
pmasic  acid  yields  pore  ferrocyaaide  of  copper,  which,  after  drying  over  stilphnric  acid, 
contains  Cn*FeK/y*  +  7  aq.. ;  according  to  Monthiera,  however^  it  contains  C?u*F8*Cy* 
+  9  aq. 

The  salt  givei  up  only  a  part  of  its  water  when  gently  heated^  and  at  a  stronger 
heat  evolves  hydrocyanate  of  ammonia  aa  well  a»  watt^r  (Vanqnolin),  also  carbooat^ 
of  ammonia  and  nitrogen  gas  (BerEelius).  The  residua,  if  more  strongly  heated  in 
a  ivtotty  exhibits  a  faint  glow,  and  appears  afterwards  to  bo  compo«M  of  I  at  bicar- 
bide  of  iron  aud  2  aU  moAocarbide  of  roppcr  (Berzelius).  Aqneous  potash  decom- 
poaes  the  salt,  produeing  ferrocjanide  of  potassium  and  hydmfed  cnpric  oxide  (Ittner). 
In  oil  of  vitrioL  which  dissolves  but  little  of  it,  the  salt  assumes  a  greenian  yellow^ 
whit«  colour ;  hut  on  subsequent  immersion  in  water,  which  withdraws  the  sulphimc 
acid,  it  resumes  its  dark  red  colour  (Berzelius).  It  is  insoluble  in  wat«rand  in  acids* 
which  do  not  decompose  it;  also  insoluble  in  ammoniacal  salts*  (Brett,  Wittstein.) 
It  dissolves,  however^  in  aqueous  ammonia,  forming  a  colourless  solution^  which,  on 
evaporation  leavea  the  cupric  ferrocyanide  with  its  original  colour^  Thia  reaction 
affords  tha  means  of  detecting  extremely  small  quantitiea  of  ooppoPi  <sren  when 
associattHl  with  nth er  m etaia.    ( W  ar  i  n  g t  o n.     See  p,  56. ) 

Diammonio'^cuprie  Ferroctfanide^  4NH*-Cu*Fe*Gy*  +  aq.,  or  Ferroeuamde  of  Cu- 
pramjjwfuum^  (NH'Cu)*.Fe*Cy*  +  aq. — Produced  by  adding  ferrocyanide  of  potusaium 
to  a  solution  of  nitrate  of  cuprammoniaim  (or  of  any  cupnc  salt  containing  suflScient 
ammonia  to  form  a  clear  solution).  It  is  a  pale  yeUovir  crystalliuo  preeipitute,  soluble 
in  free  ammonia,  insoluble  in  watar  or  alcohoL  Dilute  acids  withdraw  the  ammonia, 
leaving  red-  brown  cupric  ferrocy anida,  (M  o  n  t  h  i  e  ra,  J.  Ph&rm.  [3]  xL  24 9 ;  B  li  n  s  <;  n , 
Pogg,  Ann.  Txxi>«  134.) 

thiammtmio^uprw  Ftrrocji/anidr,  8NH'.Cu*Fe-Cy*,  or  Ftrrocyanide  of  Ammo-cu- 
prammonium^  P^»H"(NH*)Cui*Fe*Cy* — Cupric  ferrocyanido,  or  the  preceding ammonin- 
oomponnd  in  tiie  moist  stat^?,  absorbs  ammoniacal  gii3,  assuming  a  green  colour  and 
being  converte*!  into  the  octammomo-comfwund.  The  latter  is  very  unstable,  turning 
yeUow  and  giving  off  half  its  ammonia  on  exposure  to  the  air»     (Monthiers.) 

PoimHo-cu^ric  Ferrocyanide^  Cu^K*Fe*Cy* — Produced,  according  to  Mosander,  l>y 
adding  a  cupnc  salt,  drop  by  drop,  to  excess  of  ferrocyanide  of  potassium.  [According 
to  Kammelsberg,  howeveTi  (Pog^.  Azm.  bnciv.  06),  the  precipitate  thus  formed  con- 
tains water  and  is  composed  aoooraSng  to  the  improbjihle  formula  Cu*Fe'Cy».K*Fe'C;^* 
-I-  2  aq.  When,  on  the  other  hand,  the  ferrocyanide  is  dropt  into  excess  of  the  cupric 
salt,  the  precipitate  has  the  compoaition  2(Cu'K'F©*Cy*,  aq.)  +  9(Cu*FoK;y*.  7  aq.) 
Jahresben  d.  Cbem.  1847-8.] 

The  compound  Cu'E^e^Cy*  also  oonstitutes  the  dark  red  precipitate  mentioned  as 
produced  in  the  preparation  of  potaaaio-cuprous  cyanide,  when  a  comparatiYcly  small 
quantity  of  cyanide  of  potassium  is  used.     (Schuls.) 

The  corresponding  sodium  and  ammtmium  compoands  sre  obtained  in  like  manner. 
The  latter,  Cu*(NH'*)*Fe*Cy\  is  a  scarlet  oystalline  body,  which  turns  brown  on  dry- 
ing.   (Schuix.) 

FsMBOCTANini  or  Etrti^  {C7'H')*Fe'C3r*. — When  hydrochloric  acid  gas  is 
passed  into  a  weU  cooled  alcoholic  solution  of  ferroprusAic  add^  oolouilesa  a^j^itals  are 
obtained  which,  aft<*r  drying  for  a  certain  time  over  lime^  oonatat  of  (C'H*)*Fe*Cy* 
+  2C*H*Cl  +  6  aq.  Their  concentrated  alcoholic  solution,  mixed  with  ether,  deposits 
nacrf*ous  ciystab  of  pure  ferrocyanide  of  ethyl.  (C*H*)'Fe'Cy*  -♦-  6  aq.  Botii  compounds 
become  anhydroiia  by  eontiuued  exposure  over  lime.  The  corresponding  methyl  and 
am^/-oompounds  appear  also  to  exist.     (H.  Buff,  Ann.  Ch.  Phaim.  z:cL  ^3.) 

Ferrogtanidb  or  Htdboosn.  Fcrropruttic  or  H^dro/erroeyanie 
acid,  H*Fe*Cy*  =^  4HCy.2FeCy.  FerrureiUd  Chtfa:ne  acid.  Eisenblavgdure,  IFiw- 
*rrgtoffriMencyafiur^  Ferrocyanwasserstq^sdure,  This  acid,  discovered  by  Porrett 
(Phil,  Trans,  1814,  p.  ft2f)v  is  obtained  by  decomposing  ferrocj-anide  of  barium  with 
sulphuric  acid,  ferroc^nide  of  potassitmi  with  tartaric  acid,  ferrocyanide  of  lead  or 
copper  with  aolphydnc  acid,  or  pmssian  blue  with  Tery  strong  hydrochloric  acid ; 

F«*'Cy"  +  12Ha  =  3H«Fe*Cj«  +  4Fe*Cl*. 

A  good  method  of  preparing  it  is  to  dissolv©  ferrocyanide  of  potassium  in  a  small 
quantity  of  water,  boil  the  solution  to  expel  the  air,  leave  it  to  cool  in  ft  stoppered 
bottle,  then  mix  it  with  strong  hydrochloric  acid,  also  freed  finom  air,  and  shake  up  the 
liquid  with  ether.  The  ffrropmssic  acid  is  then  pftHjipitatM  in  thin  white  scales* 
which  may  1^  collected  on  a  filter,  washed  with  ethei^aloohol,  pr««sed,  and  dried  in  vacuo 
OTer  suipburid  acid  (Posaelt^  Aon.  Ch.  Pbann.xlii.  163>    It  is  better  to  separate  the 
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acid  from  its  solution  by  precipitation  with  ether  than  by  evaporation/  as  the  solution 
decomposes  when  exposed  to  the  air.  If  the  aqueous  solution  of  ferrocyanide  of  potas- 
nun  be  miked,  first  with  ether,  and  then  with  hydrochloriQ  acid,  the  ferropmssic  acid 
separates  perfectly  white,  and  may  be  dried  without  becoming  coloured.  It  may  then  bo 
farther  purified  by  pressure,  solution  in  alcohol,  and  precipitation  with  ether  (DollfiLB). 
Kuhlmann  prepares  fenoprussic  acid  on  the  large  scale  by  decomposing  ferrocyanide 
of  barium  witn  an  equivalent  quantity  of  sulphuric  acid.  The  clarified  solution  is 
preserved  in  well  closed  stone-ware  jars  and  sent  in  that  state  into  the  market 

Ferropmssic  add  crystallises  in  white  grains  or  small  interlaced  needles:  larger 
orystals  are  deposited  from  an  alcoholic  solution  covered  with  a  layer  of  ether.  It  is 
easily  soluble  in  water  and  alcohol,  insoluble  in  ether.  When  exposed  to  the  air,  it 
absorbs  o^gen,  even  at  ordinary  temperatures,  and  more  quickly  when  heated,  hydro- 
cyanic add  being  set  free  and  prussian  blue,  Fe^*Cy",  deposited: 

7H«FeKy  +  0»  -  24HCy  +  2HH)  +  Fe"Cy". 

(Beiman  and  Car  ins,  Ann.  Ch.  Pharm.  cxiii.  39.) 

This  reaction  is  applied  to  the  production  of  prussian  blue  in  calico-printing.  The 
pattern  is  printed  wiUi  a  mixture  of  ferrocyanide  of  potassium  with  tartaric  acid,  or 
with  sulphuric  add  and  alum,  and  exposed  to  the  action  of  a  hot  steam-bath.  In  this 
treatment^  fenoprussic  add  is  first  set  free,  and  then  decomposed  in  the  manner  just 
chained. 

Ferropmssic  acid  is  a  strong  add,  having  a  sour  taste,  reddening  litmus,  and 
deoompoeing  carbonates  and  acetates  without  the  aid  of  heat:  it  even  decomposes 
tartrates  and  oxalates.  With  most  metallic  salts  it  acts  in  the  same  manner  as  ferro- 
cyanide of  potassium.  Heated  with  mercuric  oxide,  it  yields  cyanide  of  mercury  and 
protocyanide  of  iron : 

H«FeKy  +  2Hg"0  -  2Hg''Cy«  +  2FeCy  +  2H«0 ; 

but  the  fenous  cyanide  is  immediately  oxidised  by  the  excess  of  mercuric  oxide,  with 
•eparation  of  metallic  mercury. 

Fenoprussic  add  is  tetrabasio,  as  appears  from  the  constitution  of  some  of  the 
double  fenocyanides ;  e.  g.  K*(NH*)Fe*Cj^,  and  from  the  relations  between  the  ferro- 
and  ferriqranides  (p.  222). 

Fbbboctamidb  of  Ibom.  Fbbbio  Fbsbootanidb,  Fe'Cy*  +  9  aq.,  or 
nther  Fe>H:Jy"  +  18  aq.  -  (Ffe'^'FeKJy'*  +  18  aq.  -  fe«Fe*Cy»  +  6  aq.*— This  is 
one  of  the  compounds  designated  by  the  common  name  of  Prussian  blue.  It  is  obtained 
in  the  pore  state  by  predpitating  fenoprussic  add  with  a  ferric  salt : 

3H«Fe«(y  +  4Fe«a«        =  12HC1   +  Fe»*Cy»« 
or  3H*Fe^  +  2Fe*(SCM)»  -  6H«S0*  +  Fe»*Cy>«. 

The  same  predpitate  is  formed  by  adding  ferrocyanide  of  potassium  to  a  ferric  salt, 
the  latter  being  in  excess;  it  always  carries  down  with  it  a  certain  quantity  of  the 
alkaline  ferrocyanide,  which,  however,  may  be  removed  by  digestion  with  the  ferric 
■alt  and  subsequent  washiog.  If,  on  the  contrary,  the  ferric  salt  be  added  to  excess 
of  the  alkaline  ferrocyanide,  a  mudi  larger  quantity  of  the  latter  is  carried  down  with 
the  predpitate^  and  cannot  be  completely  separated  by  any  amount  of  washing 
(p.  229). 
The  pure  ferric  ferrocyanide  obtained  as  above  is  sometimes  called  Pari$  blue. 
Feme  fenocyanide  is  likewise  produced  by  the  following  reactions 

0.  By  predpitating  a  fenoso-ferric  salt  with  cyanide  of  potassium : 

9KCy  +  8Fea  +  2Fe«a«  -  9KC1  +  Fe»Cy»; 

if  the  izon-flolution  contains  a  larger  proportion  of  ferric  salt,  the  excess  of  the  latter 
does  not  appear  to  alter  the  character  of  the  precipitate ;  but  if  the  ferrous  salt  is  in 
excess,  the  predpitate  will  have  a  different  character,  approaching  to  the  compodtion 
of  fenons  fezricyanidd,  or  Tumbull*s  blue.  (See  FsBwcTAiriDBs.) 

b.  By  mixing  hydrocyanic  add,  first  with  potash,  then  with  a  ferroeo-ferric  salt, 
and  then  with  excess  of  hydrochloric  add.  In  this  case,  fenocyanide  of  potassium  is 
first  formed,  and  this  with  the  ferric  salt  present  forms  pmssian  blue.  Tnis  is  one  of 
the  chief  tests  for  hydrocyanic  acid  (p.  218). 

c.  By  immeraing  recently  predpitated  ferroso-ferric  hydrate  in  hydrocyanic  add. 

d.  Br  immersing  ferrous  cyanide  in  a  solution  of  a  ferric  salt^  which  is  thereby 
ledoced  to  a  ferrous  salt : 

9FeCy  +  2FeKn«  -  6FeCl  +  Fe»Cy». 

•  FfB  a  Fa*  s  66 ;  /r  s  |Fe  B  18}. 
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«.  Bj  the  aclioD  of  air,  chloriBe-water^  or  other  oxidising  ig«Qta^  on  fbrroos  cy^smde : 

ISFeCj  +  0*  -  re»*Cy»»  +  Fe^O*; 

or,  on  ferrocjanidQ  of  hydrogen : 

7H*FeKy  +  0*  ^  Fe"Qy"  +  24HCy  +  2H^; 

or,  on  ferro<7axude  of  iron  lAd  potassitun  (the  white  precipitate  formed  hj  addliig 
feoocjanide  of  potasuiUQ  to  a  fezrooa  salt),  probably  thiu  : 

6(K«F6^FeK?T«  +  0»  ^  Fe»Cy»  +  3K*Fe*Cy  +  FeW. 
FerTocfnLide  of  Iroik  PnuiUo  FrrriicTsnfds        FerHe 

_^  .  ...„_  of  potwium.  ■ 


blue. 

It  is  chiefly  by  this  last  reactioti  that  pruasijm  blue  ia  prepared  on  the  laige  aeala, 
ferrocyamde  of  potassiiim  being  first  precipitate^  hjierroxa  aiijphate,  and  the  resulting 
whit*  or  li«ht  blue  ppecipitat*  either  left  to  oxidise  bv  contact  with  the  air,  or  unl^ 
jected  to  tie  action  of  nitric  acid,  chlorine^  hypochloritea,  chromic  acid,  &c  The 
product,  howeTcr*  is  not  pur©  ferric  ferrocyiuiidc ;  for  it  ia  certain  that  another  and 
simpler  reaction  takes  place  at  the  s&mc  time,  by  which  the  fczrocjanide  of  iron  and 
poUsatnm  ia  Gonverted,  by  the  abstraction  of  1  aL  potaasiam,  into  ferricyanide  of 

iron  and  potaaaiom,  p^[FeH?y*,  which  al^o  powewiea  afina  deep  blue  colour.  Com- 
mercial pmanan  bine  ia  therefore  generally  a  mixtnro  of  thia  compound  with  ferric  ferro- 
CTaQ]de»  Fe'Cy*,  the  one  or  the  other  predominating  aooording  to  the  manner  in  which 
the  proceaa  la  cson  ducted,    (See  PnrssiAx  BLtja,) 

Feme  fcrrocTonide  fonna»  when  dry,  a  dark  bine  mass,  having  a  strong  coppeiy 
hiakra  and  concLoTdid  fractnre.  It  cannot  be  dehydrated  by  heat,  as  it  i»  thereby  de- 
oompoeed,  giving  off  hydrocyanic  acid  and  leaving  ferric  oxide.  Heat^  in  contact 
with  the  air,  it  takes  fire  and  bums  like  tinder^  leaving  ferric  oxide; 

It  ia  infloluble  in  water,  akoliol,  ether,  and  oils,  and  is  neither  dissolved  nor  decom- 
posed bv  dilute  mineral  adds.  It  dissolres  with  violet  colour  in  tartrate  o/ammoma, 
and  with  blue  colour  in  oxalic  acid.  This  latter  solution  may  be  used  as  a  blue  ink; 
it  in  prepared  by  triturating  prosdiui  blue  with  1  or  2  pts.  of  crystallised  oxalic  acid 
and  a  small  quantity  of  cold  water  till  it  forms  a  thick  paste^  which  may  he  dissolved 
in  a  larger  quantity  of  water. 

Immersed  in  cold  atxong  ttdphutic  acid^  it  is  converted  into  a  white  pasty  mass, 
without  evolving  hydrocyanic  acid  or  giving  up  iron;  the  addition  of  water,  alcohol 
or  even  ether,  restores  the  blue  colour  without  contact  with  theair(Eobiquet),  Tba 
white  paa^  mass  does  not  dissolve  in  excess  of  sulphuric  acid ;  when  dried  in  vacuo 
on  a  porons  tile^  it  leaves  a  white  pasty  amorphous  powder  culled  sulpkatt  of  pnttsktn 
blue,  wki<*h  is  immsdiately  decomposed  by  water  into  prusaian  blue  and  dilut«  snlphunc 
acid,     (Berzelina,) 

Strong  nitric  or  sulphuric  acid  heated  with  ferric  feirocyanide  decompoaes  it  by 
oxidatian.  Strong  hydrochloric  add  gradually  decompoMS  it,  abstracting  the  iroo  in 
the  form  of  ferric  chloride^  and  the  residue,  if  continually  treated  with  £>^  qoantitLas 
of  acid,  ultimately  coosifita  of  ferrocyanide  of  hydrogen : 

Fe"Cy"  +  12HC1  -  4Fe^»  +  3HTe'Cy». 

Chhfine-V!}attr  converts  feme  f<3TOCTanide  into  a  green  compound,  which  turns  blue 
in  contact  with  ferrous  or  stannoua  chloride.  Ferric  ferrocyanide  boiled  with  mercurie 
oxide  yields  cyanide  of  mercniy  and  ferroso-ferric  oxide  : 

Fe"Cy"  +  SHg^O  ^  9Hg"Cy'  +  3FeK),2Fe*0*. 

The  J^xed  alkalis,  and  magnesia^  m  presence  of  water,  decompose  ferric  ferrocyanide^ 
eipemllj  with  aid  of  heat,  forming  an  alkalino  fezroeyanide  and  ferric  hydrate : 

Fe»*Cy»"  +  12KH0  -  SK^o^Cy*  +  4Fo»HK^. 

The  earbofuiirB  o/potasnum  and  Modium  act  in  a  similar  manner,  but  less  powerfully. 
Ammonia  at  fiiwt  unit-es  with  ferric  ferrocyamde,  but  afterwarda  decomposes  it,  fonning 
a  ^yish-brown  basic  compound,  which  again  yields  prusaian  blue  when  treated  with 
acidft.  I/imf  also  boiled  with  ferric  ferrocyanide  forms  a  similar  basic  compound,  bat 
of  a  light  yellow  colour. 

Aqneous  au/phydric  acid  decomposes  ferric  ferrocyanide,  forming  fearotts  cyanide  and 
feiropmsslo  acid,  with  separation  of  sulphur: 

Fei*Cy»*  +  2n'S  ==  H'Fe'Cy  +  I2FeCy  +  S«* 

Ii^n  or  an  fiings  pUced  in  contact  with  it  under  water,  withdraw  part  of  the 
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CTssogen  and  oonrert  it  into  white  ferrous  cyanide.  Ciqtromi  ddoride  also  turns  it 
vhite.  Boiled  with  a  polyntlphide  o/potauiumj  it  yields,  acoozding  to  Porrett,  solpho- 
cranate  of  potassiom,  a  sulphide  of  iron  being  probably  formed  at  the  same  time;  e,g, 
Fe»H}y»  +  9K«S»  =  ISKCyS  +  Fe>^S». 

Soluble  Prussian  blue,  —  When  ferric  chloride  is  added  to  excess  of  ferro^anide  of 
potassinni,  a  dark-Uae  precipitate  is  formed,  which  is  insoluble  in  the  saline  liquid, 
bat  gradually  dissolyes  during  washing  the  water  acquiring  a  blue  colour,  which 
becomes  deeper  as  the  soluble  salts  are  remoTed.  This  precipitate  contains  potassium, 
which,  indeed,  is  found  both  in  the  wash-waters  and  in  the  residue,  even  after  the 
washing  has  been  continued  long  enough  to  dissolve  out  a  considerable  portion  of  the 
precipitate.  This  is  the  soluble  prussian  blue  of  Berseh'us  and  Bobiquet;  it  is 
usually  regarded  as  ferric  ferrocyamde,  retaining  a  certain  and  sometimes  a  consider- 
able quantity  of  ydlow  prussiate,  whidi  is  gradually  dissolved  out  during  the  washing, 
and  renders  the  precipitate  also  soluble  (Sm,  vii.  440).  Kelnil^  however  (Lekrbuch 
d.  org.  Ckem,  L  327X  considers  it  improbaole  that  this  should  be  the  case,  seeing  that 
a  larger  quanti^  of  the  vellow  prussiate  renders  the  predpitete  insoluble.  He  con- 
siders it  more  probable  that  the  precipitate  consists  of  femcyanide  of  iron  and  potas- 
sium (£lFe*)Fe*Cy*.  The  greatest  degree  of  solubility  is  said  to  be  obtained  by  preci- 
pitating 1  at.  ferrocyanide  of  potassium  with  a  solution  of  ferric  iodide  containing 

1  at  or  rather  more  of  iodine.  (Wagner's  Jahresbericht  d.  Chem.  Technologies 
1858,  iv.  p.  194.) 

Amm  onto 'ferric  Ferrocyanide,  GNH'J'e^Cy"  +  9H*0,  or  Ferrocyanide  of 
ferrieuM  uid  ferrieammonium  2  (  fel^®^)  "*"  3HH>.— This,  according  toMon- 
t  h  i  er  s  ( J.  Fharm.  [3]  ix.  26),  is  the  first  product  of  th«  action  of  ammonia  on  ferric  ferro- 
cyanide, the  ultimate  products  being,  as  already  observed,  ferric  oxide  and  ferrocyanide 
of  ammonium.  The  beet  mode  of  preparing  it  is  to  pour  an  excess  of  ammonia' into  a 
solution  of  protochloride  of  iron,  and  throw  the  whole  on  a  filter  resting  in  a  funnel, 
the  neck  of  which  dips  into  a  solution  of  ferrocyanide  of  potassium.  As  soon  as  the  two 
liquids  mix,  a  perfectly  white  predpitete  is  formed,  which  turns  blue  in  contact  with 
the  air.  This  predpitete  is  digested  with  tartrate  of  ammonia,  to  remove  the  ferric 
oxide  likewise  produced  in  the  reaction,  the  whole  being  kept  for  some  hours  at  a 
temperature  of  60^  to  80^  C,  and  the  predpitate  then  washed  with  distilled  water. 
The  first  product  formed  is  white  cyanide  offerrosammomum  : 

8K*FeKy  +  12Fea  +  18NB?  -  12Ka  +  18NH»FeCy; 

and  this  when  exposed  to  the  air,  takes  up  oxygen,  gives  off  ammonia,  and  is  converted 
into  ammonio-ferric  ferrocyanide  and  ferric  oxide : 

18NH»FeCy  +  0«  -  12NH»  -  6NH».Fe»«Cy»«  +  Fe*0«. 

It  is  a  blue  powder  with  a  tinge  of  violet  It  begins  to  give  off  prussic  add  at  100^  G.» 
bat  retains  ito  colour  up  to  160^,  below  which  temperature  no  ammonia  is  evolved. 
It  is  altogether  more  steble  than  ferric  ferrocyanide,  not  being  attacked  by  tartrate  of 
ammonium  either  at  ordinary  or  at  higher  temperatures.     (Monthiers.) 

Potassio-ferrous    Ferrocyanide,     K«Fe*Cy«   =  ^,|Fe«Cy<.  — This  is  the 

white  (or  yellow)  insoluble  substance  formed  when  ferrocyanide  of  potessium  is  dis- 
tilled with  dilute  ^sulphuric  add  for  the  preparation  of  hydrocyanic  add  (Everitt, 
PhiLMag.  [3]vi.  97): 

2K*Fe«Cy  +  3H»S0*  -  3K«S0*  +  6HCy  +  K«Fe«Cy«. 

It  is  also  produced  on  adding  ferrocyanide  of  potassium  to  a  solution  of  a  ferrous  salt 

2Fea  +  K<Fe«Cy«  -  K«Fe*Cy«  +  2KC1; 

the  reaction  consisting  simply  in  an  interchange  between  2  at  iron  (ferrosum),  and 

2  at  potassium.  If  the  ferrous  salt  is  quite  free  from  ferric  salts,  and  the  air  is  com- 
pletely excluded,  the  predpitete  is  white,  but  it  quickly  turns  blue  in  contact  with  the 
air.  The  solution  of  ferrous  sulphite  and  hyposulphite  obtained  by  immersing  dean 
iron  wire  in  aqueous  sulphurous  add  contained  in  a  dosed  vessel,  gives  with  ferro- 
cyanide of  potassium  a  perfectly  white  precipitete. 

By  the  action  of  the  air,  nitric  add,  and  other  oxidising  agents,  potassio-ferrous 
ferrocyanide  is  converted  partly  into  ferricyanide  of  iron  and  potassium  (William- 
son), partly  into  ferric  ferrocyanide.    (See  p.  228.) 

Fbbboctanidb  of  Lbad,  Fb*FeKJy*  +  3  aq.,  is  obtained  as  a  white  predpitete 
QB  Hii^'tig  the  solutions  of  nitrate  of  lead  and  ferrocyanide  of  potassium.  It  gives  off  all 
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its  wat<5r  when  gently  heated.  The  anhydroiis  Bait  ignited  in  a  close  veesel  gives  off 
nitrogen,  and  leaves  ft  mixture  of  carbide  of  lead  and  carbide  of  iron,  which  burns  like 
tinder  when  gently  heated  in  contact  with  the  air.  The  hydnitcd  salt  suddenly 
exposed  to  a  strong  h©at|  girea  off  water^  carbonic  acid,  and  cjunide  of  ammonium. 
The  salt  is  decomposed  by  dilute  ffulpburic  acid,  and  by  aqueous  PuJphjdric  acid,  yielding 
ferroprussic  acid*  Heated  in  aulphydric  add  ^^  it  iu  resolved  into  sulphide  of  Imd, 
Bulijhide  of  iron  and  by  tlrocyanic  acid  (B  erzel  m  s).  It  is  inaoluble  in  water,  partially 
soluble  in  hot  aqueous  ammonia,  perfectly  aoluble  in  a  hot  solution  of  chloride  or  suc- 
cinate of  ammonium,  insoluble  in  other  ammoniacal  salttf.     (Witts  teiii») 

FxttROCTANiDB  OF  MAOKBaruat^  Mg*Fe*Cy*  +  12  aq.,  is  obtained  in  the  form 
of  small*  pale  y&llow,  stellate  needles,  peiTaanent  in  the  air,  by  saturating  ferropruisHic 
ftdd  with  carbonate  of  magnesium,  and  evaporating  the  filtrate. 

Ferrocvanide  of  Magnesium  and  Ammonium  is  obtained  in  an  impure 
state  hj  atlding  ferrocjanide  of  potassium,  or  of  calcium^  to  a  Bolntioffl  of  a  magnesium* 
salt  containing  sal-ammoniac  and  freo  ammonia.  On  boiling  the  b'quid,  the  double 
salt  is  deposited  in  the  form  of  a  white  powder,  which  does  not  decompose  at  100'^  C* 

FtTTOc^anide  of  Mag  net  turn  and  Pii  tassiu  m,  (Mg'K*)Fe^y ',  is  obtained  as 
a  white  granular  precipitate  on  adding  ferrocyajiide  of  potassium  ia  excess  to  a  not 
very  dilute  solution  of  a  magnesium-aalt 

Febhoctaniub  of  Manoakes:b. — White  precipitate,  soluble  in  hydrochloric 
ucid.  When  a  solution  of  a  manganons  salt  is  poured  ijito  excess  of  ferrocyanide  of 
potassium,  the  predpitato  contains  both  manganese  and  potassium. 

Mehcubic  Fb e roo taxi dh.^ White  precipitate  obtained  by  adding  feno- 
cyanide  of  potassium  to  solution  of  mercuric  chloride, 

Ammonio-mercuric  Ferroc^fantde,  2NH'.(Hg")*Fe'Cy*  +  aq,,  or  Ferroeyanid^ 

of  Mercury  and  Mercurammoninmj         ^"[^^^y*  ^  aq.,  is  obtained  by  dissolving 

nitrate  of  mercurammoniun)  (ammonio-naercuric  nitrate)  in  a  moderately  strong  solution 
of  nitrate  of  ammonium  containing  free  ammonia  and  cooled  by  ice,  and  precipitating 
with  ferrocyanide  of  potassium.  It  forms  wine-yellow  rhomboidal  prisms,  which  gtro 
off  their  ammonia  on  exposure  to  the  air.  They  are  decomposed  by  water,  yielding 
cyanide  of  mercury,  ferric  oxide^  and  ammonia.  If  the  solution  of  nitrate  of  ammonia 
■used  in  the  preparation  i$  tix>  strong  or  too  hot,  mercury  is  reduced,  and  if  it  is  too 
dilute,  the  product  is  immediately  decomposed  by  the  water  present  (Buns  en,  Fogg. 
Ann,  xxxiv.  139*) 

Pbrboctakibss  of  MOLTDDBNUic— Ferroeyimide  of  potassium  forms  with 
fndfjfhdout  salts,  a  dark-brown  precipitate  soluble  in  excess  of  tho  reagent  and  in 
ammonia;  with  moiybdic  salts,  also  a  dark  brown  precipitate,  insoluble  in  excess  of 
the  alkaline  fcrrooyanide,  but  soluble  with  decomposition  in  ammonia  ;  with  solutions 
of  moljfbdic  aad  m  the  stronger  acidsp  it  forms  a  rcd-hrown  precipitate,  soluble  in 
excefis  of  the  ferrocyanide,  and  in  ammonia,  with  Ibrmation  of  ferrocyanide  and 
molybdate  of  ammonium-     (B erz el i  u a. ) 

Fbrhoctakide  ofNickhi^  Ni*Fe*Cy**— Precipitated  in  pale  appl  e-green  flocks^ 
soluble  with  red  colour  in  ammonia,  insoluble  in  ammooiatml  salts.  When  thus  pre- 
pared, it  alwiiys  retains  ferrocyanide  of  potassium,  which  cannot  be  removed  by 
washing.  It  may,  however,  be  obtained  quite  pure  by  decompoaiog  the  following  com- 
pound with  boiling  water. 

Am  mo  fi  to- ferrocyanide  of  Niekeij  l<jNH*.M*Fo'Cy"  +  4  aq.— A  solution  of 
recently  precipitated  ferrocyanide  of  nickel  in  excess  of  ammonia  deposits  this  compound, 
after  a  short  time,  in  a  multitude  of  very  delicate  viol ot- coloured  needles.  The  same 
compound  is  obtained  hy  adding  fentM^anidc  of  potassium  to  a  nickel-salt  containing 
a  large  excess  of  Ammonia.  In  the  moist  state,  it  is  decomposed  by  mere  exposure  to  the 
air,  giying  off  ammonia  and  water  and  leaving  ferrocyanide  of  nickel;  but  after 
drying,  it  bcArs  a  heat  of  100° — 160^C.  without  decomposing.  Boiling  with  water  alao 
docompoeea  it.  the  ammonia  dissolving  and  fiarrocyanide  of  nickel  remaining.  (Rey- 
noBO,  Ann.  Ch.  Phys.  [3]  zioc.  252.) 

Ferrocyanide  ofmckel-ammonium^  (NH^i)«.Fe'qy«  +  4  aq.,  is  obtained  as 
a  greenish  white  precipitate  on  addini*  ferrocyanide  of  potassium  to  a  solution  of  nitrate 
of  nickel* ammonium.  It  is  insoluble  in  water  and  more  stable  than  the  preceding. 
(ReyDoso.) 

PaBBOOTANiBB  OF  PoTAi!SiTj|f.  KTe'Cy*  =  4KCy.2FeCy.  FnwiiaU  of  , 
Potmh,  Frrrnprnmafe  of  Pnfash,  YrUmv  Priutsiate  of  F&tmK  Ydlom  PrmmaU,  BM^\ 
lyc-^aU,   Bluilau^efitatz,    KaliutMi^encyanur.   (Gentele,    Dingl  polytedin.    J.   bcL] 
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289;  Izzvi.  352;  xciy.  197;  cxrii  414. — Lie  big,  Ann.  Ch.  Phann.  xxxviii  20. 
Habich,  DingL  cxL  371. — ^Wagner's  Jahresber.  a  Chem.  Technologie,  1866,  p.  111. 

Brnnqnell,  DingL  cxL  374;  cxli.  47;  Wagner's  Jahresber.  1856,  p.  102. — Karm- 

rodt,  DingL  cxlvi  294;  Wagner's  Jahresber.  1857,  p.  139. — ^Nollner,  Ann.  Ch. 
Pharm.  cviii.  8;  Wagnei's  Jahresber.  1868,  p.  175. — K.  Hofmann,  DingL  cli.  63; 
Wagner^B  Jahresber.  1858,  p.  179. — Graeger,  Polyt.  CentralhaUe,  1858,  pp.  25,  33, 
49;  Wagner's  Jahresber.  1858,  p.  183. — ^Handworterbuch  der  Chemie,  2**  Aufl.  iL 
[211^4.— Gm.  vii.  463.) 

This  important  salt  was  first  prepared  about  the  middle  of  the  hist  centuiy  b^ 
Macquer,  who  obtained  it  by  the  action  of  alkali  on  prussian  blue,  and  called  it 
Pkloffisticaied  alkali.  Sage,  and  afterwards  Bergman n,  showed  that  it  might  be 
pr«pared  in  the  diy  way.  The  iron  contained  in  it  was  at  first  regarded  as  an  impurity, 
till  Bert  hollet  showed  that  it  waa  an  essential  constituent.  The  salt  is  now  manu> 
faetun*d  on  a  veiy  large  scale,  and  used  for  the  preparation  of  cyanide  and  emanate  of 
potasaium,  proasic  acid,  prussian  blue,  and  other  cyanogen-compounds ;  also  in  dyeing 
and  cidico  printing,  for  the  direct  formation  of  prussian  blue  on  tissues. 

Farmatum. — Ferrocyanide  of  potassium  is  formed  on  bringing  together  the  following 
sabetances: 

1.  Protocyanide  of  iron  with  aqueous  cyanide  of  potassium. — 2.  Ferroprussic  add 
with  hydrate  or  carbonate  of  potassium. —  3.  Ferrous  hydrate  with  cyanide  of  potas- 
sium, potash  being  formed  at  the  same  time : 

6KCy  +  2FeH0  =  K*Fe«Cy«  +  2KH0. 

4.  Ferrous  cyanide  with  aqueous  potash : 

6FeCy  +  4KH0  -  K<Fe«Cy«  +  4FeH0. 

6.  Ferric  ferrocyanide  or  ferrous  ferricyanide  with  aqueous  potash,  feme  oxide  being  sepa- 
rated in  the  first  case  (p.  228),  and  ferroso-ferric  oxide  in  the  second  (p.  202). — 6.  ^y 
the  action  of  potash  on  various  ferrocyanides  (p.  223). — 7.  By  bringing  metallic  iron 
in  contact  with  aqueous  cyanide  of  potassium,  the  action  taking  place  slowly  at  ordinaiy 
temperatures,  quickly  at  the  boiling  heat     If  the  air  is  excluded,  hydrogen  is  evolved : 

6KCy  +  Fe»  +  2H«0  =  KTe'Cy*  +  2KH0  +  H«; 

but  if  the  air  has  access  to  the  liquid,  oxygen  is  absorbed  and  no  hydrogen  is  evolved : 

6KCy  +  Fe«  +  H«0  +  O  =  KTe»Cy«  +  2KH0. 

8.  Sulphide  of  iron  with  aqueous  cyanide  of  potassium,  sulphide  of  potassium  being 
formed  at  the  same  time: 

6KCy  +  Fe^S  =  K<Fe«Cy«  +  K'S. 

9.  Any  soluble  ferrous  salt  with  aqueous  cyanide  of  potassium : 

2Fea    +    6KCy    -    K«Fe»Cy«    +    2Ka 
Fe«SO*    +    6KCy    «    K*Fe»Cy«    +    K«SO*. 

Preparation, — 1 .  On  the  small  scalt^  pure  ferrocyanide  of  potassium  is  easily  obtained 
by  adding  pure  Prussian  blue  (ferric  ferrocyanide)  to  boiling  aqueous  potash,  as  long 
as  its  blue  colour  changes  to  brown,  then  filtering,  and  evaporating  the  liquid  to  the 
ciystiillising  point  If  commercial  Prussian  blue  is  used,  the  salt  obtained  will  probably 
be  contaminated  with  carbonate,  sulphate,  and  other  salts  of  potassium,  and  with  green 
pnunats  ofpoUuh  (p.  235).  It  may  be  purified  by  picking  out  the  crystals  and  re- 
crystallising  them  several  times,  or,  accoroing  to  Berzelius,  by  heating  the  salt,  first 
gently  till  it  efiloresces,  afterwards  to  the  melting  point ;  dissolving  it  in  water,  which 
then  leaves  charcoal  and  carbide  of  iron  undissolved ;  adding  acetic  acid  to  convert  the 
carbonate  and  cyanide  of  potassium  in  the  solution  into  acetate ;  precipitating  the 
sulphuric  acid  present  with  solution  of  acetate  of  barium,  added  graduaUy  and  not  in 
excess;  then  filtering,  evaporating  precipitating  the  feirocyanide  of  potassium  by 
alcohol,  and  twice  reaystallising  it  from  hot  water. 

2,  On  the  large  scale,  ferrocyunide  of  potassium  is  prepared  by  adding  animal 
matters,  such  as  horn,  feathers,  dried  blood,  leather-clippings,  &c,  mixed  with  iron 
filings,  to  fused  carbonate  of  potassium  (pearl-ash^,  lixiviating  the  fused  mass  with 
water,  then  filtering  and  crystallising  by  evaporation.  The  animal  matter  contains 
nitrogen  and  carbon,  the  latter  in  lai^r  proportion  than  is  required  to  form  cyanogen 
with  the  nitrogen :  hence  when  these  substances  are  fused  with  carbonate  of  potassium, 
the  excess  of  carbon  reduces  potassium  from  the  carbonate,  and  the  potassium  thus  set 
free  unites  with  the  cyanogen  formed  from  the  nitro^n  and  the  remainder  of  the  carbon* 
producing  cyanide  of  potamium,  which  is  converted  into  ferrocyanide  in  the  subsequent 
IiziTiatioiL    It  was  formerly  supposed  that  the  cyanide  of  potassium  is  converted  into. 
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ferrocjfanide  during  the  fttBiooj  by  the  action  of  tbe  iron  present  m  the  fused  muss,  and 
thttt>  in  the  lixiviation,  tlic  ferrocyanide  in  simply  dijssolved  oat.  This,  howeTCP,  ia 
impossrible,  inasmuch  as  the  ferrooyiiiiide  is  deccranposed  tt  the  tampemtore  to  which 
the  mass  la  exposed,  into  cyiinide  of  potassium,  carhide  of  iron,  and  nitrogen  (p,  199). 
HoreoTer,  Liebig  has  Bhown  that  if  the  fused  inaBft,  soon  after  cooling,  be  lijtiviated 
with  aqueouB  alcohol  (brandy),  nothing  hut  cyimide  of  potaasium  i^  diwlved  out,  and 
the  residual  mass  treated  with  water  no  longer  pelds  any  ferrocyanide.  The  ferro- 
c^'anide  obtained  when  the  fu»ed  masa  Ib  treated  with  water  in  the  usual  way,  doea  not 
exist  ready  formed  in  the  moWt  but  ia  produced  by  the  mutual  actioo  of  the  c^nide 
of  potas^iam  and  the  metallic  iron  existing  therein;  rooreoTer  the  product  is  considerably 
increased  by  adding,  during  the  HxiTiation,  more  met^allic  iron^  or  sulphide  of  iron,  or  a 
Boluble  ferroua  salt  (p.  231).  This  view  has  indeed  been  called  in  questLon  by  Bung  a 
(Fogg.  Ann.lxrL  96)  and  others,  who  hare  found  that  the  melted  masa^  when  treat^xl  with 
brandy,  yields  but  little  cyanide  of  potassium^  but  afterwards  yields  the  usual  quantity 
of  ferroCTamde  when  liju^iated  with  watejr.  Theae  results  were  probably  dtie  to  the 
use  of  alcohol  of  too  great  irtrength,  which  dissolTes  cyanide  of  potassium  hut  i^owly, 
or  to  the  melted  mass  baring  been  left  for  some  time  in  contact  with  the  air,  in  whicli 
case  the  highly  deliquescent  cyanide  of  {wtasftium  would  absorb  water,  and  ferrocyanido 
would  be  gTHaually  formed.  Liebig  a  view  has  been  confinned  by  the  rvcent  experi- 
ments of  Nollner  and  R.  Hofibiann^  who  find  that  when  the  fused  mass  is  left  to  cool 
slowly,  pure  cyanide  of  potassium  often  separates  out  of  it  HolBinMin  has  also  shown, 
tjiat  when  pttre  <^nide  of  potassium  mixed  with  iron  m  treated  with  acetic  add  and 
iilcohol,  it  IS  completely  decomposed,  without  formation  of  ferrocyanide,  and  that  the 
ferrocyanide  itself  is  not  dcH'oiniKwed  by  acetic  add  and  alcohol ;  now  when  the  fused 
mass  obtained  in  the  manufacturing  process  is  pulverised  and  heiited  with  acetic  acid 
and  alcohol,  it  behaves  like  a  mixtui^  of  iron  and  cyanide  of  potaasium,  and  tlio 
i*esidu«  treated  with  water  no  longer  yields  ferrocyanide  of  pota'^sium. 

The  manufacture  of  ferrocyanide  of  potassium  (yellow  iprussiate)  consists  of  three 
fltages :  a.  The  preparation  of  the  melted  mass,  technieally  called  "  metal ; "  b.  The 
lixiyiation;  c.  The  crystallisation. 

<i.  The  *'  metal  **  is  prepared  by  melting  animal  matters  with  pearl nsh,^  generally 
with  addition  of  iron,  sometimes,  thotigh  letia  advantageously,  without  it  The  animal 
subatances  used  are  horn,  woollen  rags^  dried  blood,  carcases  of  animala,  hairs,  feathers, 
leather-dipping,  old  shoes,  &c, ;  they  ore  aoroetimefl  used  in  their  original  at  ate, 
fiometiraefi  Bnbfectcd  to  a  previous  dry  distillation,  the  ammonia  thereby  evolTcd  being 
condensed  in  hydrochloric  or  sulphuric  acid,  and  thua  obt^iinecl  as  a  secondary  product, 
and  the  residual  aaotised  charcoal  used  for  the  preparation  of  the  cyanide.  Those 
substances  are  of  course  the  most  «>ligible  which  contain  the  largest  proportion  of 
nitrogen :  in  this  respect^  the  several  kinds  of  animal  matter  differ  considerably,^  as 
shown  by  the  following  table  given  by  Karmrodt. 


100  parts 

of  horn . 

.     contain  15  to  17 

it 

dried  blood 

Ifi  „  17 

11 

woollen  raga 

10  „  16 

»» 

aheep-shcaringa. 

Ifl  „  17 

tt 

calves*  hair 

Ifi  ,,  17 

t* 

bristles      . 

&M  10 

ft 

feat  hers     . 

17 

ti 

hide -clippings    . 

4.     6 

tt 

old  shoes  . 

6,.    7 

t» 

charcoal  from  horn,  accord- 
ing to  the  heat  to  which 
it  has  been  sulgected     . 

2„     7 

It 

charcoal  from  rags     . 

. 

2  .,  12 

According  to  Boussingault  and  Payen,  horn  contains  14-3,  air-dried  muscular  Heab 
13-4,  and  woollen  rags  16'0  p.  c  nitrogen.  According  to  Nollner,  old  leather  often 
contains  not  more  than  1  to  2  p.  c  nitrogen,  whereaa  irell  preserved  leather  contains 
from  6  to  12  p.  c. 

The  charcoal  obtained  by  the  carbonisation  of  animal  substances  contains  nitrogen, 
but  less  in  proportion  as  it  has  been  more  strongly  heated;  at  the  same  time^  how* 
ever,  the  quantity  of  charcoal  obtained  is  less,  100  parts  of  rags  carbonised  at  a 
certain  temperature,  yielded  75  pt^  charcoal  containing  12  p.  c  nitrogen,  whereas  the 
same  rAga  charred  at  a  stronger  heat  yielded  25  pts.  charcotLl  containing  only  1*25  to 
2  p.  c.  nitrogen.  It  is  important,  therefore,  not  to  heat  the  animal  substances  too 
atrongty,  and  to  atop  the  distillation  at  such  a  point  that  the  yield  of  charcoal  shall  be 
from  50  to  70  p,  c 

It  is  important  that  the  anim&l  substances  used  should  not  yield  much  ash,  as  this, 
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besides  thickening  the  mass,  will  decompose  a  portion  of  the  potash,  conyerting  it  into 
soluble  salts  which  will  mix  with  the  ferrocjanide :  the  animal  substances  should, 
therefore,  be  well-eleaned,  especialljr  firom  sand,  before  calcination  (1  pt  of  sand  will 
decompose  2  pts.  <tf  pearl-ash). 

The  potasnum  for  the  preparation  is  supplied  in  the  form  of  carbonate  (pearl-ash). 
It  is  not  necessary  to  use  perfectly  pure  carbonate  of  potassium  ;  indeed  a  certain  pro- 
portion of  sulphate  is  said  to  act  beneficially,  by  formmg  sulphide  of  iron.  According 
to  Brunnquell  and  Hoffinann,  however,  it  is  always  injurious,  as  it  converts  a  portion 
of  the  cyanide  of  potassium  into  sulphide,  cyanate,  and  sulphocyanafe. 

In  localities  where  potash  from  plant-ashes  is  too  dear,  an  impure  carbonate  is 
sometimes  prepared  from  the  sulphate  by  ignition  with  coal  and  carbonate  of  lime,  just 
as,  in  the  oroinary  method  of  soda-making.  The  sulphate  of  potassium  used  for  this 
purpose  may  be  obtained  from  the  mother-Hquor  of  sea- water,  and  of  the  ashes  of  kelp 
and  varechs.  (See  Potash.)  Bramwell  uses,  instead  of  carbonate  of  potassium,  the 
sulphide  obtained  by  igniting  sulphate  of  potassium  with  charcoaL  It  is  fused  with 
animal  matter  and  an  equivalent  quantity  of  iron,  which  is  thereby  converted  into 
aulphide. 

The  addition  of  iron  in  the  melting  process  might  appear  at  first  sight  to  be  un- 
necessary, inasmuch  as  the  conversion  of  the  cyanide  of  potassium  into  ferrocyanide 
takes  plac^  only  in  the  lixiviation.  It  is,  however,  required  for  two  reasons :  firsts  because 
the  sulphate  of  potassium,  which  is  almost  always  present,  is  converted,  by  ignition 
with  charcoal,  into  sulphide  and  bisulphide  of  potassium,  and  the  latter,  if  no  iron  is 
present,  converts  a  portion  of  the  cyanide  of  potassium  into  sulphocyanate,  which  is 
not  converted  into  ferrocyanide  in  the  subsequent  lixiviation,  and  consequently  occa- 
sions a  loss  of  cyanogen ;  and,  secondly,  because  the  bisulphide  of  potassium  exerts  a 
very  rapid  corroding  action  on  the  iron  pot  in  which  the  materials  are  fused.  Now, 
when  iron  is  added  in  the  form  of  filings,  turnings,  &c.,  it  easily  decomposes  the  alkaline 
sulphides,  thereby  preventing  the  formation  of  sulphocyanate  of  potassium,  and  is 
itself  converted  into  sulphide  of  iron,  which  is  easily  transformed  into  ferrocyanide  by 
the  action  of  the  aqueous  cyanide.  The  iron  is  usually  added  in  the  form  of  filings, 
turnings,  or  smithy  scales  (black  oxide),  sometimes  also  in  the  form  of  spathic  iron 
(native  ferrous  carbonate). 

For  calcining  the  mixture,  pear-shaped  iron  pots  were  originally,  and  are  still  fre- 
quently, used ;  they  are  built  into  the  furnace  in  a  slanting  direction,  and  in  such  a 
manner  that  the  flame  can  play  all  round  them.  The  contents  are  stirred  with  a  flat 
iron  bar,  or  scoop,  introduced  through  an  aperture  in  the  lid.* 

A  more  complete  arrangement,  now  adopted  in  the  larger  English  works,  consists  of  a 
set  of  iron  melting  pots  of  nearly  hemispherical  shape,  set  in  brickwork,  and  each 
heated  by  a  separate  fire  and  circular  flue.  The  pots  are  closed  by  iron  lids  having 
apertures  for  introducing  the  animal  matters,  the  aperture  being  immediately  closed 
hy  a  elide  after  each  addition.  Through  the  lid  of  each  pot  there  passes  a  vertical 
npindle,  carrying  a  set  of  blades  or  arms  for  mixing  the  materials,  and  set  in  motion 
>»y  a  driving  sluift  worked  by  steam  power.  The  pots  being  completely  closed  during 
the  melting,  the  atmosphere  within  them  is  maintained  in  a  deoxidising  condition,  and 
thus  the  formation  of  cyanates  is  prevented.t 

As  iron  pots  heated  from  below  cannot  be  raised  to  the  hi^h  temperature  which 
is  most  favourable  to  the  success  of  the  process  without  subjecting  them  to  very 
rapid  wear,  the  calcination  is  frequently  performed,  especially  in  Germany,  in  a 
revcrberatory  furnace,  on  the  hearth  of  which  is  placed  a  cast-iron  pan  4  or  6  feet 
wide,  4  or  6  inches  deep,  and  several  inches  thick  on  the  sides  and  bottom.  The  in- 
terior dimensions  of  the  furnace  should  not  be  larger  than  is  necessary  for  convenient 
manipulation,  and  the  arch  should  be  very  flat.  The  mass  in  the  pan  is  stirred  by  a 
thick  iron  bar,  or  crook,  suspended  by  a  chain  and  passing  through  an  aperture  in 
the  side  of  the  furnace ;  with  this  arrangement,  the  stirring  is  much  more  easily  per- 
formed than  with  the  old-fsishioned  pots.  The  furnaces  are  so  arranged  that  when 
the  potash  has  once  been  brought  into  the  fused  state,  the  doors  of  the  fire-place  may 
be  closed,  and  no  fresh  firing  is  required  during  the  introduction  of  the  animal 
matters :  this  prevents  the  access  of  air  to  the  melting  mass  which  would  oxidise  it^ 
and  lead  to  the  formation  of  cyanate  of  potassium,  which  would  entail  loss  of  cyano- 
gen. Ordinary  reverberatoiy  furnaces  with  fire-brick  hearths  cannot  be  used  for  the 
fusion,  because  the  hearth  would  be  strongly  attacked  by  the  melting  potash,  and  a 
large  quantity  of  silicate  of  potassium  would  be  formed. 

The  ftiel  used  is  either  wood  or  coaL    When  the  process  is  performed  in  a  rever- 

•  A  figure  of  the  arrangement  U  given  in  tlie  new  edition  of  Vrf*»  DicUonary  of  ArU,  Manufacturrt, 
mtd  Mtmet,  toI.  lit  p.  480.  jr  >v  -v 

t  Fm-  A  figure  and  full  iletcrlpttnn  of  thii  arrangement,  aee  Knapp't  Chemical  Technoiogy.  edited  by 
»klMrdiooandW»tt».vol.l.p«rt4.  ^  ^ 
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bemt^ry  furaru^o  the  ftiel  should  bo  Tory  dry;  for  if  A(|iieouj8  vaponr  Mines  in  contAtrt 
with  the  heated  mass,  a  con»idcrablo  cjmintity  of  the  cyanide  will  be  d<?composcd, 
yiekling  carbonate  of  potasHium,  amiiiotiia,  carbonic  atLbydride,  and  firee  hydrogen : 

2CKK  -f  5KK>  -  K'CO>  +  2NH»  +  CO'  +  H*. 

Qnito  recently  the  uise  of  gas-generators  with  a  blast  of  air  has  been  iatroducfld  into 
the  manufacture  of  ferrocyanide  of  potassium  ;  it  presents  many  advantage®,  in  par* 
ticolAr  that  of  facilitating  the  rcgtilution  of  tho  temperature  and  the  admission  of 
oxygeikf  60  aa  to  produce  at  pleasure  either,  an  ordinarj-,  a  neutral,  or  a  reducing 
Haine.  According  to  HoflTraann,  it  is  adrbablef  at  the  beginning  of  the  process,  to 
bum  the  flame-gaies  completely  by  tho  admiasion  of  a  Bufficient  quantify  of  oxygen, 
80  afl  to  produce  a  very  high  temperature^  which  materially  facilitat<*s  and  cxpHBdit-ea 
the  process,  at  the  same  time  that  the  ejccess  of  carbon  id  the  animul  matters,  and  the 
combustible  gaa  eTolved  from  the  melting  mass^  prevents  the  oacygen  firom  coming  in 
contact  with  the  raetaJt  ind  thereby  CH^nverting  thn  cyanide  of  potassium  into  cyanatc. 

The  melting  procesB  is  conducted  as  follows.  The  pearl-ash  (2  to  5  cwt,  according 
to  tho  diracnsioii<i  of  the  fiimace}.  or  a  misture  of  1  pt.  pearlash  and  2  to  4  jits,  blm 
salt  or  biii^  wta^h  obtained  in  a  preceding  opcnition  ivid.  in/.X  is  molted  in  the  iron 
vessel  (wliich  takes  about  two  hours),  and  heated  to  bright  redupas,  so  that  the  mass 
may  not  be  too  much  cooled  by  the  introduction  of  the  animal  matters.  These,  or  an 
equivalent  quantity  of  animal  coal  mixed  with  6  to  S  per  cent  iron,  are  then  added  in 
enecessivG  portions,  first  at  lihorter,  aft^^rwardu  jit  longer  intervals.  For  every  100  pta. 
of  p^^arlash,  from  100  to  125  parta  of  fresh  animiU  Rubstancea  are  taken,  often  a 
mixture  of  several  Idndn  of  anim&l  matter  containing  different  propoitioiifl  of  nitrogen, 
hom  and  rags  for  example.  Sometimea  a  smaller  quantity  of  nncharred  animal  matter 
is  taken,  and  the  amount  made  up  with  animal  coal ;  the  latter  is  seldoin  nsed  alone. 
Each  addition  of  anim:il  matter  caiuiefl  a  violent  reaction  and  evolution  of  combustible 
gasca,  via,  carbonic  oxide  and  hydroctirbonn,  together  with  water  and  carbonic  acid, 
and  the  mass  becomes  thick^ne*!,  less  by  the^  admixture  of  solid  matter  than  by  the  fall  of 
temperalur©  resulting  from  the  abundant  formation  of  gas;  active  stirring  mnst 
therefore  bo  resorted  to,  in  order  to  mis.  tho  materials  well  together  and  nccel*'nite  the 
decomposition.  Alter  a  while,  the  mass  gradually  becomes  hotter  and  more  iluid^  and 
carbonic  oside  is  evolved  in  consequence  of  the  retlnction  of  potassium.  After  this 
reaction  has  gone  on  for  1^  to  2  hours  more,  the  decompoBition  is  complete,  Tho 
pasty  mass  is  thcQ  ladled  out  into  small  cast  iron  dishes  of  about  2  inches  diamcteTt 
and  the  fumac«  is  again  heated  and  fillc<l  with  potash.  In  this  manner,  from  4  to  6 
melting  operations  maybep^oimed  in  24  hotira.  The  higher  the  t*mpenituro  of  the 
furauce,  up  to  a  certain  point,  the  more  quickly  does  the  reaction  take  place,  and  rhe 
more  abundant  generally  speaking  is  tho  product.  If  the  heat  is  too  low,  the 
reduction  of  the  potassium  does  not  tske  plact^  fast  enough  ;  and  if  it  is  too  high,  thp 
cyanide  and  other  potassium-salts  volntiiiso  and  condeuf^o  in  the  flue^.  A  lo«»s  of 
product  may  ariae  from  the  decomposing  action  of  aqueous  vapour  evolved  ttom  tha 
animal  matters:  hence,  accortling  to  llabich,  it  is  beet  to  dry  these  substances 
previously  by  means  of  orer-hcatcd  steam,  continuing  the  action  till  a  slight  evolution 
of  ammonia  begins,  and  substances  like  horn  and  nigs  are  rendered  friable* 

b.  Lixiviation.^Thfim(faf^  which  in  a  well  conducted  process,  should  yield  about  16 
per  cent,  of  ferrocyanide,  is  broken  into  lumps  when  cold,  and  thrown  into  large  iron 
pans  fQle<l  with  cold  water,  mixed  with  the  weak  lyes  of  former  operations.  Tha 
liquid  is  then  heated  to  80<*  or  90='  C.  (176°  to  194^  FA  and  constantly  »tirre<l  to  dissolve 
the  metal  as  quickly  as  possible,  because  a  portion  of  tne  cyanide  of  potassium  is  decom- 
posed  during  the  lixivifltion  into  ammonia  and  formate  of  potassium  (p.  198),  and  the 
amount  thus  lost  increases  as  the  operation  is  protracted*  Affording  to  Brunnquell, 
the  metal  nhoukl  be  macerated  for  24  hours  in  wat^r  of  60°  to  mP  0.  { 1 22°  to  1 4D°  F.), 
and  then  boLletl,  in  which  case  no  decomposition  takes  place.  According  to  Hoffroanu, 
the  ammonia  evolved  is  not  actually  formed  during  the  lixiviation  Ijiit  is  previously 
enclosed  within  the  pores  of  the  metal,  and,  diiisolving  in  the  cold  water,  is  evolve<^  ' 
when  the  liquid  is  heaterl. 

As  soon  m  the  lye  has  attained  a  density  of  M6  to  1-22  (20°  to  2fi°  Bunmi^),  it  itl 
left  to  darify  without  further  h**ating;  the  clear  solution  b  decanted  from  tbeiuiiO-] 
luble  residue,  and  tninsferrtyd  to  tho  evaporating  pans,  which  are  usually  heated  bj  j 
the  waate  heat  of  the  melting  furnaces.  It  is  then  brought  to  a  density  of  1  27  J 
(32°  BaumA),  and  run  off  into  the  crystaUising  vcfisels,  where  it  deposits  a  cruds  ' 
salt,  eontaining,  according  to  Hoffmann,  al>out  J  of  pure  feirocyanido  of  potassium. 

c.  Crpstallijtatioth — The  crude  salt  obtainetl  as  above  mentioned  is  dissolved  ia 
wurrn  water,  so  as  to  form  a  solutloii  of  sp<?cific  gravity  1-27  (32°  Banm^X  *nd  this 
solution,  after  clariflcation,  k  transferred  to  the  crj^atallising  vessels.  These  ar« 
sometimes  made  of  wood,  but  the  salt  crystallised  in  such  vessels  geaeraUj  has  a  green 
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colour  ansing  from  a  deoompositioii,  produced,  according  to  Gkntele,  by  the  tannin  of 
the  wood.  On  this  account,  cast-iron  aystalb'sers  are  more  generally  preferred.  The 
liquor  is  left  to  crystallise  slowly,  the  ciystallisation  often  going  on  for  weeks  in 
large  vessels ;  the  mother>liquor  is  drawn  ofi^  and  if  not  too  impure,  is  used  to  dissolve 
fresh  quantities  of  crude  salt ;  after  being  used  two  or  three  times  for  this  purpose,  it 
serves  for  the  preparation  of  blue-salt. 

The  ferrocyanide  is  deposited  in  crusts  in  the  crystallising  vessels ;  but  by  suspending' 
lumps  of  the  solid  salt  in  the  solution  by  threads,  it  may  be  obtained  in  long  bunches 
of  crystals  {KryataUtrauben),  and  by  suspending  these  in  fresh  lyes,  they  may  be 
obtained  of  great  size.  The  salt  t^us  obtained  may  be  further  purified  by  reciystal- 
lisation;  100  pts.  of  crude  salt  yield  about  90  pts.,  or  if  pure  materials  have  been  used, 
97  pts.  of  pure  ferrocyanide  of  potassium. 

The  green  adit  above  mentioned  may  be  purified  by  recrystallisation,  with  addition 
of  a  small  quantitv  of  an  oxidising  agent,  such  as  arsenious  acid,  or  better,  of  ferricyanide 
of  potassium  (red  prussiate).  According  to  Hoffmann,  the  green  colouring  sometimes 
arises  from  the  presence  of  sulphide  of  iron  and  potassium. 

Commercial  yellow  prussiate  often  contains  sulphate  of  potassium,  which  indeed 
may  be  present  in  considerable  quantity  without  altering  the  appearance  of  the.  salt. 
This  impurity  is  not  easilv  removed  by  recrystallisation.  The  best  mode  of  purification 
is  to  decompose  the  sulphate  with  chloride  or  acetate  of  barium,  separate  the  result- 
ing chloride  or  acetate  of  potassium  by  repeatedly  ciystallising  the  filtered  solution, 
or  by  precipitating  it  with  alcohol,  then  wash  the  precipitate  with  alcohol,  and  recrys- 
tallise  from  water.  On  the  large  scale,  the  sulphate  may  be  completely  separated  by 
evaporating  the  solution  to  s^cific  gravity  1*31  (35°  ]Bm.),  whereupon  the  greater 
part  of  the  sulphate  crystallises  out,  tiien  drawing  off  the  clear  liquor,  diluting  it  to 
specific  gravity  1'26  (30°  Bm.),  and  leaving  it  to  cool:  it  then  deposits  pure  feiro- 
cyanide  of  potassium.  A  further  portion  may  be  obtained  in  like  manner  from  the 
mother-liquors.  For  technical  use,  however,  the  sulphate  of  potassium  is  not  directly 
injurious,  but  merely  objectionable  in  so  far  as  its  presence  diminishes  the  proportion 
of  ferrocyanide. 

Treatment  of  the  residues, — The  mother-liquor  of  the  crude  salt  concentrated  to  a 
density  of  1*33  to  1*38  (30°  to  40°  Bm.)  deposits,  on  standing,  nearly  all  the  remaining 
ferrocyanide  in  the  form  of  a  fine-grained  powder.  The  last  mother-liquor  cqntains  a 
oonsiderable  quantity  of  carbonate  of  potassium,  together  with  hydrate,  chloride,  sul- 
phocyanate  and  silicate  of  potassium.  When  concentrated  to  a  specific  gravitrjr  of  1*45 
(45^  Bm.),  it  deposits  the  greater  part  of  the  silicate,  chloride,  &c.,  of  potassium,  and 
the  mother-liquor  still  remaining,  which  contains  the  greater  part  of  the  carbonate,  is 
evaporated  to  dryness  and  calcined  in  reverberatoiy  furnaces  provided  with  iron  pans 
like  the  melting  furnaces.  The  dry  residue,  called  blue-salt,  or  blue-potash 
{BlausaU,  or  Blaukali\  which  contains  from  70  to  80  per  cent,  of  carbonate  of  potassium, 
is  used,  instead  of  potashes,  or  mixed  with  it,  in  subsequent  melting  operations. 

According  to  analyses  by  Brunnquell  (1),  and  Hofimann  (2,  3,  4  and  5),  slightly 
calcined  blue  salt  contains  in  100  pts.: 

1.  2.  3.  4.  6. 

Carbonate  of  potassium  .        .        .  71-9        71*0        82*4        761        441 

SiUcate 11-9  9-6  76  88        228 

Sulphide 43  1*4  38  83  87 

Chloride,  sulphocyanate,  phosphate  and)     g.j        ^3.^  y.j         iq.A 

sulphate  af  potassium         .        .        >  I       26*7 

Insoluble  matter 1*6  j 

Water  and  loss 21  j 

Analysis  1  is  from  a  meltins  with  crude  potash  of  75  per  cent. ;  2  is  blue  salt  from 
a  melting  conducted  in  the  ordinary  way  with  pearl-ash ;  3,  with  pearl-ash  of  better 
quality ;  4,  from  a  melting  made  with  blue  salt ;  5,  with  impure  potash.  The  last  three 
analyses  show  clearly  the  rapid  increase  of  the  impurity  of  the  blue-salt  when  impure 
materials  are  used,  and  the  necessity  of  purifying  it ;  since,  when  the  proportion  of 
silica  increases,  part  of  the  potash  is  rendered  insoluble  and  remains  in  the  deposit^ 
being  thus  lost  to  the  process. 

The  insoluble  residue  or  deposit  which  remains  in  the  b'xiviation  of  the  metal,  varies 
in  quantity  and  composition  according  to  the  nature  and  proportions  of  the  animal 
matters  and  the  alkafi  used  in  the  preparation ;  it  also  contains  matter  carried  over  from 
the  fueL  Karmrodt  obtained  from  100  pts.  of  metal  the  following  quantities  of  ash, 
each  being  the  mean  of  10  analyses: 

By  the  use  of  .  Rags        Horn        Hair    Leather    Charcoal  (bad) 

Insoluble  salt        .        .    283  1*8  23*0         351  38*7 
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The  oompoflitioii  of  three  aamples  of  inBoluble  residue  is  shown  in  the  following 
fftUe: 

Potash  (K*0) 12-2  167  102 

Lime 162  18*4  196 

Magnesia 2'1  1-3  10 

Alumina 4*8  10*2  14*2 

Iron,  with  sesquiozide 16*1  2*1  31 

Manganese 0-4  006  0*7 

Copper trace  0*4  002 

Silica 2M  297  26-4 

Sulphuric  acid  (S0») 1-2  02  18 

Phosphoric  acid  (P«0») 10-4  64  49 

Charcoal 61  42  9*2 

Sulphur,  chlorine,  cyanogen,  and  loss         •        .    94  10*34  8*88 

1000     100-oa   10000 

The  following  analyses  of  insoluble  residues  from  the  prussiate  of  potash  manufac- 
ture, are  by  Dr.  Bichardson  of  Newcastle. 

Fresh  Old 

reiiilue.  residue* 
Sulphate  of  potassium  with  traces  of  sulphate  of) 
calcium,  and  of  the  chlorides  of  sodium  andV      9*06  3*21 

magnesium ) 

Phosphates  of  calcium,  magnesium,  and  iron  .        .    1374  6*24 

Sesquioxide  of  iron 13*34  19*58 

lame  and  Magnesia 6*08  7*23 

Sand  and  Silica 23-97  29*24 

Charcoal  and  Moisture •    84*81  84*50 

100*00  100*00 

The  sample  of  old  reftise  was  taken  from  a  heap  near  the  manufiictoiy,  which  had 
Iain  exposed  for  a  long  time  to  the  weather. 

Hoffiaann  found  in  100  pts.  of  dried  residue  which  had  been  thoroughly  lixiviated 
with  cold  water,  from  20  to  30  pts.  of  silica  in  combination  with  alkali,  which,  if  calcu- 
lated as  carbonate  of  ^tassium,  amounted  to  between  20  and  30  pts.  A  considerable 
quantity  of  this  alkali  appears  to  be  soda,  and  as  the  whole  of  the  soda  contained  in 
the  pearl-ash  t>as8es  into  this  insoluble  residue,  Hoffinann  suggests  that  a  quantity 
of  soda  equivalent  to  the  potash  found  in  the  residue  might  be  added  in  the  melting 
without  diminishing  the  amount  of  ferrocyanide  of  potassium  obtained. 

The  large  amount  of  potash  in  the  insoluble  residue,  together  with  the  phosphoric 
add  and  the  decomposible  silicates,  renders  it  well  adapted  for  the  preparation  of 
artificial  manures.  It  may  also  be  used  for  the  manufacture  of  alum  oy  moistening 
and^  heating  it  with  strong  sulphuric  acid,  and  adding  sulphate  of  alumina.  Or, 
again,  the  alkali  may  be  extracted  from  it  as  carbonate  by  igniting  it  with  an  equal 
weight  of  carbonate  of  lime  and  lixiviating  (Karmrodt);  according  to  Hoffmann, 
however,  this  treatment  does  not  extract  from  the  residue  a  larger  amount  of  alkaline 
carbonate  than  simple  calcination  and  lixiviation,  or  boiling  with  milk  of  lime,  bv 
which  he  finds  that  two-thirds  of  the  whole  amount  of  potash  may  be  extracted. 
Hofiinann  is  of  opinion  that  the  whole  of  the  potash  might  be  thus  extracted  from  the 
residues  in  the  soluble  form,  if  they  coidd  first  be  freed  from  silica.  Whether  it  is 
more  profitable  to  extract  the  potash  from  these  residues  ismd  use  it  in  subsequent 
operations,  or  to  apply  the  resiaues  to  the  preparation  of  manure,  must  depend  on  local 
circumstances. 

The  manufacture  of  ferrocyanide  of  potassium  is  still  Yery  imperfect  in  an  economical 
point  of  view.  Besides  the  loss  of  potash  in  the  insoluble  residue,  there  is  a  very 
large  loss  of  nitrogen,  firsts  because  the  greater  portion  of  that  element  contained  in 
the  animal  matter  used  is  not  converted  into  cyanogen  at  all,  and  secondly,  because 
part  of  the  cyanide  of  potassium  in  the  metal  is  lost  by  decomposition,  and  another 
portion  remains  in  the  mother-liquor,  so  that  out  of  100  parts  of  ferrocyanide,  which 
ought  to  be  obtained  from  the  metal,  about  ^  is  lost  when  pure  materials  are  used, 
and  about }  when  the  materials  are  impure. 

During  tjie  year  1847,  a  series  of  experiments  was  undertaken  by  Messrs.  Lee  and 
Bichardson^  to  ascertain  how  far  it  was  possible  to  prevent  the  loss  of  nitrogen  in 
the  present  mode  of  manufacturing  prussiate  of  potash* 

The  experiments  were  on  a  large  laboratory  scale,  andthefusions  were  conducted  in 

•  Communicated  by  Dr.  Richardson. 
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ffim-lMaT<el8.  Serenl  pielimuMiy  experiments  were  made  with  the  ordiiiaiT  mixture 
in  the  usual  method,  to  enable  the  authon  to  acquire  a  familiarity  with  the  nature 
and  character  of  the  operations. 

In  the  subsequent  experiments  the  same  mixture  of  materials  was  always  employed. 

Pure  horn,  carefully  and  finely  rasped,  was  mixed  with  pure  potashes  and  clean  iron 
filings.  A  small  quanti^  of  water  was  added  to  assist  in  making  an  intimate  mixture, 
which  was  carefully  and  thoroughly  dried  and  then  reduced  to  a  fine  powder.  This 
mixture  was  composed  of: 

Horn 1600 

Potashes 17*72 

Iron 8-00 

Hoisture 3-28 — 40  oa. 

The  potash-charcoal  was  made  by  soaking  13  oz.  of  wood-charcoal  with  a  solution  of 
4  oz.  of  potasbee,  and  then  carefully  dried. 

The  gun-barrel  was  partially  filled  with  the  first  mixture  and  exposed  to  a  red  heat 
in  a  distinct  furnace.  In  the  first  and  second  series  of  experiments,  the  gases  gene- 
rated in  the  retort  were  passed  through  the  potash-chiocoiu,  which  was  kept  at  a  red 
heat  m  another  iron  tube  in  connection  with  the  retort-tube.  In  the  third  series  of 
experiments,  the  gases  were  passed  through  hydrochloric  add.  In  the  fourth  series, 
the  gases  were  passed  through  the  red-hot  potash-charcoal,  and  afterwards  successively 
through  hydrochloric  add  and  a  solution  of  potash.  In  the  last  series,  the  gases 
escaping  were  collected  and  analysed. 

In  each  case  the  prussiate  was  carefully  extracted  and  crystallised.  The  ammonia 
was  estimated  in  the  usual  manner,  and  in  the  tabulated  results  which  follow,  tha 
equiyalent  of  this  ammonia  is  calculated  in  crystallised  prussiate  of  potash. 

The  theoretical  yield  of  prussiate  was  382*50  and  the  actual  quantities  obtained  and 
calculated  were  as  follows,  from  the 

1.  2.  3.  4. 

Retort 101-97         136-46  146-93  14108 

Tube 68-25  63-54  .    .  7100 

Acid 140-24  68-80 

Potash .    .  .    ,  2-76 

Total 170-22  199^  287-17  273-63 

Loss 212-28  183-50  96-33  10887 

382-60  382-50  382-50  88260 

Produce  per  cent  .        .        •    44-6  62*2  761            71*6 

The  gas  evolved  fix)m  the  fourth  experiment  was  collected  after  all  the  air  had  been 
expelled  firom  the  apparatus,  and  consisted  of: 

Hydrogen 46-00 

Carburetted  hydrogen 14-66 

Carbonic  oxide •  26*34 

Nitrogen 14-00 

100-00 

Hsnee  it  appears  that  a  considerable  portion  of  the  nitrogen  of  the  organic  matter  is 
lost  in  a  form  which  cannot  be  -recoyered  in  any  shape  available  for  manufacture  of 
a  commercial  artide. 

From  experiments  on  the  proportion  of  the  nitrogen  of  animal  matter  which  is 
actually  rendered  available  in  the  production  of  yellow  prussiate,  Karmrodt  hat 
obtained  the  results  given  in  the  following  table : 

MmwmMmmvmtmmfXM  w«ra«  COn9tTte4  into  CJ^MMOfffS. 

Woollen  rags 1/6 

Horn 1/6 

Leather-cuttings        •        .        .        •     '  .        .        .        .1/3 

Cow-hair 1/7 

Horn-charcoal  (60  pts.  charcoal  ttom  100  pts.  horn)  •        .  4/7 
Rag-charcoal  (76  pts.  charcoal  from  100  pts.  rags)     •        .1/8 

From  the  analysis  of  well-fused  "metal"  firom  a  ftctory  of  yellow  pruMiati^ 
Eamiodt  obtained  the  following  results : 
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BtMdUood  116 

LMth«irtti»gp l>5 

Hon 1(8 

The  grnler  psri  at  the  nftfogn  Uuis  IO0I  t0  the  proc«w  goes  off  is  the  ferni  4 

-^ lealealtB;  thequntityof  these  ■Jteincvcanngu  thet^mpenliizeof  thei 

lover:  henoo  m  too  fapid  edditicni  of  the  *niiii&L  mmtlcxs  '»i">**^fliTg 
r  of  cyaaide  cbteined ;  on  the  other  hand,  the  product  is  inczcand  hj  1 
■aoe  et  s  reiy  high  tempentore. 

KttBDom  ettempte  hxve  been  made  to  render  erail&blethe  unmonis  gj^^vn  off  in  the 
With  thii  view  the  enimel  eahstuieeB  ven  Ibnnerlj  sahgected  to  dzy  dii- 
is  the  fizvt  JTwtJttif***,  to  ohtein  einnioniiifsl  eehn,  end  oidj  the  raaidMl 
■aotieed  diucoal  wu  need  for  the  pcepantiaa  of  yellow  {vnaskle.  Not,  howefei; 
thai  ammoDiacal  salts  can  be  ohtaiiied  ao  ehe^lj  fn>ai  odier  aoarceSt  as  from  the  Mm- 
«MWi»M*l  liouor  of  the  gas-woi^  in  Engli^d,  and  finom  aewage  water  in  Puia,  this 
mode  of  aaTing  the  nitiogen  can  aearcdj  be  made  to  pay;  and,  aoeoidiitg  to  the  general 
ezperienoe  of  mannfaetiiraa,  the  amount  of  mnide  obtained  i»  not  eo  great  when  tlie 
animal  matten  hare  been  pfreTionalj  distilled,  as  when  thejaxe  used  in  thwr  original 
state. 

Another  mode  of  atUiaiog  the  ammonia  evolTed  in  the  piroeess,  is  to  past  it  ower  aa 
■gwifa^  mixture  of  chareoal  or  coke  and  potaah,  and  thna  eooTert  it  into  eyaaiogen 
(see  page  l^X  There  can  be  no  doubt  of  the  poesibilily  of  prodneing  cyanogen^  in 
this  manner,  and  sereral  patents  have  been  taken  oat  lor  permrming  it  on  the  Uagp 
sesle*,  bat  it  does  not  appear  that  any  of  them  haTe  yet  been  profitably  work  A. 
Brannqnell  snimests  to  pus  the  gases  eyolred  by  the  diy  distillatian  of  ^"''ntpl  s«b> 
Btanees  throng  a  red-^t  tube  of  fire-cky  filled  with  lumps  of  aK»wv;^1  about  the  Kue 
of  a  nut,  in  order  to  coQTert  the  ammonia  into  cyanide  of  ammonium,  pass  the  Taponr 
of  this  salt^  together  with  nndecomposed  carbonate  of  ammonitim,  into  a  moderately 
dilute  solatian  of  protosnlphate  of  iron, — and  boil  the  resulting  precipitate,  containing 
mptOC^ytnids  of  iron,  with  carbonate  of  potaaainm,  to  oonrert  it  into  yellow  pmssiate. 
xhis  ptoesM  would  certainly  have  the  adTantage  of  ayoiding  the  contamination  of  the 
pcodoet  with  ailiea  and  the  ash  of  the  animal  aubstances. 

Another  stmree  ci  loss  in  the  ordinaiy  process  is  that  m  eeitain  portum  (from  ^ 
to  ^)  of  the  cyanide  of  potasunm  in  the  crude  lye  obtained  by  liaiviating  the  metal, 
is  not  oonreried  into  ferroeyanide,  even  by  prolonged  digestion  with  snlphide  or  oxide 
of  iron.  The  best  mode  of  proceeding,  scan*dinff  to  Haffinann,  is  to  draw  ott  the  first 
liquor  into  a  large  dst^m  eontaining  a  eonsideraLle  quantity  of  carbonate  of  iron :  the 
cyanide  of  potassium  will  then  be  complstely  oouTerted  into  fenoeyanide  in  the  conzse 
of  twenty^four  houriw 

If  the  metal  contains  much  sttlphur  and  not  enough  iron  to  take  up  the  whole  of  it, 
a  portion  of  the  cyanide  of  potassium  will  be  eouTerted  into  sulphocyanate  during  the 
liziriation  of  the  metal  with  warm  water.  Hoffmann  finds  that  the  sulphocyanate  is 
easily  demlphurised  by  metallic  iron  on  the  small  scale,  bnt  not  in  the  manoiacturiag 
piTOcesi.  Scale-oxide  of  iron  added  to  the  metal  at  the  end  of  the  melting  process,  easily 
decomposes  the  SBlphocyanate,  but  forms  cjanate  of  potassium  instead  of  cyanide. 
Habieh  desulphurises  the  solution  with  native  carbonate  of  ixon^  preTioualj  fr«ed  from 
the  carbonates  of  lime  and  magnesia  by  digestion  with  scsQui<mloride  of  iion.  Tlie 
complete  oouTersiOQ  of  the  aalphocyanate  into  cyanide,  would  increase  the  qoantiXy  ef 
yellow  prussiate  obtained  from  a  giTcn  quantity  of  raw  material  from  100  to  116  |te 

As  animal  matters  are  very  valuable  for  the  preparation  of  manures,  varions  attempts 
hare  been  made  to  obtain  the  nitrogen  required  for  the  prodaction  of  fezrocyamdes 
from  other  and  cheaper  sources,  especially  from  the  air.  That  cyanides  can  be  formed 
by  passing  atmospherie  nitrogen  over  carbon  impregnated  with  potash,  has  been  satis^ 
fiactortly  proved  by  several  experiments,  eepecially  by  those  of  Fownes  and  of  Bouses 
(p,  198)  ;  and  it  has  also  been  found  possible  to  carry  out  this  mode  of  Ibrmation  oa 
the  manufiu;turing  scale,  Possojt  and  &issierre  first  established  a  manufactory  ibc  1'  * 
mupose  at  Grenefle  near  Paris,  in  1845,  but  afterwards  transferred  their  operation] 
Kewcastlev  where  fuel  could  be  obtiuned  at  a  much  smaller  eosL  Their  process,  im^  ■ 
prorsd  by  Mr.  Bnunwell  of  Newcastle,  consisted  in  passing  a  current  of  air  o*«*r 
charsosl  powder  saturated  with  carbonate  of  potassium,  and  heated  to  whiteness  for 
ten  hours  in  wide  earthen  cylinders  placed  in  an  upright  position.t    The  ehareoal  was 

•  For  a  d(«criptioD  of  Benj't  p^rooesi  (patetit«l)  tee  tire'*  DkHonarp  ^  df*»,  Uamt^/iaeimra,  tmi 
JTSmv,  vol,  lli. 

t  Fof  a  deterlplioa  and  ilrawHig  of  lh«  aiwiMnsiu.  •«•  Lomlon  Jottntmt  (tf  ArU,  iSi^  p.  ISa  t  Mtprr^ 
iofjf  qfFaitmt  ImrmttomM,  ItMT,  p  3S0  i  abo  GrmkameM  Ktnmemti  0/  Ck^mutrp^  S&d  ed,  vol.  L  p.  SS?, 
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tftenrards  mixed  with  pulverised  nadve  carbonate  of  iron  and  lixiviated.  The  fiictory 
was  in  operation  for  two  years,  during  which  it  produced  1000  kilogrammes  (about  a 
ton)  of  yellow  prussiate  daily.  It  was,  however,  not  found  to  work  profitably,  and 
was  ultimately  abandoned,  chiefly,  it  appears,  on  account  of  the  large  expenditure  of 
ftiel,  and  because  the  cylinders,  whether  of  fire-clay  or  iron,  were  unable  to  withstand 
the  intense  heat  to  which  they  were  exposed. 

Mr.  Spencer,  of  the  Commercial  Boad,  London,  patented  a  process  in  1837,  for 
making  use  of  the  waste  lime  and  lime-liquor  of  gas-works  for  the  preparation  of 
yellow  prussiate  and  prussian  blue.  This  gas-lime  certainly  contains  cyanides,  but 
the  proix>rtion  appears  to  be  too  small  to  yield  a  profitable  result. 

The  alteration  which  appears  to  present  the  greatest  hope  of  improvement  in  the 
manufacture  of  ferrocyanide  is  the  substitution  of  baiyta  for  potash.  Margueritto 
and  De  Sourdeval  have  shown  that  cyanide  of  barium  is  easily  formed  by  passing  a 
current  of  air  over  an  intimate  mixture  of  charcoal  and  baryta  at  a  bright  red  heat. 
The  baryta,  not  being  fusible,  forms  with  the  charcoal  a  porous  mass  which  the  nitrogen 
can  easily  penetrate,  and  thus  an  immense  number  of  points  of  contact  between  the 
carbon  and  nitrogen  are  at  once  obtained,  whereas  carbonate  of  potassium  fuses,  and 
the  nitrogen  can  act  only  on  its  surface.  Equally  favourable  results  are  said  to  have 
been  obtained  by  passing  the  ammoniacal  vapours  obtained  by  the  distillation  of 
animal  substances  over  a  mixture  of  charcoal  and  baiyta. 

Another  process,  recently  introduced  by  G  ^lis  (R^p.  Chim,  app.  1862,  p.  370),  consists 
in  forming  sulphocyanate  of  potassium  by  distilling  a  mixture  of  disulphide  of  carbon 
and  sulphydrate  of  ammonium  with  sulphide  of  potassium,  and  converting  the  sulpho- 
cyanate into  yellow  prussiate  by  heating  it  to  dull  redness  with  metallic  iron.     (See 

SULPHOCT  AN  A.TBS. ) 

Properties  of  Ferrocyanide  of  Potassium. — The  pure  salt  crvstallises  with  3  at. 
water,  K*FeH]Jy*  +  3H*0,  in  truncated  pyramids  belonging  to  the  dimetric  or  quadratic 
system.  Ordinaiy  form  P .  oP  (like  fy.  362),  sometimes 
also  with  Poo  and  ooPoo.  The  crystals  are  often  re- 
duced to  the  tabular  form  by  predominance  of  the 
face  oP.  Length  of  principal  axis  =  1*768,  Inclina- 
tion of  P  :  P  in  the  terminal  edges  =  97*^  66' ;  in  the 
lateral  edges  =  136°  24'.  They  are  generally  lemon- 
yellow,  turbid,  or  translucent,  sometimes  amber-yellow, 
or  orange-yellow  and  quite  transparent ;  transparent 
crystals  appear  to  he  formed  especiaUy  by  the  cooling  of 
large  masses  of  the  solution.  The  crystallised  salt  has 
a  specific  gravity  of  1*83.  It  is  permanent  in  the  air  at 
orcUnary  temperatures.  The  water  of  crystallisation 
begins  to  escape  at  60*^  C.  (140°  F.),  but  is  not  given  oflf 
completely  even  at  100^  C,  unless  the  salt  is  reduced  to  powder  and  stirred  for  some 
time  in  contact  with  the  air.  The  anhydrous  salt  is  a  white  powder.  The  crystals  contain 
exactly  so  much  water  (1277  per  cent  «  3  at.)  that  they  may  be  regarded  as  anhydrous 
kudroeyanaU  of  ferrous  oxide  and  potash  (K*Fe*Cy«  +  3H«0  =  2K«O.FeK).6HCy). 
^erroinranide  of  potassium  is  inodorous,  has  a  sweetish,  saline,  rather  bitter  taste,  a 
neutral  reaction,  and  is  not  poisonous. 

The  crystallised  salt  dissolves  in  2  pts.  boiling  and  4  pts  cold  water,  forming  a  pale 

Scllow  solution.  According  to  Michel  and  Kraft  (Ann.  Ch.  Phys.  [3]  xli.  471),  a 
tre  of  the  solution  saturated  at  16°  C.  (which  has  a  specific  gravity  of  1*144)  contains 
268*77  grms.  salt,  and  886 '34  grms.  water.  The  salt  is  insoluble  in  alcohol,  and  is  pre- 
cipitated by  alcohol  from  its  aqueous  solution  in  yellowish-white  pearly  scales. 

Decompositions, — 1.  Ferrocyanide  of  potassium  heated  in  a  close  vessel  melts  at  little 
above  a  red  heat>  giving  oflf  nitrogen  and  leaving  a  mixture  of  cyanide  of  potassium 
and  carbide  of  iron.  If,  however,  it  contains  moisture,  it  likewise  evolves  carbonic  acid, 
ammonia,  and  prussic  acid.  When  the  salt  is  heated  with  a  sufiftcient  quantity  of 
hydrate  or  carbonate  of  potassium,  no  nitrogen  is  evolved,  but  the  residue  contains  the 
whole  of  the  cyanogen  m  the  form  of  cyanide  and  cyanate  of  potassiuni,  mixed  with 
metallic  iron,  whi(^  sinks  to  the  bottom  of  the  melted  mass.  On  this  reaction  is 
founded  the  preparation  of  the  impure  salt  called  "  Liebig's  cyanide  of  potassium," 
which  is  largely  employed  for  galvanic  gilding. 

2.  Both  uie  crystals  and  the  solution  decompose  slowly  when  exposed  to  light, 
giving  off  hydrocyanic  acid,  depositing  ferric  oxide  or  prussian  blue,  and  acquiring  an 
alkaline  reaction.  The  solution  is  also  slowly  decomposed  by  boiling  in  an  open  vessel, 
ammonia  bein^  g^ven  off  and  the  liquid  becoming  alkaline. 

8.  Oxygen,  m  its  ordinary  state,  does  not  alter  ferrocyanide  of  potassium  at  ordinary 
temperatures ;  but  in  an  atmosphere  containing  ozone,  as  for  example  in  a  bottle  oon- 
taimng  moist  phosphorus,  the  salt  is  gradually  converted,  from  widiout  inwards,  into 
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femcTAaide  (rc-d  pnisi5iate).  The  same  transfornaation  tdkca  place  when  a  solution  of 
the  sut  is  Bubjected  to  the  action  of  the  d^ctric  cumnt,  ferricjanide  of  potatiaiuia 
beiug  fonned  &b  tEe  positiTe  pole,  while  hjdrogen  and  potash  ttiG  eliminated  at  the 
negative  pole. 

4.  The  salt  heated  to  redruss  in  contact  with  thi  air  la  converted  into  cyanat^  of 
potiis^um;  olao  when  ignited  with  redadblo  vietallic  oxid^s^  anch  aa  the  oxides  of 
lead  and  iron,  peroxide  of  manganese,  &o.  In  fact,  fused  ferroejanide  of  potaik^iam 
reacta  with  oxides  and  sulphidtia  just  like  the  c}'aiude|  inasmuch  as  it  is  converted 
into  <^amde  by  fuaion. 

5.  The  aqueous  solution  is  conrerted  by  finely  dirided  peroxide  of  had  info  ferri- 
cyanide  of  potassium,  slowly  iu  the  cold«  more  quickly  when  boated^  completeJy  in  a 
few  hours  at  the  boiling  heat :  the  other  prodicta  of  the  reaction  are  carbonate  of 
potaaaium  and  basic  carbonate  of  lead,  The  fiame  tranEfformation  ia  produced,  though 
less  easily,  by  finely  divided |wroxirf<r  of  manganese ;  on  the  atldition  of  a  dilate  acid,  it 
takes  place  quickly.  Permanganate  of  pot^issium  converts  ferrocyanido  of  potassium 
chiefly  into  femcyanide,  together  with  a  small  quantity  of  nitxute.^ 

6.  CMorim  oonvertJi  either  the  pulTonsed  salt  or  the  soludon  into  fatricyiuiide  of 
potassium : 

K*¥qHY  +  CI  -  K"Fe=Cy*  +  KCL 

Bromine  acts  in  a  similar  manner*    (Smee.) 

7.  Iodine  dissolves  abundantly  io  a  warm  solution  of  ferrocyanide  of  potassium,  if 
only  a  sufficieint  quantity  is  added  to  form  an  olive-green  solution.  An  iodo-ferri- 
cyanide  of  potassium,  Kl,K'Fe-Cy",  is  deposited  on  cooling,  in  the  form  of  a 
golden-yellow  cryatalline  powder  having  a  silky  lu»tre.  (Preuss^  Ann*  Ch.  Pharm. 
33dx.  323.) 

8.  Strong  nitric  aoid  heated  with  fbrroqranide  of  potnaflium  decomposes  it  eom- 
pletely,  giving  off  cyanogen,  nitrogen,  nitnc  orSde,  and  carbonic  acid,  and  forming 
ferric  oxide  and  nitrate  of  potassium.  Moderately  strong  nitric  acid  dissolves  it, 
forming  a  cofiFee-coloured  aolution,  which  contains  nitro-ferri cyanide  or  nitro- 
pruBsido  of  potassium  (p.  250). 

d.  Aqueous  chloric  and  iodic  acids  are  said  to  concert  the  ferrocyanide  into  fem- 
cyanide, with  evolution  of  chlorine  or  iodine. 

1 0,  Chromic  add  and  soluble  chromates  convert  the  ferrocjanide  into  femcyanide, 
(Schonbein^  J.  pr.  Chem.  xx.  145.) 

IL  The  ferrocyanide  melted  with  sulphur  is  converted  into  sulphocyaBate  of  potas- 
sinm,  mixed,  according  to  the  temperature,  with  protocyanide  of  iron,  sulphocyanate 
of  iron  or  melloae -compounds.     (See  ScTLPHOCTAJjaTM.) 

12.  Fused  Id  like  manner  with  sefenium^  it  yields  aelenooyanate  of  potassium  (q.  v.) 

13.  Heated  with  strong  sulphuric  acid^  it  gives  off  carbonic  oxide,  and  leaves  a 
residue  of  stdphate  of  potassium,  sulphate  of  animoniuii},  and  ferrous  sulphute : 

C«N'K«Fe'.3H«0  +  6H^0*  +  3H*0  «  2E*S0*  +  3(HH*)»aO«  +  Fe*SO«+  SCO. 


When  the  acid  is  first  poured  ou  the  pulverised  salt,  the  mass  becomes  hot  and  gives 
off  a  small  quantity  of  prussic  acid.  On  applying  heiit^  the  whit«  pa^Bty  mass  dissolves 
and  gives  off  abundance  of  carbonic  oxide,  which  is  pure,  excepting  that  it  has  a  slight 
garlic  odour ;  no  hydrocytinic  acid  pEisses  over  with  it^  but  only  a  trace  of  formic  acid  ; 
finally  also  a  small  quantity  of  siilphnrous  anhydride  is  evolved ;  but  if  the  heat  bo 
continued  after  ail  the  carbonic  oxide  has  paased  over,  large  quantities  of  sulphurous 
anhydride  are  evolved  and  the  ferrous  sulphatt?  is  converted  into  ferric  sulphnte,  which 
unites  with  the  sulphate  of  potassium^  forming  iin  iron-alum,  K(Fe')"'2SO*.  (Fo  wnes, 
PhiL  Mag.  [3]  xxiv.  21  j  see  also  Grimm  and  Ramdohr,  Ann.  Ch,  Pharm.  xcviii 
127.) 

14.  The  stronger  acids  addtd  in  the  state  of  dilute  solution ^  and  not  in  too  great 
excess,  to  a  soluoon  of  ferrocyanide  of  potassium,  produce  no  apparent  alteration;  but 
flubiequent  treatment  with  ether  i^hows  that  ferroprussie  acid  has  been  separated 
(p.  226)»  The  mixture  becomes  turbid  when  heated ;  boils  below  100°  C. ;  gives  off 
half  the  cyanogen  of  the  ferrocyanide  in  the  form  of  hydrocyanic  acid  ;  deposits  the 
white  or  yellow  powder  of  ferrocyanide  of  iron  and  fjotassium,  K*Fe*Cy*;  and  then  eon- 
tains  in  solution  a  compound  of  the  acting  acid  with  three-foarths  of  the  potassium. 
Supposing  that  the  ferrocyanide  of  potassium  is  not  completely  deeomposjed  in  the  cold 
— wnich,  though  not  cert.iin,  may  te  osBumed  as  true  when  only  3  at,  sulphuric  acid 
are  lusod — the  equation  will  be: 

2K*Fe»Cy"  -i-  3H'S0*  *  6HCy  +  K'Fe'Cy*  +  3K»S0*. 

But,  if  the  ferrocyanide  of  potass ium  is  completely  decompooed  at  the  commen cement, 
without  the  aid  of  heat,  into  forroprusaiti  acid  and  a  potassium-salt,  we  must  supfxwe 
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that  the  feiroprossic  acid,  when  resolved  bj  heat  into  hydrocyanic  acid  and  HTe^Cy* 
again  taikes  up  2  at  potasaium  firora  the  potassium-salt  produced : 

2WFeKy  +  2K«S0*  «  6HCy  +  K«Fe*Cy«  +  2KflS0*. 

According  to  calculation,  211*4  parts  (1  at.)  of  ciystallised  fbrrocyanido  of  potassium, 
yield  40*6  pte.  (1 J  at.)  or  19  per  cent,  of  hydrocyanic  acid. 

15.  Ferrocyanide  of  potassium  boiled  with  mercuric  oxide  is  gradually  decomposed, 
with  formation  of  mercuric  cyanide,  which  remains  in  solution,  together  with  carbonate 
of  potassium  formed  by  absorption  of  carbonic  acid  from  the  air,  while  ferric  hydrate 
produced  by  absorption  of  atmospheric  oxygen,  is  deposited  (Vauquelin): 

2(K*Fe«Cy«.3HH))+  CHg"©  +  4C0»  +  0  -  GHg^Cy*  +  4K«C0«  +  2Fe»H»0».  +3H«0. 

If  the  quantity  of  mercuric  oxide  is  not  sufficient  for  complete  decomposition,  the 
liquid  deposits  pale  yellow  rhombic  tablets,  probably  a  double  salt  of  cyanide  of 
mercury  with  ferrocyanide  of  potassium  (Preuss,  Ann  Ch.  Pharm.  xxix.  324).  When 
1  pt  ferrocyanide  of  potassium  is  boiled  with  2*5  pts.  mercuric  sulphate  and  8  pts. 
water,  cyanide  of  mercury  is  formed,  together  with  sulphate  of  potassium  and  ferrio 
sulphate,  and  metallic  mercuiy  is  precipitated,  together  with  a  small  quantity  of  a 
greenish -white  powder: 

2K*Fe«Cy«  +  THglSO*  -  6Hg"Cy»  +  4K?S0*  +  FeX80«)«  +  Hg. 

The  ferrocyanide  boiled  with  mercurie  nitrate  or  chloride^  forms  a  double  salt, 
K'Hg''Gy*  +  2  aq.,  which  ciystallises  in  white  micaceous  laminte  (Desfosses).  The 
hot  solution  of  the  ferrocyanide  takes  up  a  large  quantity  of  mereurie  iodide^  and  on 
cooling  deposits  a  double  salt  which  crystallises  in  lamins.     (Preuss.) 

16.  When  the  solution  of  the  ferrocyanide  is  boiled  with  nitrate  of  silver,  a  dirty 
blue  precipitate  of  ferrous  cyanide  is  juroduced,  while  cyanide  of  silver  and  potassium 
remains  in  solution: 

K«Fe«Cy«  +  4AgCy  «  4KAgCy«  +  2FeCy. 
A  similar  reaction  takes  place  with  chloride  of  silver  (Gerh.  L  327) : 
K^cKy  +  2Aga  -  2KAgCy«  +  2FeCy  +  2KCL 

17.  When  the  solution  of  ferrocyanide  of  potassium  is  boiled  with  a  few  drops  of 
sesquichloride  of  iron,  a  certain  quantity  of  ferricyanide  of  potassium  is  formea,  so 
that  the  liquid  yields  a  deep  blue  precipitate  with  ferrous  salts : 

3K*FeKy  +  2Fe«a«  -  2K»Fc«Cy«  +  6FeCy  +  6KC1. 

A  small  quantity  of  ferricyanide  is  also  formed  on  boiling  the  ferrocyanide  with  a 
large  excess  of  Prussian  blue.     (W ilHam  son,  Ann.  Cb.  Pharm.  Ivii.  238.) 

18.  When  ferrocyanide  of  potassium  is  heated  with  sal-ammoniac,  either  dry  or  in 
solution,  cyanide  of  ammonium  volatilises,  while  chloride  of  potassium  and  chloride  of 
iron  remain  (Duflos,  Schw.  J.  Ixv.  106.    Bine  an,  Ann.  Ch.  Phys.  Ixvii.  231.) 

19.  The  aqueous  solution  of  ferrocyanide  of  potassium  forms  with  the  salts  of  most 
of  the  earth-metals  and  heavy-metals,  precipitates  consisting  of  ferrocyanides  of  those 
metals,  e,Q, i 

KTeKy  +  4Cua  «  Cu*Fe«Cy«  +  4KCI; 
the  precipitate  generally  carries  down  with  it  a  small  quantity  of  the  alkaline  ferro- 
cyanide, which  is  difficult  to  remove  by  washing.  The  colours  of  many  of  those  preci- 
pitates are  Terr  characteristic,  and  render  ferrocyanide  of  potassium  a  valuable  reagent 
for  the  detection  of  metals  in  solution.  The  colours  exhibited  by  the  most  important 
metals  are  given  in  the  following  table. 

Seactions  of  Ferrocyanide  of  Potassium  toith  Metallic  Solutions, 

Salts  of  Aluminium      .  .  White  precipitate  (after  some  time  only). 

„       Antimony         .  .  White. 

„       Bismuth  .        .  .  White,  insoluble  in  hvdrochloric  acid. 

„       Cadmium.        .  .  White,  soluble  in  hydrochloric  acid. 

„       Chromium        .  .  No  precipitate.  ^ 

„       Cobalt      .        .  .  Yellowish-green,  turning  grey  after  a  while ;  insoluble 

in  hydroailoric  add. 

„       Copper  (cuprie)  .  Red-brown,  insoluble  in  hydrochloric  acid. 

Gold         .        .  .  Emerald-green  coloration ;  no  i>recipitate. 

','.       Iron :  (ferrous)  .  White  precipitate,  quickly  turning  blue  in  contact  with 
the  air;  insoluble  in  hydrochloric  acid, 

(ferric)    •  •  Beep-bloe,  insoluble  in  hydrochloric  acid. 
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Bdt*i  of  Lead        . 

„       Manganese 

„       MercuTj  (mercurous) 

„  „       {mercuric)  . 

„       MolyMcniim    . 
„       Nickel      . 

„       Silver      . 

„       Tin  (stannous  and 

stannic) 
„       Uranium  (nranous) , 
,,  „         (uranic)    . 

tt       Zinc 


White. 

"W"hito  (only  in  concentrated  solntions). 

White,  ijohiblc  in  hydrochloric  acid. 

White,  golatinoyi*. 

White,  t)c?conjiog  blue  ailer  a  while,  frtim  formation  of 

pnissian  blue. 
Brown.     {See  page  230,) 
White,  with  greczutfh  tinge,  insoliible  in  hydrocbloric 

acid. 
White. 

White,  gelatinous. 

Light-brown. 

Ked- brown, 

WhitCj  gohttinoua,  insolable  in  hydrochloric  add* 


The  solutions  to  which  the  resgent  is  applied  ehoulci  be  motlerfltely  acidulated :  too 
gr^iit  an  excesn  of  acid  is  likely  to  deeomiMJso  the  ferroeynnide  rif  pot-nisaium,  and  tlina 
mask  tbe  reaction  ;  and  in  alkaline  bquid«  the  preeipitatea  are  not  produced  at  all. 

The  pn^enc'c  of  iron  in  ft-iTOcyanide  of  potass inm  is  not  exliibited  either  by  catistic 
alkahs,  or  by  anipliiele  of  ammonium. 

Esiirfitithn  of  Ff^rori/dniti/'  of  ^otumium. — The  amonnt  of  this  salt  contained  in  » 
Bolution,  maybe  dtb'rmincd  by  means  at  permanganate  of  potitssiuTfiy  wbieli,  when 
added  to  an  acidulated  solution  of  the  ferro«?yanide  (containing  therefore  ferroprussic 
acid  in  the  free  state)  conyerts  it  into  ferri cyanide : 

6n*Fo*C/  +  Mu*HO«  +  2HCI  =  eH'Fe-Cy*  +  2MnCl  +  AKH}. 

The  Bolution  of  permanganate  is  graduated  by  means  of  a  standard  edution  of  ferro- 
cyanide  of  potassJnm  cont&lmng  20  grarames  of  the  pure  ciyrtalliaed  salt  in  a  litre  ;  of 
this  Bolution  10  cub.  cents,  are  duuted  with  250  cub.  cents,  watcj-;  the  liquid  is 
acidulated  with  hydrochloric  acid;  and  the  solution  of  permanganate  \e  tben  added  till 
the  yellow  colour  of  the  liquid  changes  to  the  vellowi,«fi-rcd  of  the  ferricyauide.  Aa 
the  solution  of  permanganate  changes  very  rapidly,  this  mode  of  graduation  (which  is 
verj'  quickly  executed)  must  be  repeated  before  each  pcries  of  determinations. 

To  apply  the  method  to  the  estimation  of  an  impure  sample  of  yellow  prusaiate, 
6  grammes  of  the  salt  are  diiisolved  in  250  ec.  water,  and  10  cc  of  tbe  solution  are 
treated  with  the  solution  of  permanganate  whose  etrength  has  just  been  determined. 
If,  for  example,  80  bu^ette-di\^MioD9  of  the  permanganate  solution  are  Tcquired  to 
decompose  10  cc  of  the  solution  of  pure  ferrocyanide,  and  only  70  diiriaions  for  10  ce, 

70 
of  the  solution  of  the  given  sample,  that  sample  will  contain  —  or  87  "5  per  cent,  of 

pure  cryBtallised  ferrocyanide  (De  Itaen^  Ann.  Ch.  Pharm,  xc,  lOO).  Slater  (Chem. 
Gaz,  1866,  p.  460)  graduates  the  solution  of  jwrmanganate  by  adding  it  to  the  normal 
solution  of  fetrocyaoide  till  the  last  dn>p  no  longer  produces  any  pjeen  coloration. 

Tills  method  will  not,  however,  give  aceurate  results,  if  the  j^ellow  ^russi&te  is  cou* 
taminated  with  any  tmbetanco  which  can  Hkewii^e  exert  a  reducing  action  on  the  per^ 
manganate.  If  eueh  are  present,  or  sus^^iect^nl^  the  salt  must  bo  first  precipitate<l  o« 
pntBsian  blue  (ferric  ferroeyanide'),  and,  after  careful  wHsbing,  reconverted  into  ferro- 
eyanide  of  potassium  by  pure  potash.  This  purilied  salt  may  then  be  treated  by  the 
method  ju.st  described  (Hoffmann.) 

Bronnquell  efltimatea  the  amount  of  ferroeyanide  of  potassium  in  a  sample  by  the 
quantity  of  a  ferric  salt  required  to  precipitate  a  given  quantity  of  it.  The  standard 
ferric  solution  is  prepared  by  di&M)lving  83*70  grm.  of  pure  cryatjdliaed  ferrous  mdphate 
in  water,  and  boiling  the  sohilion  witJi  nitric  acid  till  it  is  eomp^letely  oxidised,  aud 
dilntine  to  a  litre*  lOO  ca  of  this  solution  T^Hill  precipitate  exactly  10  grm.  of  pure 
cryBtallised  yellow  pru>i9iate  iu  tbe  form  of  bydrated  ferric  ferroeyanide  ; 

3(K*Fo'Cy«.3H=D)  +  2Fe*(S0^)»  «  Fe"Cy".9IF0  +  OK'SOS 

taking  into  account  the  small  quantity  of  the  yellow  pnissiate  which  is  carried  dofwn 
with  the  precipitate. 

To  apply  this  solution  in  estimating  the  value  of  a  sample  of  *•  metal"  (p.  232), 
10  grm.  of  the  mi_-tal  are  dissolTcd  in  water  ;  a  few  drojis  of  the  stand arfl  ferricnolutinn 
are  added  fr<:»m  u  burette,  then  a  fimall  qunntity  of  dilut-e  nitric  acid^  till  the  precipitate, 
which  is  brown  at  fii-st^  tum«  blue ;  the  test-liquid  is  then  added  as  long  a-s  prussian 
blue  eontiiiiues  to  form,  Ti«  know  wbni  the  reaction  is  complete,  a  dr()p  of  the  liquid 
i«  let  fall  on  filterinjT  papor,  an^l  tlic  colourless  circle  which  forms  round  the  bhje  wfiot 
is  tested  with  ferric  solution  diluted  for  the  purpose;  and  the  ad<liliiju  of  tbe  iron 
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solution  to  the  liquid  under  examination  ia  continued  till  the  sample  on  the  Altering 
paper  is  turned  brown  on  addition  of  the  iron-salt  (from  formation  of  sulphocyanate  of 
iron),  or,  till  it  turns  blue  on  addition  of  yellow  prussiate,  showing  that  it  contains  a 
Blight  excess  of  ferric  salt  (Brunnquell,  Polyt  Centralb.  1863,  p.  771;  Handw.  d. 
Cbem.  2»«  Aufl.  ii.  [2]  206). 

FsBBOCTANiDB  OF  Stlybb,  Ag*FeKJy". — White  precipitate,  tumingbluish  when 
exposed  to  the  air ;  soluble  in  ammonia,  insoluble  in  ammoniacal  salts.  When  heated, 
it  glows,  gives  off  cyano^n  and  nitrogen,  and  leaves  carbide  of  iron  mixed  with 
metallic  silver.  Nitric  acid  converts  it  into  the  orange-yellow  ferricyanide,  Ag*Fe*Cy* 
(Glassford  and  Napier).  Strong  sulphuric  acid  also  decomposes  it,  forming 
sulphate  of  silver.  Other  acids,  even  hydrochloric  acid,  exert  no  decomposing  action. 
Cyanide  of  potassium  converts  it  into  argentocyanide  and  ferrocyanide  of  potassium ; 
Ag^Fe^Cy*  +  8KCy  «  4KAgCy«  +  K*Fe-Cy«.  (Glassford  and  Napier,  PhiL  Mag. 
[3]  XXV.  71.) 

Febroctanidb  op  Sodium,  Na^Fe'Cy*  +  12  H^O. — Usually  obtained  by  adding 
prussian  blue  to  caustic  soda  as  long  as  the  blue  colour  changes  to  brown,  then  filter- 
ing and  crystallising.  The  crystalB  are  pale  yellow,  transparent^  oblique  rhombic 
pnsms,  efflorescing  in  warm  air,  soluble  in  4^  pts.  cold  water,  insoluble  in  alcohol. 

The  crystals  belong  to  the  monocHnic  system.  Dominant  faces  ooP .  [  ooPoo  ]  . 
odPoo  .  [Poo].  Inclination  of  ooP  :  ooP  =  99°  40' ;  ooP  :  [ooPoo]  «  139°  60' ; 
odP:  ooPoo  =  130°  10';  [Pool:  [ooPoo]  =  127°  66';  ooP  :  [Poo]  =  118°  33'. 
The  faces  [  oePoo  ]  are  often  mucn  developed.     (Bun sen,  Pogg.  Ann.  xxxvi.  413). 

As  soda  is  very  much  cheaper  than  potash,  it  has  been  proposed  to  prepare  ferro- 
cyanide of  sodium  on  the  manu&cturing  scale  by  fusing  carbonate  of  sodium  with 
animal  matter  and  iron.  The  sodium-salt  is,  however,  much  more  difficult  to  crystallise 
than  ferrocyanide  of  potassium,  and  would  therefore  be  scarcely  separable  from  the 
very  impure  lyes  obtained  by  lixiviating  the  metal.  The  preparation  of  ferrocyanide 
of  sodium,  might,  however,  succeed  by  Bnmnquell's  process  (p.  238).  But^  as  already 
observed,  the  most  promising  substitute  for  the  ordinaiy  yellow  prussiate  appears  to 
be  the  ferrocyanide  of  barium  (pp.  224,  239). 

Ferrocyanide  of  Sodium  and  Potassium,  NaK'Fe'Cy*  +  J  aq.—  Obtained  by 
treating  a  mixture  of  ferricyanide  of  potassium  and  grape-sugar  with  caustic  soda,  or 
by  boiling  a  solution  of  the  correspondmg  ammonium  salt  (NH*)K*FeK;?y*,  with  caustic 
soda ;  it  may  be  purified  by  precipitating  with  alcohol  and  recrystallising.  It  forms 
rhombic  or  nearly  square  prisms,  having  a  glassy  lustre  and  easily  soluble  in  water : 
they  do  not  give  off  their  water  below  200°  C.  Chlorine  appears  to  convert  the  salt 
in  sodio-potassic  ferricyanide,  NaK*Fe*Cy*.    (Beindel,  J.  pr.  Chem.  Ixv.  460.) 

FERBOCTA.NIDES   OP  TiK.    .  >       g  ^An 

Fbrboctakidss  op  Ubaiouu.^  P* 

Fbsroctanidb  op  ZiHO^Zn^Fe'Cv*  +  3  aq.,  is  precipitated  as  a  white  powder, 
on  mixing  the  solution  of  a  zinc-salt  with  ferrocyanide  of  potassium ;  also,  according  to 
Jonas,  by  digesting  metallic  zinc  with  pulverised  prussian  blue  mixed  with  hydro- 
chloric  acid;  hydrogen  is  thus  evolved,  and  the  mixture  gradually  loses  its  blue  colour, 
hut  the  reaction  is  not  complete  for  some  days. 

Ammonio-ferrocyanide  of  Zinc,  3NH*.Zn*Fe*Cy*  +  aq.,  or  Ferrocyanide 

of  Zinc  and  Diammo-eincammonium,  ^n*  (^e'Cy*  +  aq. —  Obtained  as 

a  crystalline  precipitate  on  adding  ferrocyanide  of  potassium  to  a  dilute  solution  of  a 
nnc-salt  supersaturated  with  ammonia.  (]Bunsen,Pogg.Ann.xxxiv.  136;  Monthiers, 
J.  Pharm.  [3]  xi  263.) 

VeiTlojanides  or  reirldoyanides. 

MTeKy  «  3MCy.Fe«Cy«. 
These  salta,  discovered  by  Leopold  Gmelin,  differ  from  the  ferrocyanides  only  in 
containing  1  at.  metal  less  with  the  same  quantity  of  iron  and  cyanogen,  and  are  con- 
sequently produced  from  the  ferrocyanides  by  the  action  of  oxidising  (metal-abstract- 
ing) agents,  chlorine,  chromic  acid,  peroxides,  &c. : 

M*FeK)y«  -  M  =  M*Fe*Cy«. 
Ferrocyanide.  Ferricyanide. 

On  the  other  hand,  ferricyanides  are  converted  into  ferrocyanides  by  the  action  of 
redacing  (metal-adding)  agents ;  thus  ferricyanide  of  potassium  is  converted  by  grape- 
•ogar  in  presence  of  potash  into  ferrocyanide  of  potassium,  and  in  presence  of  soda  or 
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ATninania,  into  the  donble  feirocynnide  of  potastdmn  and  sodium  or  ammonium  (pp.  224, 
243).  The  conveision  of  a  fi»rrooyamdo  mtoafomcyiinido  is  therefore  preciBcly  imalo^ 
gOQS  to  that  of  ppotochloride  of  iron  into  seaquichloride,  tJji*  imn,  as  in  other  cnMesi  of 
oxidntioiit  being  altered  in  such  a  maBncr,  that  whereas  in  tho  ferrocyanidefl  2  at.  iron 
are  eqairalent  to  2  at.  hydrogen,  in  the  ferncjanidea  2  at.  iron  are  equivaJent  to  3  at 
hydrogen. 

The  relations  between  the  fprro-  and  ferric jan ides  may  perhaps  he  most  dearly 
icen  by  ejtpresaing  thcLr  composition  in  eqniralent  instead  of  atomic  formulae : 


Ferrocyanidfl  of  potassium     « 
Ferricyanide  of  potassinm 
Ferrocyanide  of  iron  and  potassium 
Ferricyanide  of  iron  und  potassium 


K*Fe*Cy« 
K¥e»Cy* 
(K'Fe=)FcK7y* 
(]IFo«)fo»Cy« 


The  equivalent  formulae  of  the  simple  ferricyanides,  such  as  K*fc*Cy*,  are  diviaibk  by  3 
and  may  ho  reduced  to  MftC!!)'*  or  MCy^feCj'. 

Tht?  ferricyamdes  may  also  be  regarded  as  containing  the  compound  radicle, /(Tri- 
or/«Tfrf-cyaii<^n,  Fe'Cy*  ^  Cfd/ :  t,  a.  K'Fe^Cy*  -  K«Cfdy. 

The  ferrocyanides  of  the  alkali- metals  are  easily  soluble  in  yr&tesr  and  crystallise 
well ;  both  crystals  and  solutions  have  a  Hue  red  coloor.  The  ferricyanides  of  the 
aUcaHne  earth-meUds  are  also  soluble  in  water ;  most  of  the  othen  ire  insoltible  or 
difficultly  soluble^  and  may  be  formed  by  precipitation. 


Eeacti<m$  of  mlvUe  Ferrictfanidu  with  MttaUic  SalUt. 


Baits  of  Aluminium 
Antimony 
Cadlmium 


Bismuth  . 

Chromium         ,         . 

Cobalt       . 

Copper  (cnpric) 

Gold 

Iron  (ferrous)  . 

,,    (ferric) 
Irfjad 

Magnesium 
Manganese 
Mercoiy  (mereurous) 
♦,         (mercuric)   . 
Nickd       . 
Tin  (stannous)  . 
,.    (stannic)    , 
TJranium  (nranic)     . 
Zinc 


Ko  precipitate. 
No  precipitate. 
Yellow  precipitate,  soluble  in  acidst  ammonia^  and  am- 

moniacal  sidts. 
Light  brown,  insoluble  in  hydrochloric  acid 
No  procipitate. 

Dark  brown*red,  insoluble  in  hydrochloric  add. 
Yellowish*green,  insoluble  in  hydrochloric  add. 
No  pT^'cipitate. 
Dark  blue,  insoluble  in  acida 

No  precipitate,  theUquid  merely  becoming  a  little  darker. 
No  predpitate. 
No  precipitate. 

Brown  precipitate,  insoluble  in  acids. 
Red-brown,  turning  white  aft^r  some  time. 
No  predptate. 

Yellowish -green,  insoluble  in  hydrochloric  acid, 
"VTlsite,  soluble  in  hydrochloric  acid. 
No  precipitate. 
No  precipitate. 
Orange  predpitate,  soluble  in  hydrochloric  add. 


Fbbbicyakidi  of  AvMOKitJM,  (Nn*)'Fe*Cy*  +  3  aq.,  obtained  by  the  action 
of  chlorine  on  the  feiTocyanide,  forms  oblique  i-hombic  prismSj  of  a  flne  led  colour, 
pennanent  in  the  air,  very  soluble  in  water. 

FsRRicTAKinB  or  Co  ppmn,^^  Ye  Ho  wish -green  precipitate,  soluble  in  ammonia; 
and  always  retaining  a  small  quantity  of  the  alJfalme  ferricyanide  xlm^  to  precipi- 
tate it. 

FBRntcTAKinn  of  Htdroobk,  or  Fkbriphusstc  AoiDj  H'Fo'Cy^ — 
3HCy.Fe*C}^,  is  obtained  by  decomposing  ferricyanide  of  lead  with  an  exactly  eqttiTB- 
lent  quantity  of  dihito  sulphuric  acid,  and  evaporating  the  filtrate  at  a  gentle  heat-  It 
forms  brownish  neetUes,  easily  decomposed  by  a  strongfir  heat;  I'eddens  litmus 
strongly,  und  has  a  rough  sourish  taste.  The  solution  gives  a  dark  blue  precipitate 
with  ferrous  salts,  and  alters  the  colour  of  ferric  chloride  to  a  lighter  brown,  {Qm* 
TiL  448.) 

Fbrriotakibb  op  InoN.-^a.  Ferrous  Ftrrie^anide^  Fe*Cy*  -t-  f  aq.  « 
Fe*.Fe*Cy*  +  j  aq.  «  Fefe*Dy*  -f  x  aq. — This  compound^  commonly  called  Twm- 
IndCs  btucj  is  obtained  by  precipitating  a  ferrous  salt  wiih  ferricyanide  of  potassium : 

3FeCl  +  E:»J'e-Cy«  «  3KC1  +  Fe^Fe'Cy'. 

A  portii.n  of  the  alkaline  ferrocyanide  goes  down  with  the  predpitate,  but  may  b* 
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removed,  according  to  Williamson,  by  digesting  the  precipitate  for  some  time  with 
excess  of  protochloride  of  iron,  and  then  washing  with  boiling  water. 

Ferrous  ferricyanide,  when  dry,  is  of  a  deep  blue  colour,  more  delicate  than  that  of 
ordinary  prussian  blue,  with  a  tinge  of  copper-red ;  it  cannot,  however,  be  dried  com- 
pletely without  partial  decomposition,  attended  with  evolution  of  hydrocyanic  acid. 
When  heated  in  contact  with  the  air,  it  is  converted  into  a  mixture  of  ferric  oxide 
and  ferric  ferrocyanide  (p.  227) : 

12Fe»Cy«  +  0«  «  Fe*0»  +  4Fe'*Cy". 

Heated  with  aqueous  potash  or  carbonate  of  potassium,  it  is  converted  into  ferri- 
cyanide of  potassium  and  fenoso- ferric  hydrate : 

Fe*Cy«  +  4KH0  «  K*Fe«Cy«  +  Fe'p2.2H»0. 

This  reaction  distinguishes  it  from  ferric  ferrocyanide,  which  yields  ferric  hydrate 
when  treated  with  aqueous  alkalis. 

Tumbull's  blue  is  occasionally  used  by  the  calico-printer,  who  mixes  it  with  per- 
chloride  of  tin,  and  prints  the  mixture,  which  is  in  a  great  measure  soluble,  upon 
Turkey-red  cloth,  raising  the  blue  colour  afterwards  by  passing  the  cloth  through  a 
solution  of  bleaching  powder  containing  excess  of  lime.  The  chief  object  of  that 
operation  is  indeed  different,  namely  to  discharge  the  red  and  produce  white  patterns 
where  tartaric  acid  is  printed  on  the  cloth  ;  but  it  has  also  the  effect  incidentally  of 
precipitating  the  blue  pigment  and  stannic  oxide  together  on  the  cloth,  by  neutralising 
the  acid  of  the  stannic  chloride.     (GrahanCs  Elenunts^  2nd  edition,  vol.  ii.  p.  40.) 

b.  Ferroao-ferric  Ferricyanide,  Fe'*Cy'*  + xaq.=(Fe/e*)/c*Cv«  +  xaq.— This 
compound,  often  called  Prussian  green^  is  produced  by  the  action  of  chlorine  in  excess 
on  aqueous  ferro-  or  ferri-cyanide  of  potassium  ;  also  by  leaving  the  ferrocyanide  for 
some  time  in  contact  with  aqueous  acids,  especially  in  hot  solutions  (Pelouze).  To 
obtain  it  pure,  chlorine  in  excess  is  passed  into  a  solution  of  yellow  or  red  prussiate ; 
the  liquid  is  heated  to  boiling ;  and  the  precipitate  is  boiled  with  strong  hydrochloric 
acid  to  extract  oxide  of  iron  and  decompose  any  prussian  blue  that  may  have  been 
formed  at  the  same  time,  this  treatment  being  continued  till  the  liquor  is  no  longer 
turned  blue  on  addition  of  water  (Pelouze,  Ann.  Ch.  Phys.  [2]  Ixix.  40).  Williamson 
appears  to  have  obtained  the  same  compoimd  by  the  action  of  nitric  acid  on  ferro- 
cyanide of  iron  and  potassium  (p.  229). 

Prussian  green,  heated  to  180°  C,  gives  off  cyanogen,  with  a  little  hydrocyanic  acid, 
and  ia  converted  in  a  short  time  into  a  violet-blue  compound ;  by  prolonged  contact 
with  the  air  it  is  converted  into  prussian  blue.  Potash  decomposes  it,  separating 
ferric  hydrate,  *and  forming  a  solution  of  yellow  and  red  prussiate : 

2Fe"Cy'«  +  21KH0  =  3K<Fe«Cy«  +  3K»Fe«Cy«  +  yPe^HK)'. 

PotassiO'ferrous  Ferricyanide,  KFe<Cy«  =  (KFe*)/c«Cy«.  (Williamson 
Ann.  Ch.  Pharm.  Ivii.  228.) — This  compound,  which  may  also  be  regarded  as  potassia- 
ferric  ferrocyanide^  (Kfe*)Fe*Cy*,  is  produced  by  the  action  of  oxidising  agents  on 
potassio-ferrous  ferrocyanide,  (K'Fe'').Fe*Cy*  (p.  229).  To  prepare  it,  1  pt.  of  the 
white  compound  is  digested  in  a  basin  with  1  pt.  nitric  acid  and  20  pts.  water,  the 
liquid  being  constantly  stirred.  As  the  temperature  approaches  the  boiling- point» 
the  compound  begins  to  turn  blue  and  nitric  oxide  is  evolved;  as  soon  as  this  evolution 
of  gas  becomes  rapid,  the  basin  must  be  removed  from  the  fire ;  the  gas,  however,  con- 
tinues to  escape  till  the  solid  compound  has  assumed  a  deep  blue  colour.  If  the 
colour  be  not  aeep  enough,  the  compound  must  be  again  heated  with  fresh  nitric  acid, 
till  a  sample  decomposed  bv  caustic  potash  no  longer  leaves  ferroso-ferric  but  pure 
ferric  oxide.  The  product  is  then  to  be  washed  till  the  wash- water  no  longer  leaves 
a  residue  of  nitre  on  evaporation.  If  the  action  of  the  nitric  acid  has  been  too  strong, 
the  resulting  blue  compound,  when  treated  with  potash,  yields  the  red  instead  of  the 
yellow  prussiate,  and  is  then  useless. 

When  dry,  it  exhibits  a  very  beautiful  violet  colour,  with  scarcely  any  coppery 
lustre.  The  recently  precipitated  compound,  suspended  in  water,  appears  green  by 
transmitted  light. 

By  further  boiling  with  nitric  acid,  this  blue  compound  is  converted  into  a  dark  green 
suhstance,  which  appears  to  be  identical  with  Pelouze's  prussian  green.  It  is  decom- 
posed by  aqueous  potash,  yielding  ferrocyanide  of  potassium  and  ferric  hydrate : 

KFe*Cy«  +  SKHO  =  K*Fe«Cy«  +  Fe«H'0». 
Potassio-ferrous   ferricyanide   digested  with  solution  of  ferrocyanide  of  potassittin, 
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convert*!  tlio  latter  into  ferncyamde,  and  is  itaelf  conTerted  into  whito  potowio-ferrotti 
ferrocyanide : 

KFe*Cy*  +  K^FeKy  ==»  K"Fe*Cy«  +  K'Fe'Cy*. 

bluifC(>m-  yellow  r^dpru*•  whit*  com. 

poiind,  |iru*iUt«.  »i*te,  pound. 

Febri CYANIDE  OF  Lead,  ohtaiDed  bymixingnitrateof  lead  with  ferricjranide  of 
potiuitfimn,  forms  dark  red-brcjwti  orjstJils,  grouped  like  cooks'  combs :  they  iinj  dightlj 
solable  in  cold  water,  rather  more  in  hot  water. 

Fbukicyanidh  op  MACxBsrojt,— Obtained  by  treating  the  fefro«janide  with 
chlorine.     Very  soluble,  uncrj-stidliEable. 

FsBRtcYANiDB  OF  NicKBL. — Yellowiflh  green  precipitate,  inaolnble  in  hydro- 
chloric iwUh 

On  adding  ferricyanide  of  potaasinm  to  an  amraonmcal  solution  of  nitrate  of  nickel^ 
a  ppcM^ilJitate  is  formed  of  a  £ne  yellow  colour,  soluble  in  exc<?8a  of  aiDuionia,  and 
hu^ig  the  coinpoaition  of  an  ammonio-firricyanide  of  tnckti,  2Nn'.iSi*Fo-CTy»  +  J  aq,, 

or  frrncyaHid«  of  nickd  and  nkkcl-ammcmium^  ^        ^y  I  Fe'Cy*  +  J  aq. 

Feruictanidb  or  PoTASsiuat,  K'Fe'Cj*  =  3KCy.FoK!y*.  Ferridcyamds  of 
Pottfsgium,  Ked  prussiate  of  Potmk  (Rothes  CyaneutnJcaliufn^  rotkcs  Bluliaii^enmLfft 
K(t/{ftmft«tnc^auid,  Ferridci/ankaliti/n.)— This  beautiful  saltTf  wJiich  was  discoTered  by 
Leopold  Gmelin  (Schw.  J.  xxxir.  325;  Handhmik^  viL  468),  ia  obtained  by  tUe 
-action  of  oxidising  agents  on  ferrooyanide  of  potassium.  It  is  usually  preparetl  by 
■  pulsing  washed  chlorine  gaa  (with  constant  agitation,  to  ensure  uniformity  of  action) 
thnmgh  a  cold  solution  of  the  yellow  prussiate,  till  a  ea^mple  t^^stM  with  a  ferric  salt* 
no  longer  forms  a  dark  blue  precipitnte,  but  a  clear  brown  mixture.  The  bqnid  is  l:hen 
evaporated  till  it  crystallises,  and  tlie  crj'iitals  are  purified  by  repeated  erj^talLisation 
from  hot  water.  Lm^er  crystals  are  obtained  by  hot  eTaporation  than  by  cooling  firom  a 
mpitily  boiled  solution.  The  mother-liquor  contains  scarcely  anything  but  chloride  of 
potassium. 

If  the  passage  of  the  chlorino  into  th«  liquid  is  continued  too  long,  pms^ian  green 
is  produced,  which  greatly  interfcrfs  with  the  crystallisiition,  and  caniiot  be  soparaled 
by  filtration^  as  it  run«  through  the  filters.  To  remove  it,  Posselt  (Ann.  Ch.  Pharm. 
xlii.  170)  evaporates  the  soluliun  to  the  crypt&llieing  point,  then  boih  it^  adding  a  few 
dTo\ts  of  L-austic  potash,  just  Hufficient  to  decompose  the  green  compound  and  sopiirate 
ferric  oadde  (p,  246),  then  filters,  and  leaves  the  solution  to  crystallise  by  slow  cooling. 
An  excess  of  potash  must  l>e  carefully  avoided^  as  it  reconverts  the  red  into  yellow 
pru*i8iute ;  a  certain  cjuaiility  of  the  hitter  is,  however,  necessarily  formed  in  the  docom- 
position  of  tho  prusaian  gtcen  (p.  245). 

It  is  not,  however,  an  easy  matter  to  obtain  perfectly  pure  ferrocyanide  of  potassium 
by  tho  preceding  process,  partly  on  account  of  the  chloride  of  potassium  necessarily 
ppodiiced,  partly  on  account  of  the  pmssian  green,  the  formation  of  which  can  scarcely 
be  avoidedt  both  of  these  substanceB  interfering  greatly  with  the  formation  of  good 
crvMtals*  A  sure  way  of  obtaining  a  pure  salt  is  to  digest  the  solution  of  the^ellew 
pnissiiite  with  an  excess  of  potassio-ferrous  ferricyanide  (p.  245),  which  convert*  it  com- 
pletely into  red  prussiate.  The  liquid,  filtered  aad  evaporated,  yields  atonce  pure  arstalfl 
of  tlie  red-salt.  The  pale  blue  re^iidiie  on  the  filter,  which  consists  of  wliite  potassio- 
fern^us  ferrocyanide*  mixed  with  the  exceii.«i  of  the  blue  salt  nsed^  may  be  entirely  re- 
converted into  the  latter  by  digestion  with  citric  acid,  so  that  it  may  be  repeatedly 
usetl  for  converting  fresh  quantities  of  theyellow  prussiate  into  the  red.  (Wi  lliamson.) 
Yi41ow  pmssiate  may  abo  be  converted  into  red  by  the  action  of  hypochlorites,  hy 
digesting  tho  solution  with  finely  pulverised  peroxide  of  load  or  mangiinese,  by  o^ftone, 
or  by  placing  it  in  the  circuit  of  the  voltaic  battery  (p.  240). 

For  tnanufatcturing  pur|)OHes,  the  chlorine  process  is  invariably  used,  tho  yellow 
prusaiate  being  tn^ated  with  chlorine^  either  in  the  dry  or  in  tho  wet  way*  In  the  dry 
way,  red  prussiate  is  prt^mred  bjr  spreading  the  pulverised  yellow  salt  on  shelves  in 
a  chitmber  into  which  chlorine  is  passed,  just  as  in  the  manufacture  of  bleaching 
pfjwder.  In  this  manner,  a  bluish-green  powder  is  obtained,  which  is  n  mixture  of  tho 
ferricyanide  with  chloride  of  potassium,  likewise  containing  either  decomposition* 
products  of  the  former,  or  unaltered  yellow  prusaiate. 

The  wot  method  of  decomposition,  which  is  mor©  frequently  practised,  is  exactly 
similar  to  the  laboratory  process  above  described.  Tho  last  mother- liquors,  which 
contain  ehiefly  cliloride  of  potassium  with  a  small  quantity  of  red  (and  sometimes  also 
yellow)  prus^Hiute,  are  either  cvaf>onited  to  dryness  and  sold  as  "blue  powder"  for 
dyeing  wool  blue;  or  they  are  pppclpitatetl  with  solution  of  ferrons  sulphate,  the  pro- 
cipitftte  being  sold  as  pmssian  or  Turn  bull's  blue. 
Properika*  —  Ferricyanide  of  potassium  forms  prismatic  crystals  of  a  fine  blood-red 
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colour,  sometimes  rery  large.     According  to  K opp  (KTystalloffraphif,  p.  311),  they 

belong  to  the  monodinic  system,  the  ordinary  combination  being  ooP  .  ooPoo  .  +  P .  —  p 

(Jiff.  363).      Ratio  of  axes  a:  b:  o  z=  07457  :  1  :  0-6985.      Inclination  of   b:c  ^ 

7^  27';  angle  ooP :  ooP  in  the  clinodia-  ^i^^  363.  j^-     ^f.. 

gonal  section  =  76<>    4';    +P  :  +P  =  ^  ^ '^-  '^^*- 

106<^  4';   -P:  -P  -  119°  28'.     Twin-  ^     /   ^      >  / '^p 

dystals  sometimes  occur,  united  by  the  /T-p/  +^  /\  ^  /^^  ^p 

face    00  Poo  (Jiff.  364),  and  having  veiy 

much    the    aspect    of   rhombic    prisms.  /    '   /        f 

Schabus,    indeed    (Wien.    Akad    Ber.  /  / 

I80O,   p.   682),   regards  the  crystals  of       / „^  I   ^pl  /^/         /<^ 

ferricyanide  of  potassium  as  rhombic  or       It!    "  /  /■/         I   ^    I  *^/  /*/ 

triraetric,  having  their  axes  in  the  ratio      ,    ,   . 

1-2418  :  1*6706  :  1,  and  ordinarily  exhi-     /    "'  /        / 

biting   the   combination    oeP  .    ool*oo    . 

P  .  P2  .  2J^| ;  he  attributes  their  mono-    t*^  I     :^**  ^^ 

clinic    aspect   to  the  occurrence  of  the    ^     '    '     """^^  ^  '    '"*" 

face  P2  in  combination  with  fP|  on  the 

one  side  of  the  brachydiagonal  principal  section,  and  with  ooP  and  oof  00   on  the 

other. 

The  crystals  are  anhydrous,  and  have  a  specific  gravity  of  1*800  (Schabus),  1-846 
(Wallace).  The  salt  has  a  saline,  slightly  astringent  taste,  neutral  reaction,  and 
yields  an  orange-yellow  powder.  It  dissolves  easily  in  water,  the  concentrated  solution 
having  a  brownish-yellow,  and  the  dilute  solution  a  lemon-ycUow  colour. 

One  part  of  the  suit  dissolves : 

at      4*4°  C.  in  3*03  pts.  water,  forming  a  solution  of  specific  gravity  1-161 

„     10-0    „      2-73 1164 

„     16-6     „      2-64 1-178 

„     37-8     „      1*70 1-225 

„  1000     ,.1-29 1-260 

„  104-0     „      1-22 1-266 


The  concentrated  solution  boils  at  104°  C. ;  it  is  precipitated  by  alcohol,  but  the  salt 
is  not  quite  insoluble  in  alcohoL 

DecomposUions. — 1.  The  .crystals  heated  in  a  close  vessel  decrepitate  loudly,  and  give 
oflf  cyanogen  with  a  small  quantity  of  nitrogen,  leaving  a  residue  containing  cyanide 
and  ferrocyanide  of  potassium,  prussian  blue,  amass  resembling  paracyanogen,  charcoal, 
and  iron.  In  the  flame  of  a  candle,  the  salt  bums  with  sparks. —  2.  It  becomes  incan- 
descent when  heated  with  oxide  of  copper,  and  detonates  sharply  when  heated  with 
nitrate  of  ammonia.—  3.  The  aqueous  solution  is  permanent  in  the  dark,  but  decom- 
poses in  sunlighty  also  when  boiled  for  a  considerable  time,  being  converted  into  yellow- 
prussiate. —  4.  When  the  salt  is  electrolysed,  yellow  prussiate  is  formed  at  the  negative 
pole. —  6.  Chlorine  in  excess  decomposes  red  prussiate,  chloride  of  cyanogen  and  hydro- 
cyanic acid  being  evolved,  whilst  the  liquid  acquires  a  dark  red  colour,  and  on  standing 
in  an  open  vess^  or  more  quickly  on  boiling  or  on  addition  of  an  alkali,  deposits  prussian 
green. — 6.  Bromine  acts  in  the  same  manner  as  clilorine  (Sme  e). — 7.  Nitric  acid  forms 
with  the  crystals,  gradually,  even  at  ordinary  temperatures,  a  brown  solution  like  that 
which  it  produces  with  the  yellow  ferrocyanide  (p.  240)  ;  it  deposits  crystals  of  nitre, 
and  contains  nitroferricyanide  of  potassium  (PI  ay  fair).  —  8.  The  pulverised  crystals 
heated  with  strong  sulphuric  acid  become  pale  yellow,  and  impart  that  colour  to  the 
acid ;  at  a  higher  temperature,  the  mass  becomes  bluish-white  and  tough ;  at  a  still 
higher  temperature,  it  swells  up  and  evolves  combustible  gases ;  and,  finally,  at  a  red 
heat,  leaves  a  residue  of  potaasio-ferric  sulphate. — Sulphuric  acid  forms  with  the  aqueous 
solution  a  green  precipitate,  which  consists  of  Fe^Cy*  [?]  mixed  with  a  small  quantity 
of  cyanide  of  potassium,  and  turns  blue  when  boiled  with  excess  of  sulphuric  acid,  part 
of  the  cyanogen  being  thereby  converted  into  ammonia  (Williamson,  Ann.  Ch. 
Pharm.  Ivii.  243). —  9.  The  aqueous  solution  of  the  red  salt  boiled  with  ht/drochlorio 
acid,  deposits  ferrous  ferricyanide,  the  reaction  being  probably  attended  with  evolution 
of  cyanogen : 

3K«Fe«Cy«  +  lOHa  =  Cy«  +  lOHCy  +  9Ka  +  FeCl  +  Fe»Cy. 

10.  Ferrous  salts,  added  in  equivalent  quantity  or  in  excess  to  a  solution  of  red  pnuh 
nate,  form  a  precipitate  of  ferrous  ferricyanide : 

K»FeKJy«  +  3Fea  -  SKQ  +  FeKy; 
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but  on  adding  fa  the  boiling  eolution  of  the  red  salt,  a  quantity  of  pmtochloride  of  imn 
not  Ruffieient  for  €ompl<*t«  precipitation,  tho  yellow  ferro<:jan id©  is  formed,  and  ferrio 
ft^TToeyarjide  is  procipitatx.*d  (Liebig^  Ann.  CJi*  Phurm.  Mi-  237) : 

4K"Pe«Cy«  +  8FeCl  -  &EC1  +  KTeKJy*  +  Te'VfK 

11,  When  the  aqtieous  solution  of  ferricjanide  of  potansinm  is  hoil<?d  with  mercuric 
fmdr,  tho  whole  of  the  iron  is  precipitati*d  in  the  form  of  pulverulent  ft^rric  oiide, 
to  which  email  quantities  of  potiissium  and  eyanogen  ttniK^iouelj  adbore  (Gmelin): 

2K»Fe*C>'«  +  6Eg"0  ^  3K»D  +  Fe^O»  +  QRg*Cj\ 

12,  FotcLsh  do«i  not  act  on  the  solution  at  ordinary  temperatnreH^  or  OT<»n  at  higheir 
tempc»ratttrefi,  unle***  the  liquid  be  boiled  down  to  a  high  state  of  concentration  ;  in  that 
Ciwe  tho  red  pntaniato  is  cjinverted  into  the  yellow  prnsaiate  and  cyanide  of  pota^inm, 
with  evolution  of  cyanogen  (not  of  oxygen)  and  precipitation  of  feTrie  oxide  (B  on  da  u  It). 
i;j.  Many  heaiy  mviaiiw  o^idts^  in  presence  of  ^taah,  convert  the  dij<solved  red 
prussiate  into  the  yeDow  pruB8iat«,  th&  red  salt  taking  up  potassium,  and  tlie  oxygen 
of  the  potash  hringing  the  heavy  metal  to  a  higher  state  of  oKidatioQ  (Boudault^  J. 
Pharm.  [3]  viL  437);  t,g. 

2K*Fe=Cy«  +  2KH0  +  Pb*0  -  2K*Fe*Cy«  +  Pb'O^  +  HK). 

The  action  may  be  produced  by  adding  to  the  solution  of  the  red  aalt  either  tho 
hydrated  oTtide,  together  with  pobtsh^  or  a  mixture  of  the  salt  of  the  he^iTy  metal  with 
excesji  of  potash.— A  solution  of  chromic  oxide  in  potaoh  boiled  with  the  solution  of  the 
nni  fljilt*  yields  chromato  and  ferrorjanide  of  potassium.  —  Hydrated  manqanoiss  oxids 
with  potamhi  or  a  manganons  salt  with  excess  of  potash^  yielda  peroxide  o\  manganese^ 
even  at  ordinary  temperatures ;  if  the  potaah  is  in  largo  excess,  tho  peroxide  produced 
is  rrystalline ;  but  if  the  manganoua  oxide  is  in  larger  proportion,  brown-red  manganoso- 
manganic  oxide  is  protluced. — Protoxide  of  kad  diaaolved  in  potash,  or  a  lead-salt 
supersaturated  with  potash,  yields  a  precipitate  of  brown  peroxide  of  lead,  which  is 
generally  crystalline,  or  of  red  lead,  if  the  lead-oxide  is  present  in  larger  proportion, 
— Stannous  »alti  ako  convert  the  red  salt  mixed  with  potash  into  the  yellow  salt.— 
Eut  the  protojrides  ofeabaJi  and  nickd  are  not  brought  to  a  bif»her  state  of  oxidation, 
even  by  boiling  with  a  mixture  of  potash  and  the  red  sah.—Sihfer  and  t/old  anUs,  on 
the  other  hmid,  exhibit  a  different  reaction  with  pot^h  and  the  red  prussmte ;  for  they 
yield,  on  boiling,  a  precipitate  of  ferric  oxide,  while  fiirrocyanide  of  potaMium  and 
cyanide  of  silver  and  potasainm,  or  cyHnide  of. gold  and  pota^tiium,  n^main  in  solution. 
14. — Sulphfdric  acid  deeomposee  the  red  pru*siate  dissolved  in  water  into  yellow 
profisiate,  ferroprussic  acid,  and  sulphnr  (Williamson,  Ann.  Ch.  Pharm.  IviL  237j; 

2K»rc»Cy*  +  H=S  -  3KTeCy"  +  K'FcCf  +  S. 

15.  Srlttt^drtc  acid  and  phoHphortiicd  Atfdrogen  likewise  impart  to  the  solution  of  the 
red  pnis«iate  the  r>roperty  of  forming  a  blue  precipitate  with  ferric  salts ;  and  the 
ifame  change  is  proauced,  though  more  !*!owly,  by  tethirhi/drie  acid^  ar»enr(ttd  hydrogen^ 
and  miUmmicttcd  kydrogai  gases  (Schonbeiu).— 16.  Ammx>nia  converts  the  aqueous 
solution  of  fern' cyanide  of  potassium  into  ferrocyanide  of  potaAsimn  and  ferrocyanido 
of  ammonium,  with  evolution  of  nitrogen  (Month!  era,  J.  Pharm.  [3]  xi.  254)  : 

6K*Fo*Cy*  -f  8NH»  =  9K-FeCy»  +  3[(NH*)»FcCy*]  -h  N'. 

17.  Many  other  dcoxiditting  agents  likewise  impart  to  the  aqueous  solution  of  ferricya- 
nide  of  potassium  the  property  of  fomiLng  a  blue  pH'cipitate  witli  ferric  salt*.  The  de- 
oxidising agenta  which  produce  these  eiTeets  are :  Phosphorus^  which  acta  but  slowly; 
— phoJiphorous  acid  and  the  hupophoiphiifS  \  —ttdphurous  acid^  which  is  thereby  con- 
Terteil  into  eulphnrie  acid,  and  stdphitrs,  which  are  transformed  into  sulphates  ;  —  niYrw 
itrid^  gaSf  and  even  fuming  nitric  acid^  whereas  nitrous  oxide  exerts  no  reducing 
netion. 

18.  Similar  effects  are  likewise  produced  by  Tario^s  metals :  Tia.  arienic,  antimony^ 
tifif  bi^muth^  kad^  iron  andri«r,  more  slowly  by  copper,  cadmium^  mercury  nnd  ifihrr. 
According  to  Schtinbein,  iron  and  zinc,  immersed  in  the  aqueous  eolation  of  re*l  prnnyiato 
in  a  dose  vessel,  often  remain  bright  for  weeks,  whereas^  in  contact  with  the  air,  the 
li^aid  becomes  lighter  in  colour,  and  ferrocyanide  of  potassinm  is  formed,  together 
with  an  insoluble  ferrocyanide. 

\9.  The  reduction  of  nnl  to  yellow  pnvssiate  is  likewise  produced  by  many  oryitnfa 
9Hbgtanef4f  e.g.  by  formic,  acetic^  citric,  tartaric,  and  uric  acids,  creosote,  cinchonine, 
and  morphine,  not  by  quinino  or  etrychoino  (BoudanI  t).  Ether,  alcohol,  and  sugar 
do  not  oaaily  reduce  tho  nqucous  solution  of  the  red  pniK^iftte  alone,  Imt  mneh  more 
quickly  on  addition  of  a  ferric  salt,  in  wliich  c»i«e  prusNimi  blue  is  precipitoited,     Oxiilio 
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acid  is  not  oxidised  by  the  aqueous  solution  of  red  prussiate ;  indeed,  its  presence 
actually  prevents  the  reduction  which  would  otherwise  be  eflfected  by  nitric  oxide, 
solphydric  add,  uric  acid,  or  sugar.     (Schonbein.) 

All  these  reductions  take  place  much  more  quickly  in  an  alkaline  than  in  a  neutral 
solution  of  the  red  prussiate.  In  the  alkaline  solution,  sulphur  and  phosphorus,  and 
their  lower  oxides,  are  quickly  converted  into  sulphuric  and  phosphoric  acid  respectively ; 
iodine  into  iodic  acid ;  iodide  and  sulphide  of  potassium  also  reduce  the  red  prussiate 
to  the  yellow;  oxalic  acid  is  converted  into  carbonic  acid;  cyanide  of  potassium  into 
ryanate ;  sugar,  gum,  starch,  alcohol,  and  even  paper,  into  carbonic  acid  and  water. 
Indigo  is  bleached  by  it>  a  reaction  which  has  been  applied  by  Mercer  (PhiL  Mag. 
[3]  xxxi.  126)  in  calico-printing.  Cotton  dyed  with  indigo  and  saturated  with  red 
prussiate  is  instantly  bleached  on  immersion  in  potash-ley. 

Ferricyanide  of  potassium  forms,  with  the  solutions  of  many  of  the  heavy  metals^ 
precipitates  which  exhibit  very  characteristic  colours  (p.  244) ;  hence  this  salt,  as  well 
as  the  yellow  prussiate,  is  a  valuable  reagent  in  chemical  analysis.  In  dyeing  and 
calico-printing,  it  is  used,  either  alone  or  mixed  with  ferrous  salts,  for  the  production 
of  blue  colours  on  wool  and  cotton ;  for  this  purpose  the  so-called  "  blue  powder," 
obtained  by  evaporating  the  mother-liquors  of  red  prussiate  is  often  made  available. 

Estimation  of  Ferricyanide  of  Potassium, —  Ordinary  red  prussiate  is  generally  con- 
taminated with  chloride  of  potassium  and  with  yellow  prussiate,  the  latter  being  recog- 
nisable by  the  blue  precipitate  which  it  forms  with  ferric  salts.  For  determining  the 
proportion  of  real  ferricyanide  in  a  commercial  sample  of  red  prussiate,  the  following 
meUiods  may  be  used : 

1.  Brunnquell  converts  the  ferricyanide  of  potassium  into  ferrocyanide,  and  esti- 
mates the  latter  by  a  standard  ferric  solution  in  the  manner  already  described  (p.  242). 
7*99  grms.  of  the  red  prussiate  are  dissolved  in  water ;  and  the  liquid  is  boiled  with  addi- 
tion of  a  few  grms.  of  sulphite  or  hyposulphite  of  sodium,  filtered,  if  a  precipitate  forms, 
aud  tested  with  the  graduated  ferric  solution,  1  cc.  of  which  corresponds  to  1  per  cent, 
of  ferricyanide  of  potassium. 

2.  De  Haen  mixes  10  cc.  of  a  solution  of  a  red  prussiate  containing  20  grms.  in 
a  litre,  with  5  to  8  cc  of  strong  potash-ley,  and  heats  the  liquid,  after  addition  of 
0-5  grm.  finely  pulverised  protoxide  of  lead,  which  is  thereby  converted  into  peroxide. 
After  dilution  with  water,  filtering,  and  acidulation  with  hydrochloric  acid,  a  graduated 
solution  of  permanaanate  of  potassium  (see  p.  242)  is  added  till  the  liquid  becomes 
clear  and  of  a  deciaed  reddish-yellow  colour.  If  the  sample  of  red  prussiate  originally 
contained  yellow  prussiate,  the  proportion  of  the  latter  is  doterminod  in  a  second  sample 
by  heating  with  the  permanganate  solution  without  addition  of  oxide  of  lead. 

3.  Ferricyanide  of  potassium  mixed  with  iodide  of  potassium  and  hydrochloric  acid 
jields  ferroprussic  acid,  chloride  of  potassium,  and  free  iodine : 

K«Fe«Cy«  +  KI  +  4HCI  =  4KC1  +  H^Fe«Cy«  +  L 

Consequently  1  at.,  or  127  pts.,  iodine  corresponds  to  1  at.,  or  329  pts.,  ferricyanide  of 
potassium.  To  apply  this  reaction  volumetrically,  10  cc.  of  a  solution  of  red  prus- 
siate (containing  from  0*2  to  04  grms.  of  the  salt)  are  mixed  with  10  cc.  of  a  solution 
of  iodide  of  potassium  (containing  1  grm.  of  the  iodide),  and  strong  hydrochloric  acid 
is  added  as  long  as  the  solution  is  thereby  rendered  darker  in  colour  by  separation  of 
iodine.  The  free  iodine  is  then  estimated  by  Bunsen's  method  with  sulphurous  acid 
(see  AsALTSis,  Volumetric,  i.  265).     Lens  sen  (Ann.  Ch.  Pliarm.  xci.  240.) 

4.  Wallace  (Chem.  Soc.  Qu.  J.  vii.  77)  determines  the  amount  of  ferricyanide  by  the 
quantity  of  stannous  chloride  required  to  convert  it  into  ferrocyanide  of  potassium  or 
ferroprussic  acid.     The  reaction  is  as  follows : 

2K«FeHy  +  SnCl«  +  2na  =  3K«FeCy»  +  HTcCy«  +  SnCl*. 

100  grains  of  pure  ferricyanide  of  potassium  are  dissolved  in  IJ  oz.  water  and  3  oz. 
strong  hydrochloric  acid,  and  solution  of  stannous  chloride  (of  specific  gravity  1046)  is 
added  tiU  the  liquid  exhibits  a  decided  violet  or  blue  without  any  shade  of  green  colour. 
By  treating  the  sample  of  red  prussiate  to  be  examined  with  the  solution  of  stannous 
chloride  thoa  standardised,  the  amount  of  pure  ffrrocyanide  contained  in  it  is  deter- 
mined.—6.  Greater  exactness  appears  to  be  attained  by  the  following  process  given 
by  Leesching  (Jahresber.  d.  Chem.  1K53,  681),  in  which  an  alkaline  solution  of  the 
ferricyanide  is  mixed  with  a  solution  of  sulpharsenate  of  sodium,  till  the  liquid  becomes 
neudy  colourlesa  and  the  precipitated  sulphur  is  perfectly  white.  The  reaction  is  ex- 
pressed by  the  equation: 

6K«Fe*Cy*  +  Na'AsS*  +  2K«C0«  =  1  lK»FeCy>  +  NarFeCy"  ¥  NaAsO«  +  S*  +  2C0«. 
Accoiding  to  this  equation,  100  pts,  ferricyanide  of  potassium  decompose  206  ptsi 
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layMtAlliwd  Bulphareenatc!  of  sodium.  2Na'AsS*  +  15 aq.  100  ^m  of  the  ferricyanido 
arw  diftsolved  in  *2  oz»  of  water,  and  to  this  solution  ia  graduully  iwMed  a  atandard 
solution  cfuitaiQing  20  grains  (more  exactly  20  6  grains)  of  sulphapst'uate  of  sodium  nnd 
40  to  00  prams  dry  carbonate  of  potassium  or  Bcnlium  iu  200  burett^^^visions*,  so 
that  one  division  of  this  solution  oorpesponds  to  J  p^r  cent  feiricyanide  of  potaaaium. 
The  standard  solution  is  graduallv  added  till  the  Hquid  has  btjcome  quite  white,  and  a 
few  drops  of  it  no  Ion  pop  destroy  tno  red  cobur  of  a  decoction  of  cochineaL  (Handw,  d. 
Chem.  2»- Aul-  ii.  [2]  212.) 

Ferricyanide  of  Potassium  and  Burium,  KBa'Fe'Cy*  +  3  aq„  is  obtained  by 
pajssing  eldorine  into  a  solution  of  fcrrocyanido  of  potaaanm  and  barium,  expelling  the 
fxpesa  of  chlorine  by  heat,  adding  a  littld  alcohol,  separating  the  resulting  blue  pre- 
cipitate by  filtration,  and  Icaring  the  filtrate  to  omponite.  The  first  crystA  deposited 
from  the  eolation  (larger  than  thiJise  of  ferrcijanido  of  potassium,  which  affcCTwards 
separate)  conyiBt  of  ferricyanidt*  of  potassium  and  biiriimi ;  they  aro  short  hexagonal 
pnsms,  of  a  deep  red  colour,  and  permanent  in  the  air.  (Laurent^  CompL  chinu  1849, 
p.  S240 

FHKBlOTANitJE  OF  SouTtJM,  Na*Fe"Cy*  +  aq.j  prepared,  like  the  potassium-salt, 
by  the  action  of  chlorine  on  the  fiiTocyanide,  forma  rubj-coloured  right  four-sided 
prismsi,  which  deliquesce  when  exposed  to  the  air,  dissolve  in  5  3  ptn.  of  cold,  and  1-25 
pta.  boiling  water,    (K  ramer,  J.  Pharm.  xv.  98  ;  Bette*  Ann.  Ct  Pharau  xxiii  117.) 

Ferricyanide  of  Sodium  and  Potassium,  Na'K'Fe*Cy'*,  is  deposited  from  a 
mixture  of  the  golutiona  of  fcrrieyanido  of  potujutium  and  ftirricyanidfl  of  sodium,  in 
fine  cubic  cryjitals  of  a  garnet-red  colour.  The  solution  once  also  deposited  large  black- 
brown  hydrated  cryfit4ilH»  containing  6  at.  water,  and  having  the  fona  of  hexagonal 
pri»mH,  with  angles  of  120^  ;  but  on  redi«3olving  them  in  water,  the  solution  yielded  the 
cubic  anhydrous  cryst^de.  The  liydrateil  erystala  give  off  their  water  at  a  teropenituro 
somewhat  above  100°  C,  decrepitating  and  fkJMng  to  powder  at  the  same  time.  (Laurent^ 
he.  cit.) 

jritrofeirloyftnl  d  ea.. 

i^UropTUBsidm,  Niimprusaiatts.  (Play fair,  Phil.  Mag.  [31  zxxvi.  197,  271,  348. 
—Gephardt,  Compt.  chim.  1850,  p.  H7 ;  TratU,  i  344.— K yd,  Ann.  Ch.Pharm,  bxiv. 
840.) — These  compounds,  discovered  by  Play  fair  m  1850,  tire  protlucedby  the  action  of 
nitric  arid  on  the  ferro-  or  ferri-eyanidea  of  the  alkali-metal Ji*  or  by  that  of  nitric  oxide 
on  fcjrro-  or  ferri-cyanidc  of  hydroji^en.  Their  composition  is  not  yet  entablislied  witlj 
certainty.  I'layfair  repn^Henttd  thtm  by  the  genend  formula  M^,F€^0^^\^Of,  or 
M^*-Fa"Cy''*(N^O)"T  in  which  the  cyanogen  is  supposed  to  be  partly  replaced  by  nitrous 
oxide  *  but  the  formula  most  gt.^nerallj  received  is  that  proposed  by  Gerhardt,  nsr. 
M*,Fe-Cy*(NO),  in  which  1  at  cyanogen  in  Fe'Cy'isBuppoaed  t<»  be  replaced  by  nitric 
oxide,  Accoriiing  to  this  formula,  the  formation  of  nitro-ferricyanide  of  hydrogen  by 
the  actim  of  nitric  oxide  an  fcrrici/anide  ofht^drogen  is  represented  by  the  eqnation, 

H»Fo'»Cj'*  ^-  HO  =  mPo=Cy^(NO)  4-  HCy. 

Whon  nitric  oxide  ia  passed  into  a  warm  aqueons  solulion  ot  fcm-ieffamde  of  h^druffet* 
(or  of  fermcyanide  of  potassium  mixed  with  a  Hnfficient  quantity  of  an  acid  to  convert 
it  into  ferropnisaic  ^id),  tho  gas  is  rapidly  absorbed,  —  the  ferrocyanide  is  oonveirted 
inbo  ferrii^nide: 

2n*Fe«Cy*  4*  NO  =  2n»FeH::y«  4-  H»0  +  N. 

the  change  being  inflicatcd  by  the  deep  blue  precipitate  whicli  tho  liquid  then  ^Ttii 
with  ferrous  salt^.— and  afterwarTls  tho  ferricyanide  is  conTertcd  into  uitpoffrricvunide 
as  aljove^  the  liquid  giving,  with  ferrous  »all^,  precipitate©  of  a  paler  and  pah-r  colour, 
nnd  ultimately  of  a  clear  salmon  tint.  It  then  contains  uitroferri cyanide  of  hy<bNT'geu 
(nitm[>ru>isic  acid),  which  wiU  yield  the  nitroferricyajiides  of  the  different  meUils  by 
ueutrali  (nation. 

When  nitric  add  is  added  to  a  solution  ol ferrocyanide  ofpota^um,  this  salt  is  first 
converted  into  ferricyanide  by  abstraction  of  1  at.  potiii^sinni  (p.  243),  and  the  nitric 
acid  is  at  the  Bame  time  n^duced  to  iiitTic  oxide,  which,  however,  does  not  escape  as 
pas*  unless  the  nction  is  very  violent,  but  is  ein ployed  in  convtrtiug  the  ferri cyanide 
into  uitroferrieyanide  oa  above.  The  rictiou  ia  accompanied  by  evolution  of  hydro- 
cyanic acid  aod  nitrogen,  us  i*hown  by  the  equations  above  given,  also  of  carbonic  acid, 

•  Or  ft  urmi.  of  fcrrlcyanye  are  dUiotvt^J  lit  5W  «.  wal«r,  and  lo  th»  Jiniiid  ii  mlded  a  lUiiiiAnl  w^utlon 
cOflCuinJng  In  iOf)  biire«e-dlvi»iuti«  I'Oa  gr        lulpharicajito  of  *udiuin,  juid  2  «r  3  ffrmi.  cartyonale  ot 
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cysnof^n,  and  an  extremely  pungent  vapour,  probably  cyanic  acid,  these  latter  being 
Beoondaiy  products,  resulting  from  the  action  of  the  nitric  acid  on  the  hydrocyanic 
acid. — [Expecting  the  formation  of  nitroferricyanides  from  the  so-called  nitro-sul' 
phurets  of  iron^  see  Ho  us  sin  (Ann.  Ch.  Phys.  [3]  lii.  286).] 

Preparation,  —  The  nitroferricyanides  of  potassium  and  sodium  are  obtained  as 
follows :  422  gr.  (2  at.)  pulverised  ferrocyanide  of  potassium  is  mixed  with  6  at  com- 
mercial nitric  acid  diluted  with  its  own  bulk  of  water  (the  strength  being  determined 
by  an  alkalimetric  process).  One-fifth  of  this  quantity  (1  at.)  of  acid  is  actually  suffi- 
cient to  transform  the  ferrocyanide  into  nitrofcxricyanide,  but  the  use  of  the  larger 
quantity  is  found  to  give  the  best  results.  The  acid  is  poured  all  at  once  upon  the 
ferrocyanide,  the  cold  produced  by  the  mixing  being  sufficient  to  moderate  the  action. 
The  mixture  first  assumes  a  milky  appearance ;  but  after  a  little  while  the  salt  dis- 
solves, forming  a  coffee-coloured  solutiou,  and  the  gsises  above-mentioned  are  disengaged 
in  abundance.  When  the  salt  is  completely  dissolved,  the  solution  is  found  to  contain 
fenicyanide  (red  prussiate)  of  potassium,  mixed  with  nitroferricyanide  and  nitrate  of 
the  same  base.  It  is  then  immediately  decanted  into  a  large  flask,  and  heated  over 
the  water-bath ;  it  continues  to  evolve  gas,  and,  after  a  while,  no  longer  yields  a  dark 
blue  precipitate  with  ferrous  salts,  but  a  dark  green  or  slate-coloured  precipitate.  It 
is  then  removed  from  the  fire,  and  left  to  crystjiUise,  whereupon  it  yields  a  large 
quantity  of  crystals  of  nitre,  and  more  or  less  of  oxamidc.  The  strongly  coloured  mother- 
bquid  is  then  neutralised  with  carbonate  of  potassium  or  sodium,  according  to  the  salt 
to  be  prepared,  and  the  solution  is  boiled,  whereupon  it  generally  deposits  a  green  or 
brown  precipitate,  which  must  be  separated  by  filtration.  The  liquid  then  contains 
nothing  but  nitjoferricyanide  and  nitrate  of  potassium  or  sodium.  The  nitrates  being 
the  least  soluble,  are  first  crystallised  out ;  and  the  remaining  liquid,  on  further  evapora- 
tion, yields  crystals  of  the  nitroferricyanide.    The  sodium-salt  crystallises  most  easily. 

The  insoluble  nitroferricyanides,  those  of  iron,  copper,  silver,  zinc,  &c.,  are  obtained 
by  precipitating  the  solution  of  the  potassium  or  sodium  salt,  with  solutions  of  the 
respective  metals ;  and  the  ammonium,  barium,  calcium,  and  magnesium  salts,  which 
are  soluble,  by  decomposing  the  iron  or  copper  salt  with  a  solution  of  caustic  ammonia, 
baiyta,  or  lime.     (PI  ay  fair.) 

FropertUs  and  Reactions,  —  The  nitroferricyanides  are  in  general  strongly  coloured. 
The  ammonium,  potassium,  sodium,  barium,  calcium,  and  lead  salts,  are  of  a  dark  red 
or  ruby  colour ;  they  dissolve  easily  in  water,  forming  red  solutions,  from  which  they 
are  not  precipitated  by  alcohol.  The  soluble  salts  crystallise  with  facility.  The  copper, 
iron,  cobalt^  nickel,  zinc,  and  silver  salts,  are  nearly  or  quite  insoluble  in  water. 

The  following  are  the  most  characteristic  reactions  of  soluble  nitroferricyanides. 

With  the  Sulphides  of  the  Al- 
kali-metals    .         .         .  Splendid  but  transient  purj)lo  colour. 

„     Sulphydric  acid        .         .  Formation  of  prussiun  blue,  togel  her  with  a  ferro- 
cyanide and  a  peculiar  compound. 

„     Neutral  Lead-salts    .        .  No  change.. 

„     Basic  „  .         .  White  precipitate,  after  some  time,  from  strong  so- 

lutions. 

„     Mercuric  salts  .         .         .No  change. 

„     Stannous  and  Stannic  salts  No  change. 

„     Zinc-salts.         .         .         .  Light  salmon-coloured  precipitate. 

„     Cupric  salts      .         .         .  Light  green  precipitate. 

„     Cobalt-salts       .         .         .  Flesh-coloured  precipitate. 

„     Ferrous  salts     .        .         .  Salmon-coloured  precipitate. 

„     Ferric  salta       .         .         .No  change. 

„     Caustic  alkalis  .        .        .  Red  coloration,  changing  to  orange. 

The  most  characteristic  reaction  of  tho  nitroferricyanides  is  the  splendid  purple 
eolonr  which  they  exhibit  with  alkaline  sulphides :  it  is  extremely  delicate,  and  serves 
to  detect  the  minutest  portion  either  of  a  sulphide  or  of  a  nitroferricyanide.  Oppenheim 
(J.  pr.  Chem.  Ixxxi.  305)  recommends  it  for  tho  detection  of  small  quantities  of  free 
alkalis  or  alkaline  earths  in  solution,  a  few  bubbles  of  sulphydric  acid  gas  being  passed 
through  the  liquid,  and  then  a  few  drops  of  solution  of  nitroferricyanide  of  sodium 
adde£  The  purple  colour  is  not,  however,  permanent,  the  compound  being  quickly 
resolved  into  other  products,  including  hydrocyanic  acid,  ammonia,  nitrogen,  oxide  of 
iron,  ft  ferrocyanide,  a  sulphocyanate,  and  perhaps  a  nitrate.  The  purple  compounds 
may  be  isolated  by  operating  with  alcoholic  solutions  ;  it  is  then  blue,  and  appears  to 
be  simply  a  compound  of  nitroferricyanide  and  sulphide. 

The  solable  nitroferricyanides  are  decomposed  by  sulphydric  acid  gas,  yielding  oxide 
of  iron,  pmssian  blue,  sulphur,  a  ferrocyanide,  and  a  peculiar  sulphur-compound. 
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The  uitrofemcyanides  are  decomposed  l«j  boiling  with/i/^a/w,  yic?ldiiig  oxide  of  iron, 
freo  nitrogen,  a  ferrocyfinide,  Hnd  perhaps  a  nitrite.  An  excess  of  ammonia  gradualiy 
deeompiflcs  them,  even  in  the  cold,  nitrogen  l«»ing  evolved,  and  a  black  uncrptallisable 
subwtance  finally  rcm»ining» 

Nitroferrieyanides  are  not  sensibly  aiTected  hj  sulphurous  acid^  sidphitf^,  or  hi/po' 
sidphitts:  but  tliey  ai-e  decomposed  by  boiling  with  strong  sulphuric  acid,  the  liquid 
durinj^  flie  docnmi»osition  exhibiting  the  peculiar  pnrple  colour  which  indicates  the 
presence  of  a  Bulpbide.  CMitrint  ©icrta  no  action  on  the  oitroferricyanidea-  Prussian 
blue  diisolves  ia  tlio  eolntions  of  certain  nitroferricyanides,  with  a  fine  blue  colour. 

Some  of  the  nitrofemeyanides  are  very  permanent^  tiieir  eolations  undei^ingr  no 
chanf2^€  either  by  exposure  to  the  air,  or  by  the  action  of  beat,  Several,  on  the  contrary, 
pi^poetsdly  the  nitroforricyanide^  of  hvitrogen,  ammonium,  barium,  and  calcium,  undergo 
partial  dccompoaition  when  their  solutions  are  loag  kept^  and  impid  alteration  when 
boiled,  depositing  pruasian  blue  or  oxide  of  iron. 

Nitroferricyanidt  of  Ammonium^  (NH*)'Fe'Cy*(NO)  -h  aq.,  is  Tcry  unstable^ 
depositing  prussian  blue  wh(*n  boiled^  and  then  yielding  by  concentration  rbembic 
crystals  of  a  slightly  altered  salt.  Dominant  facea^  ooP  .  3dI*oo  .  Poo  .  oP.  Incli* 
nation  of  ooP  :  ooP  =  91°  56' ;  Pao  ;  <»I*qo  in  the  macrodiagonal  principal  section 
=  69'^  46'.     (Miller:  see  Play  fair  a  Mtmoir,) 

mtrofcrrictfanide  of  Barium^  EaTo-Cy*(NO)  +  2  aq.,  crystallifteis  in  tbcuo  in 
fine  octaiiedral  rryfltalB  of  a  dark  red  colour.  The  crystals  belong  to  the  dimetric 
synteTD,  exhibiting  the  dominant  faces  P  .  oP .  otPoo.  Inclination  of  P :  P  in  tlie 
terminal  etlges  =  120^  30;  P  r  oP  =>  135°  26'  (Hiller).  Concentrated  solntiona 
»nmerimef«  yield  flattened  prisms  which  appear  to  be  another  hydrate.  This  Eialt  is  very 
soluble  in  water;  the  solution  when  boiled  depo^tj  a  brown  precipitate.  The  crystal- 
Used  salt  dried  in  vacuo  gives  oif  from  149  to  16*2  p.  c  water  at  lOO'-*  C, 

Hiiroferricyanide  of  Calcitfm,  Ca'lVCy*(NO)  +  j  aq.»  forms  shining  dark 
red  monocliaic  prisms,  with  the  dominant  faces  oeP  .  ooPoo  .  oP.  Inclination  of 
oftPao  :  oP  *ss  82r  ;  coP  :  coP  in  the  orthodiagonal  principal  section  =  140'^.   (Miller.) 

The  copper-salt  is  a  pale  green  precipitate  insoluble  in  water,  and  acquiring  a  slate 
colour  when  exposed  to  light  in  the  moist  state, 

Ni troferricyanide  of  Hydrogen  or  Nitropntssie  acid,  H*Fe*Cy*(NO)  +  aq.,  is 
obtjiined  by  decomjwsing  tlie  ailver-salt  with  an  eqnivalent  quantity  of  hydrfj^rhloric 
acid,  or  the  barium-Rait  with  an  equivalent  quantity  of  sulphuric  urid.  Tht*  red  utrtingly 
acid  solution  yields,  by  evaporation  in  vacuo,  dark  red.  very  deliquescent,  oblique  prisms, 
part  of  the  acid,  however,  decomposing  at  the  BJime  time,  with  formation  of  hydrocyanic 
acid  and  oxide  of  iron.     The  aqueous  solution  is  not  pret?ipitated  by  ether. 

JV' i t rnfi  rrici/ctnide  of  Iron  ( ft r ro un )  is  a  (<al mon -col ou red  precipitate,  nearly 
insoluble  in  pure  water,  more  soluble  in  water  aciduluted  with  nitric  acid.  It  is  de- 
t^oro posed  by  caustic  alkidis,  with  separation  of  oxide  of  iron  and  formation  of  a  soluble 
nitroferricyanide,  a  dark-colourod  tmsic  iron-swdt  l>eing,  liowever,  formed  previoas  to 
corap>lete  decomt>oaition.  After  drjing  ftt  32^  C.  it  loaea  about  20  per  cent,  more 
water  when  heated  to  100° 

Niiroftrricyanide  of  Potassium,  K'Fe*Cy*(NO),  forms  dark  red  oblique 
prisms,  more  solulde  than  the  Bodium-salt,  and  less  easy  to  crystallise.  The  cryetals 
are  monoclinic.  Dominant  faces  ckP  .  [ocPoc]  .  — P  .  — P«  .  [JPoo  ].  Inclination 
of  ccP;  ^  odPco]  =  130^  14';  _P:  [odPoo]  =  126°  65';  -Poo  :  principal  axisi 
=  67^  6S .  The  palt  la  verj'  deliquescent,  and  acquires  a  faint  green  tint  when  ex- 
posed to  lipht.     Its  solution  after  a  while  deposits  pru.'^sian  blue. 

On  mixing  the  aqueoua  solution  of  thia  salt  with  twice  its  volume  of  alcohol,  and 
then  adding  caustic  jxifash.  a  light  yellow  curdy  precipitate  is  formed,  coufiistinff  of  a 
basic  salt,  K^Fe'fCy»(N0).2KH0. 

Nifroferricyafi  ide  of  Silver,  Ag^o*Cy*(NO),  is  a  fleah-eobured  preeipitatc,  in- 
acluble  in  water,  alcohol,  and  nitric  acid* 

Nit  roferriryanidf  of  Sodium,  Na»Fe*Cy»(NO)  +  2  aq.,  is  prepared  afl  described 
on  page  261.  The  dark  red  solution  which  remains  after  the  nitmtea  of  potassium 
and  sodium  have  cryHt^llised  ont^  yields  by  evapomtion,  prismatic  crystals,  which  must 
be  taken  out  of  the  liquid,  dissolved  in  water,  and  lef^  to  cryetalHse'  by  eooling.  The 
object  of  raking  the  crystals  out  of  the  hot  solution,  is  to  obtain  them  free  from  niti^tl 
wiiich  are  more  eoliible  in  hot  water  than  the  nitroferricyanide. 

The  crystals  are  large  ruby -coloured  prisms,  bearing  considerable  resemblanee  1 
fej-ricyanitie  of  potassium  crystrtlliwed  from  an  alkaline  solution.     The  salt  is  mot  deli- 
nueseent,  dissolves  io  2^  pts.  of  water  at  16°  C,  and  in  a  smalh-rquHnhty  of  hot  water. 
It  does  not  low  weight  at  100'=  C. 
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The  djstals  belong  to  the  trimetric  system.  Dominant  faces,  ooP  .  ooPoo  .  oePoo  . 
Poo  :Poo.  Inclination  of  ooP:  ooP  «  106°  17';  too  :foo  in  the  brachydiagonal  prin- 
cipal section  a  136^32';  1^00  :  Poo  in  the  macrodiagonal  principal  section  =:  124^62'. 
(Miller.) 

A  solution  of  the  salt  exposed  to  sunshine  becomes  coloured,  deposits  prossian  blue, 
and  gives  off  nitric  oxide.    (Oyer beck,  Pogg.  Ann.  Ixxxvii.  110.) 

CTAVZOa  07  TiWATIi  Hydrocyanic  acid  does  not  precipitate  either  the  nitrate, 
the  neutral  acetate,  or  the  basic  acetate  of  lead.  Cyanide  of  ammonium  forms  with 
the  neutral  acetate  a  sUght  yellowish  precipitate. 

Oxycyanidi  of  Lead,  On  mixing  a  solution  of  basic  acetate  of  lead  with  ammonia, 
and  then  adding  hydrocyanic  acid,  a  white  precipitate  is  formed,  containing 
PbCy.PbHO,  according  to  Kugler  (Ann.  Ch.  Pharra.  Ixvi  63), — whose  formula  does 
not,  howerer,  agree  well  with  his  analysis, —  and  PbCy  .Pb^O,  according  toErlenmeyer 
(J.  pr.  Chem,  xlviii  366). 


^B  07  BBAOVZSZmiK.  Soluble  salt  produced  by  dissolving  recently 
pirecipitated  magnesia  in  hydrocyanic  acid.  It  is  decomposed  by  the  carbonic  acid  of 
the  air. 


CnrAJrXBBS  or  MAVOAVBSB.  (Bammelsberg,  Pogg.  Ann.  xlii.  117.— 
Haidlen  and  Fresenius,  Ann.  Ch.  Pharm.  xliii.  132. — Balard,  Compt,  rend.  xix. 
909.) — Cyanide  of  potassium  forms  with  manganous  salts  a  biilky  reddish-white  pre- 
cipitate, which  quickly  turns  brown  in  contact  with  the  air.  It  is  decomposed  by 
strong  acids,  and  dissolves  in  alkaline  cnranides,  the  solutions  when  exposed  to  tlie  air 
being  converted  into  manganicyanides,  R*MnK)y*,  salts  analogous  in  composition 
to  the  ferricyanides. 

Manganicyanidt  of  potassium,  K'MnKJy*,  obtained  in  this  manner,  forms  brown-red 
anhydrouK  needles,  isomorphous  with  the  ferricyanide.  In  contact  with  the  air 
the  crystals  turn  brown,  and  their  aqueous  solution  becomes  turbid  and  gradually 
deposits  the  manganese  in  the  form  of  a  black  hydrate,  the  decomposition  being  ac- 
celerated by  dissolving  and  evaporating  several  timea.  Acids  decompose  the  salt, 
eliminating  hydrocyanic  acid.  Alkalis  do  not  act  upon  it.  Sulphide  of  ammonium 
slowly  precipitates  a  portion  of  the  manganese.  The  crystals  are  decomposed  by  water 
and  by  alcohol,  so  that  it  is  necessary  to  dissolve  them  in  cyanide  of  potassium. 
The  solution  gives,  with  various  metallic  salts,  precipitates  of  analogous  composition, 
and  for  the  most  part  easily  decomposible.  The  precipitate  formed  with  ferrous  salts 
has  a  oobalt-blue  colour ;  those  with  einc  and  cadmium  salts  are  rose-coloured ;  with 
^«uf-8a]t«,  brown ;  with  sUver-Balts  firom  neutral  solutions,  yellowish-brown ;  in  presence 
of  free  acid,  scarlet,  but  becoming  brown  by  washing, 

CTAVZDB  OF  anatcmiT.  HgCy  or  Hg"Cy^  according  as  mercury  is  regarded 
as  monatomic  (=  100)  or  diatomic  (=  200).  This  salt,  discovered  by  Scheele 
{Opuscula^  ii  169)  is  obtained  by  the  action  of  mercuric  sulphate  on  ferrocyanide  of 
potassium,  or  of  mercuric  oxide  on  hydrocyanic  acid,  or  of  the  same  oxide  on  prussian 
blue  (p.  228). — 1.  One  part  of  ferrocyanide  of  potassium  is  boiled  for  a  quarter  of  an 
hour  with  2  pts.  mercuric  sulphate  and  8  pts.  water ;  the  deposit  is  separated  by 
filtration,  and  the  liquid  evaporated  to  the  crystallising  point  (Besfosses,  J.  Chim. 
mW.  vl  261).  Theoretically,  100  pts.  ferrocyanide  require  246  pts.  mercuric  sulphate, 
and  yield  179  pts.  mercuric  cyanide : 

2K«Fe*Cy«  +  7Hg''S0<  «  6Hg''Cy«  +  4K«S0«  +  (Fe*)'«.3S0<  +  Hg. 

1  Mercuric  oxide  is  digested  with  dilute  hydrocyanic  acid,  till  the  odour  of  the  acid 
is  no  longer  perceptible,  and  the  solution  is  left  to  evaporate. — 3.  Four  pts.  pulverised 
pmssian  blue  ana  3  pts.  mercuric  oxide  are  boiled  with  40  pts.  water ;  the  liquid  is 
filtepe<l  as  soon  aa  the  solid  matter  has  acquired  a  light  brown  colour ;  the  residue  is 
boQed  with  a  fresh  quantity  of  water ;  the  second  filtrate  added  to  the  former ;  and 
the  whole  evaporated  to  the  crystallisuig  point 

Cyanide  of  mercury  crystallises  in  forms  belonging  to  the  dimetric  system,  colourless, 
transparent,  permanent  in  the  air,  haWng  a  nauseous  metallic  taste,  and  very  poisonous. 
They  are  anhydrous.  The  salt  dissolves  in  8  pts.  of  cold  water;  it  is  less  soluble  in 
hydratod  alcohol,  quite  insoluble  in  absolute  alcohol. 

For  the  jjrimary  form  P,  the  length  of  the  principal  axis  is  0*4696.  The  angle  P :  P 
in  the  terminal  edges  «  134°  40' ;  in  the  lateral  edges  66°  2'.  P  is  for  the  most  part 
^enoidically  hemihedral,  and  the  character  of  the  crystals  varies  considerably, 
according  to  the  manner  in  which  they  are  obtained.  By  spontaneous  evaporation, 
quadratic  sphenoids  (p.  136),  are  often  obtained,  either  perfectly  developed,  or  having 
their  lateral  edges  truncated  b^  the  faces  ooPoo  as  in  fig.  368.  By  rapid  cooling 
priflDatic  erystaUi  are  produced,  in  which  the  face  ooPoo  predominates  {^figs.  366,  366). 
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In  fig^  365,  ttie  pdBin  ooPoo  is  laevdled  bj  the  fac«i   ^,  wHch  are  set  jdternjit^ly  on 

the  prismatic  edges  ubore  and  below.      In  jig.  366,  tke  pmm  exliibits  an  oblique 

Fig,  364  ^^.  366. 


termination,  one  only  of  Oie  two  npper  facea  -  bemg  distmetlj  formed,  while   tlie 

other  is  mthPF  rery  anbordinato  or  not  present  at  all :  on  lb©  otIi<?r  band,  two  faces  are 
present  belonging  to  the  piT^.ttnid  2Poo  (the  ni^xt  acnter  t<i  the  primaTy  form  P) ;  thcv 
rest  symmetrically  on  tho  prismatic  faces  oePoo,  and  the  teirmitial  edge  in  which  two 

P 

of  them  wonld  meet  is  truncate  by  the  facea  - , 

A  eotution  of  the  salt  alowly  eyaporated  often  yields  crystals  of  diflferent  form 
(fig,  367),  with  ftices  of  the  ppheuoid  —  resting  alternately  on  the  edges  of  the  prism 


ooPoo ,  and  fitccs  of  the  pyramid  2Poo  (of  wbich,  however,  only  four  aft>  present)  rest- 
ing on  the  facea  of  the  same  prism.  The  two  npper  (and  likewise  the  two  lower)  facea 
2P«9  ai^  eeparated  ih>m  one  another  hy  oP  and  by  two  faces  of  aa  obtnaer  pyratnid  of 


Fig,  367. 


Fig.  36S. 


:mJl 


^T7 


^ 


the  second  order,  which  are  rendered  dnil  by  deep  striation,  and  likewise  roanded,  so 
tliat  they  cannot  he  aecurutely  determined,  but  appear  to  belong  to  Poo  »  More  fre* 
quentlj,  howerer,  the  crj'stala  obtained  by  slow  evaporation  have  the  fonn  shown 

P 

xsifig^  368,  the  faces  —  predominating,  their  lateral  edges  truncated  by  oePoo ,  and  each 

terminal  edge  replaced  by  oP  and  by  two  faces  of  the  pyramid  of  the  second  ordeTj 
which  is  probublv  P«i ,     {Ktypp'a  Krystal/ograpAie,  p»  160.) 

Dtetmiwmtioni,-^!.  Cyanide  of  mercury  when  heated,  turns  black,  sof^^ms,  and 
yiddi,  if  perfectly  dry,  nothing  but  cyanogen  gaa  and  mercury  j  part  of  the  cyanogfo 
Si,  howeTcr,  eonverted  into  the  isomeric  compound,  paracyaoogen,  which  remaiua  in  the 
fonii  of  a  btiipk,  verj*  light,  coaly  mass,  the  quantity  thus  altered  being  greater  as  the 
hcoiit  is  Hti^oiiger;  at  the  eiune  time,  a  small  quantity  of  cyanide  of  mercury  sublimeti 
Mndt'com  posed.  If  the  cyanide  of  mercury  is  moist^  it  yields  carbonic  add,  ammonia, 
hydrocyanic  acid,  and  mercury.     (Gay-LuBsac.\ 

2,  Dry  cyanide  of  mercury  is  not  decomposed  by  dry  chlorine  gajt  in  the  dark ;  hat 
in  wtroug  sunshine  it  imdoi^oes  dt^coraposition,  emitting  the  odour  of  chloride  of 
cyanogen  (Oay-Luseac),  and  in  ten  days,  yields  protochloride  of  mercury  and  a  ycEow 
oily  liquid  (Serulliis,  Ann,  Ch.  Phys.  xxjcr,  293)* — Cyanide  of  mcreiiry  exf^aed  in 
tlie  moist  state  to  chlorine  gas,  in  converted  in  the  dark  into  protochloride  of  mercury 
aud  volatile  chloride  of  cyanogeu  (S  er  u  1 J  a  s) ; 

ngXy«  +  CP  -  HgXP  +  2CyCi 
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But  in  strong  sunshine  —  its  temperature  rising  to  30°  or  40°  C. — it  yields  sal-ammo- 
niac, protochloride  of  mercury,  the  above-mentioned  yellow  oil,  a  small  quantity  of 
Tolatiie  chloride  of  cyanogen,  and  a  trace  of  carbonic  acid.  If  the  cyanide  of  mercury 
is  completely  dissolved  in  water,  chlorine  in  sunshine  produces  a  large  quantity  of  the 
yellow  oil  and  a  small  quantity  of  volatile  chloride  of  cyanogen  (SeruUas).  Accord- 
ing to  Bouis  (Ann.  Ch.  Phys.  [3]  xx.  446;  Jahresber.  d.  Chem.  1847—8,  486),  a 
hot  saturated  solution  of  cyanide  of  mercury  treated  with  excess  of  chlorine  in  sun- 
shine, is  converted  into  chloride  of  mercury,  hydrochloric  acid,  and  sal-ammoniac, 
which  remain  dissolved  in  the  water,  together  with  chloride  of  cyanogen,  carbonic 
add,  and  nitrogen,  which  escape,  and  a  yellow,  oily  liquid,  to  which  Boms  assigns  the 
formula  C*N*C1'*.  A  mixture  of  the  aqueous  solutions  of  cyanide  of  mercury  and 
chloride  of  lime^  which  ia  clear  at  first,  begins  in  a  few  minutes  to  emit  white  fumes, 
effervescing  violently  and  giving  off  nitrogen,  carbonic  acid,  and  a  small  quantity  of 
cyanogen;  neither  cyanic  nor  cyanuric  acid  is  produced  in  this  reaction  (Liebig, 
Pogg.  Ann.  XV.  671). — 3.  Bromine  at  medium  temperatures  decomposes  cyanide  of 
mercury,  with  great  evolution  of  heat,  yielding  protobromido  of  mercury  and  bromide 
of  cyanogen  (Serullas,  Ann.  Ch.  Phys.  xxxi.  100). — 4.  Iodine^  even  when  triturated 
cold  with  cyanide  of  mercury,  yields  protiodide  of  mercury  and  iodide  of  cyanogen. 
(H.  Davy,  Porrett.) 

6.  When  cyanide  of  mercury  is  distilled  with  \  of  its  weight  of  sulphur^  the  mass 
fuses,  gives  off  nitrogen,  cyanogen,  and  vapour  of  sulphide  of  carbon ;  then  becomes 
viscid,  swells  up,  and  leaves  a  black  mass  insoluble  in  water;  and  this,  when  further 
heated,  yields  nitrogen,  cyanogen,  sulphide  of  carbon,  and  cinnabar,  while  light  yellow 
mercurous  sulphocyanate  remains,  which  at  a  higher  temperature  partly  sublimes  in 
the  form  of  a  yellow,  sometimes  translucent,  crystalline  mass,  but  is  for  the  most  part 
resolved  into  cyanogen  gas  and  cinnabar  (Berzelius). — 6.  Cyanide  of  mercury,  gently 
heated  with  phosphorus^  yields  a  white  sublimate,  perhaps  a  cyanide  of  phos- 
phorus, having  a  pungent  odour,  and  decomposed  by  water  into  phosphoric  and  hy- 
drocyanic acids.  The  preparation  of  this  substance  is  very  diflBcult,  generally  giving  rise 
to  a  violent  explosion.     (Cenedella,  J.  Pharm.  xxi.  683.) 

7.  Cyanide  of  mercury  is  decomposed  when  heated  with  strong  stdphuHc  acidy  not 
by  dilute  sulphuric  or  by  nitric  acid.  With  hydrochloric^  hydrohromic^  hydriodic^  and 
tulphydric  acidSy  it  yields  hydrocyanic  acid  and  a  mercuric  compound  of  the  radicle 
of  the  acid.  An  excess  of  hydrochloric  acid,  aided  by  heat,  may,  however,  decompose 
the  resulting  hydrocyanic  acid  into  ammonia  and  formic  acid,  in  which  case  the  residue 
will  consist  of  mercuric  chloride  and  sal-ammoniac. 

8.  Cyanide  of  mercury  heated  with  sal-ammoniac  yields  cyanide  of  ammonium  and 
mercuric  chloride,  which  unites  with  the  sal-ammoniac  if  the  latter  is  in  excess.—  9.  With 
solution  of  stannous  chloride,  it  yields  hydrocyanic  acid,  and  a  black  mixture  of  stannic 
oxide  and  mercurjr. — 10.  When  shaken  up  with  iron  filings  and  dilute  sulphuric  acid,  it 
yields  hydrocyanic  acid,  metallic  mercuiy,  and  ferrous  sulphate. — 11.  With  aqueous 
trisulphtde  o/poiassiumf  it  yields  mercunc  sulphide  and  sulphocyanate  of  potassium  : 

ng"Cy»  +  K«S«  -  Hg"S  +  2KCyS, 

Aqueous  alkalis  do  not  decompose  cyanide  of  mercury,  even  at  the  boiling  heat. 

Combinations,  a.  With  Mercuric  oxide. — ^Warra  aqueous  cyanide  of  mercury  dis- 
solves a  large  quantity  of  mercuric  oxide,  forming  an  alkaline  solution,  which  deposits 
small  needles  ofoxycyanideofmercury,  Hg"Cy'.  Hg"0,  or  ( Hg"  )*.Cy'0,  sparingly 
soluble  in  cold,  moderately  soluble  in  boiling  water,  sparingly  in  hydrated  alcohol. 

b.  With  Salts. — Cyanide  of  mercury  combines  with  a  large  number  of  salts,  forming 
definite,  soluble,  aystalline  compounds,  which  are  obtained  by  evaporating  the  mixed 
solutions  of  the  component  salts.  The  greater  number  of  them  contain  1  at  Hg^Cy' 
(or  2  at.  Hg'Cy),  to  1  at.  of  the  other  salt,  and  these  may  likewise  be  obtained  by  dis- 
solving 1  at  mercuric  chloride,  iodide,  &c.,  in  a  solution  of  potassio-mercuric,  sodio- 
mercuric  cyanide,  &c  For  this  reason  Gent  her  (Ann.  Ch.  Pharm.  cvi.  241)  regards 
them  as  compounds  of  mercuric  chloride,  iodide,  &c.,  with  double  cyanides,  e.g., 
2(Hg''Cy'.KCl)  =  K«Hg''Cy*.Hg"Cl«.  The  latter  view  receives  some  support  from  the 
fnct  that  these  double  Baits  are  decomposed  by  the  weaker  acids,  such  as  arsenious  and 
benzoic  acid,  with  evolution  of  prussic  acid,  whereas  cyanide  of  mercury  itself  is  not  de- 
composed by  weak  acids.  The  double  salts  of  cyanide  of  mercury  have  been  investigated 
chiefly  by  Brett  (PhiL  Mag.  [3]  xii.  235);  Poggiale  (Compt  rend,  xxiii.  762); 
Caillot  (Ann.  Ch.  Phys.  [3]  xix.  230);  Custer  (Arch.  Pharm.  [2]  Ivi.  1);  Ram- 


melsberg  (Pogg.  Ann.  xlii.  131;  Ixxxv.  146);  Darby  (Chem.  Soc.  Qu.  J.  I  23); 
L.  Gmelin  (Bandbaok,  yiii.  17). 

1.  With  Acetate  of  Sodium  : 
HgCy*  2C*H"NaO  +  7  aq.     Once  obtained  from  the  mother-Uquor  of  a  solution  of  the 

two  Mlt0.     (Custer.) 
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2.  With  Bmmidea  : 

HgCy*KBr.    Nacreous  scales  solabk  in  13^4  pta.  water  IS'^C-i  and  in  lean  than  1  pt, 

bo Uiug  water.     (Caillot,  Brett.) 
HgCy^N^aBr.     Long  flattened  needles,  rery  aolablo  in  water. 

HgC^^.BttBr  +  3  aq.    Square  tables  with  a  strong  lustre^  and  very  aolnble»     (C  a  i  1 1  o  t.) 
HgCy*.8rHr  +  3 aq.     Rhombic  tablets;,  efflorescent  and  soluble.     (C a  i  1 1  o  t ) 
Hg€y*,Ca33r  +  |aq.    Very  soluble  in  water  and  in  alcohoL    (Custer.) 

3.  With  Chlaridta  : 

HgCy'.NH^Cl     Silky  nocdka,  aolnble  in  water  and  Alcohol     HgCy*,4NH^Cl.     Tri- 

sngubir  laminne  which  separate  from  the  solution  of  llio  preceding  salt 
HgCJy'.KCL     Colourless  scalea^  solublo  in  wattjr  and  in  alcohol.     (L.  Gmelin.) 
ligCy'.NaCl,      Silky  flattened  needle^  soluble  in  water  and  in  alcohoL      (Brett, 


Pogffialo.) 
HgCy«JaCl  +  2flq. 


Oblique  prisme,  very  soluble  and  efflorescent.     (Brett) 
Silky,  Tery  soluble  needles.     (Brett^  Poggiale.) 
Efflorvscont>  rery  solublo  needles.     (Brett,  Poggiale.) 
Needles  very  solublo  and  slightly  deliquescent,     (Brett,  Pog- 


HgCy*.SrCl  +  3aq. 
HgCy.CaCl  +  3aq. 
HgC>^MgCl  +  aq. 

giale.) 

flKCy\MnCl  +  f  aq.     Four^sided  prisms,  Tpry  soluble.     (Poggiale.) 
HgC-y'.ZnCl  +  2&i).     Right  pristna,  efflorescent  and  soluble  in  water.     (Poggiale.) 
HgCy*.iCoCl  ■«- 4  aq.     Rt-ddl nh -yellow  mammeUat^d  giroups.    (Poggiale.) 
H}TCy,2NiCl  +  Caq.     Grt^enish  blue,  deHqnescenL     (Poggiale.) 
HgCy*.HgCl*.    Four^sided  priHms,  permanent  in  the  air,     (Liebig,  Sehw.  J.  xlix. 

2o3.— Poggiale.) 

Stannic  cMoridr  appears  also  to  unite  with  cyanide  of  mercury t  ffJrming  a  confusedly 
crystalline  compound*     Stannous  chhride  decomposes  cy^de  of  mercuzy  (pi.  255). 

4.  With  Chroma tcs  : 

HgCy^-KCrO^.  Large  laminae  of  a  light  yellow  colour,  Tcty  soluble  (Poggiale, 
Caillot  and  PodeviQ).  It  is  obtjiined  either  by  mixing  the  solutions  of  equal 
pjirts  of  cyanide  of  mercury  and  neutral  <^hromale  of  potassium  (Cuiillot  and 
Podovin,  J*  Pharm.  xi,  246),  or  by  boiling  basic  mercuric  chromate  for  some  time 
with  an  equtTalent  quantity  of  potassio-mercurio  cyanide  (Geutber,  Ann.  Ch. 
Pharm.  ctL  241).^ — Another  salt,  3HgCy^.4KCrO',  is  obtained  by  mixing  tbe  solu- 
tions of  1  pt  chromttt«  of  potassium  and  3  iita.  cyanide  of  mercury,  and  leaving  the 
mixed  solution  to  cTaporate.  It  then  yielus,  first  crystals  of  cyanide  of  moreury, 
tJien  red  crystals  of  the  double  salt*  If  only  2  pts  of  mercuric  cyanide  are  used  to 
1  pt,  chroraate,  the  ^rat  deposit  of  mercuidc  cyanide  is  but  of  small  amount. 
(Darby,  Rsmmeljtberg*! 

2{HgCy'.AgCrO«).CVO^  or  2HgCy*.(Ag»0.2Cr'0»),  is  obtained  in  splendid  r*d  needles 
hy  mixing  the  solution  of  the  preceding  salt  with  nitrate  of  silver,  as  long  as  a  preci- 
pitate eontinuea  to  fonn,  then  heating  tho  liqtdd  nearly  to  the  boiling  point,  add- 
ing Bufflcient  nitric  acid  to  dissolve  the  whole,  and  leanng  tho  solution  to  cooL 
(Darby.) 

5.  With  Ct/anida: 

HgOy\2KCy  =  K^Hg^'Cy^  forma  regular  octahediOBt,  oolonrlws,  pennanent  in  the  air, 

soluble  in  cold  wat4.T.     (L.  G  m  e  1  i  n. ) 
SHL^Cy'.K^FeK?/  +  4aq.  =  RXBg^^e^Cy"  +  4aq,     Pale  yellow,  rhombic  Ubl^i. 
obtained  by  agitating  a  modenit4?ly  concentrated  solution  of  ferricyanide  of  potas- 
sium with  metallic  inercury ;  a  precipitate  of  ferric  oxide  is  first  formed,  mixra  with 
mercuryt  and  the  yellowish  filtmte  yields  the  double  salt  by  evaporation. 
Vt/anide  of  intrcury  and  sodium  crj'stallises  in  oct^dieclmua.     Cyanide  of  Tnereufy 
and  £inc  is  obtained  as  a  white  precipitato  on  adding  a  ainc-salt  to  the  solution  of 
cyanide  of  mercury  and  potaflsium»     The  corresponding  kad-compound  Is  a  white  pre- 
cipitate obtained  in  like  manner, 

6.  With  Formntcs: 


I 


HgCy».2CH(NH*)0'  forms  tnangnlar  prisms,     (Pogg i a! e.) 

HgCy',2CHK0*  forms  shining  scales.     (Winckler,  Eeperi  Pliorm.  ml  459.) 

7.  With  Hyjio^phites  : 

2HgCy'.K"S^0*.  Large  prisms,  obtained  by  concentrating  in  Tacuo  the  mother-liquor 
of  the  solution  of  the  two  salts  in  equivalent  quantities,  (Keaslor*  Pogg.  Aufl, 
Ixxiv.  274.) 

8,  With  Iodides : 

Hg('y*.KI  forms  colourless,  nacreous,  soluble  prisms.     (Caillot.) 


A 
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flgCj*.NaI  +  2aq.  Silky  prisms,  very  soluble  in  water  and  alcohol,  giving  off  their 
water  of  orstallisation  at  100^  C.  Mineral  acids  decompose  them,  precipitating 
mercuric  io<ude  and  eTolying  hydrocyanic  acid.     (Caster.) 

HgGy*.BaI  +  2aq.    Square  tables.    (Custer.) 

HgCy*.SrI  -i-  3aq.    Square  tables.    (Custer.) 

HgCy'.Cal  •!•  3aq.    Very  solable  silky  tufts.    (Poggiale.) 

9.  With  Nitrates: 

HgCy'.AgNO'  +  2aq.    Obtained  by  mixing  mercuric  nitrate  with  equivalent  quan* 
tities  a  cyanide  of  silver  and  cyanide  of  mercury.    It  forms  long  slender  needles, 
which  melt  above  100^  C,  and  uien  detonate.     (Geuther.) 
Cyanide  of  mercury  forms  with  mercuric  nitratt,  a  compound  which  ciystallises  in 

nacreous  scales  or  colourless  prisms. 

10.  With  Sulphates : 

2HgCy'.Ag*S0^  +  aq.  Colourless  crystals  obtained  like  the  corresponding  nitrate 
compound.    (Geuther.) 

11.  With  Suiphocyanates : 

HgCy*.4KCyS.  Obtained^  by  crystalHsing  the  two  salts  together,  in  large  laminsB  or 
needles,  colourless,  sparingly  soluble  in  cold,  veiy  soluble  in  boiling  water.  (Bock- 
mann.) 

HgCy'.4BaCyS.    Nacreous  scales.    (Bockmann,  Ann.  Ch.  Pharm.  xxii.  153.) 

Hg|^.4CaCya    Shining  scales.    (Bockmann.) 
The  fHagnesiumrBsdt  is  a  white  crystalline  powder.    (Bockmann.) 

cyanide  of  mercury  also  forms  definite  compounds  with  alkaloids.    (See  the  several 
Alkaloids.) 


CrWAMXnm  or  XBran.  Acetonitrile.  C*H>N  «  CH'.CN  «  CH*.Cy— This 
eompomid  is  obtained :  1.  By  distilling  dry  sulphomethvlate  of  potassium  with  cyanide 
of  potassium,  adding  chloiiae  of  calaum  to  the  distillate,  and  distilling  again  at  a 
gentle  heat  The  product  is  contaminated  with  hydrocyanic  acid  (Frankland  and 
Aolbe,  Chem.  Soc  Mem.  iii.  386 ;  Ann.  Ch.  Pharm.  Ixv.  288).— 2.  By  the  action  of 
cyanide  of  potassium  on  sulphate  of  methyl.  The  product  is  contaminated  with 
cyanide  and  formate  of  ammonium ;  the  latter  impurity  imparts  to  the  product  an 
intolerable  taste  and  odour,  and  a  highly  poisonous  action ;  it  may  be  removed  b^ 
boiling  with  mercuric  oxide  and  then  with  phos^oric  anhydride  (Dumai9,Malaguti, 
and  Leblanc,  Compt  rend.  xxv.  474).  —  3.  By  distilling  a  mixture  of  phosphoric 
anhydride  and  ciystullised  acetate  of  ammonium : 

The  product  is  purified  by  digestion  with  a  saturated  solution  of  chloride  of  calcium 
and  rectification  over  solia  chloride  of  calcium  and  magnesium  (Dumas,  Compt.  rend. 
XXXV.  383). — 4.  By  distilling  acetamide  with  phosphoric  anhydride,  washing  the  dis- 
tillate with  potash  to  remove  hydrocyanic  and  acetic  acids,  and  rectifying  over  phos- 
phoric anhyaride  (Buckton  and  Hofmann,  Chem.  Soc.  Qu.  J.  is.  242).— 5.  Cyanide 
of  methyl  is  found,  together  with  the  cyanides  of  ethyl  and  tetryl,  among  the  pro- 
ducts of  the  oxidation  of  gelatin  by  a  mixture  of  acid  chromate  of  potassium  and  sul- 
phuric acid.  Legumin  treated  in  like  manner  appears  also  to  yield  a  small  quantity 
of  it     (Frohde,  J.  pr.  Chem.  Ixxix.  303.) 

Cyanide  of  methyl  is  a  colourless  liquid,  which  boUs  at  77^  C.  (Dumas),  between 
77^  and  78^  (Buckton  and  Hofmann),  and  mixes  in  all  proportions  with  water. 
VapomNdensity  by  experiment  »  1*45,  by  calculation  (2  vol.)  »  1*42.  It  has  an 
ethereal  odour,  somewhat  like  that  of  cyanogen,  and  a  rather  pungent  aromatic  taste ; 
burns  with  a  bright  reddish-bordered  fiame.    (Buckton  and  Hofmann.) 

Boiled  with  aqueous  potash^  it  gives  off  ammonia  and  forms  acetate  of  potassium. 
Ckromie  acid  and  boiling  nitric  acid  have  no  action  upon  it  Potassium  acts  violently 
upon  it  even  in  the  cold,  cyanide  of  potassium  being  formed,  with  rise  of  temperatare, 
and  a  combustible  eas  evolved  consisting  of  free  hydrogen  and  carburetted  hydrogen 
(Dumas).  Heated  with /umtny  sulphuric  acid,  it  yields  disulphometholie  acid  and 
nlphaoetic  acids : 

C»H»N  +  3BPS0*  -  CH*SH)«  +  NH*.H.SO«  +  CO*, 
Disulpbome-     Add  sulphate 
tholic  acid,      of  ammomlam. 

CffN  +  2H«S0«  +  H*0  -  C«H*0«JSO»  +  NH*.HJ30«. 
Sttl|»hao8tte 

Mid. 
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or  KXTIKIPBW  ia  ftaid  to  be  produced  ^\nm  a  Bolution  of  cyanide 
of  potae^ium  is  poured  n^^m  chloride  of  nitrogf^n.  The  ^as  thoreby  evolved,  Vbich 
explodes  in  contact  vnih  phospbariiB,  jmd  is  said  to  contain  cyanide  of  nitmigf^nt  is 
probably  nothing  but  nitrogen  contiining  vaponr  of  chloride  of  nitrogen.  Iodide  of 
nitrogen  is  dissolred  by  cyanide  of  potaeaium  witbout  colour,  and  probably  with  for^ 


\ 


I 

I 


The  reUtiTe  quantities  in  which  those  two  acidj*  are  formed  depends  upon  the  tcmpe* 
rature.  If  tlie  routerials  arc  mixed  so  jis  to  avoid  heatinjjr  a»  much  as  possible^  scarcely 
any  cjirbonic  anhydride  ia  cTolved,  and  the  chief  product  is  snlph acetic  acid ;  but  if 
tht^  temperature  bo  considerably  raiE&d,  carbonic  anhydride  is  rapiilly  evolved  and  di- 
sulphometholic  acid  h  prodiiced.  The  latter  »tage  of  tlii?  nsactiou  appears  to  consist  in 
the  resolution  of  the  acetic  acid,  C*H*0',  into  cariionie  anhydride  and  miinh-gaa,  CH*. 
which  then  unites  with  2  at  SO',  forming  disulphometholic  acid.  (Buck ton  and 
li  of m  a n  n,  ioc,  cit) 

Camhinathns.  a.  Wifh  Ththlorid^  of  Pkogphorus.  CH'NJ'Cl*.  (Henke,  Ann. 
Ch.  Pharm-  cvi.  281.) — Ttiis  compound*  obtained  by  disftiiJing  acetiimido  with  j>euta- 
chloride  of  phosphorus,  is  a  colourlo**,  mobile,  very  pungent  liquid,  whieJi  Wils  at 
72**  C,  and  takes  fire  in  contact  with  a  spiHt-flarae,  Its  vapour-denBity  is  anorajdoua, 
being  3-56  at  9fi^C.,  3*64  at  87**,  and  2  4  at  148^,     The  medium  iiuraber  repreaeuta 

nearly  a  condensation  to  four  instead  of  two  volumes  ( — — x  00693  — 3*0^  |. 

The  anomaly  probably  arises,  as  in  other  similar  cashes,  from  the  decomposition  of  the 
compound  at  the  temperature  at  which  the  vapour-density  is  detej*mined^  int4>  CH*N 
and  PCl^  each  of  which  occupies  two  voluraeg. 

6.  With  Metallic  Chlorides, — These  compounds  are  formed  by  direct  combination. 
The  antit/iont/-campound^  C^H'N.SbCl',  the  formation  of  which  ia  attended  with  groat 
rise  of  temperature,  is  white,  crystikliine,  and  Bublimcs  without  decomposition.  The 
gold-compound,  C'H'N.AuCl*,  ie  a  brown ish^ydlow  jKiwder.  The  titamufH-e&mpoundt 
2C'H'N.TiCl*,  forma  whitc^  coherent,  crystalline  cruHt?!,  which  may  be  sublimiyL  The 
tin-romjxiund,  2C''H'N.SaCl\  ia  whiti%  crystalline:,  and  eublimes  in  arborescent  forma- 
tions.     ( H  e  n  k  e,  loe.  eit ) 

c.  With  O^tmidM  of  Mercury.  CTI'N.^IIgTy*.— "VVTiito  crystalliuo  maaa,  with 
ritreous  lustra,  pfodttced  by  eiposing  pulverised  cyanide  of  mertury  to  the  vupour  of 
cyanide  of  methyl.  The  compound  gives  oif  its  cyanide  of  methyl  when  ex^Ktsmi  to 
moist  air,  or  when  dried  over  sulphnric  acid*  Heated  in  a  tuW  it  turns  bhick,  and 
Tiehlii  a  sublimate  of  white  crystala  mixed  with  mercury,  (0.  Hesj^c,  Ami.  Ck 
Pharm.  ex,  202.) 

Cyanide  of  TrichloromrAhyl,  or  ChloracetmiUrilf^  CCPCN,  ia  obtained  by  dis- 
tilling trichloracetat'e  of  ammonium^  or  trichloracetamide,  with  phosphorite  anhydride. 
It  IB  ftUquid  of  specific  gnivity  1*444,  boiling  at  81*^  C.    With  boiling  potash,  it  yields     M 
ammonia  and  trichloracetnto  of  potiU«^sium.     It  is  violently  attacked  by  potassium,     I 
(Duma§,  Maluguti,  and  Leblanc^  Compt  rend,  xxv.  442.) 

CTAIS'XBB  OF  ITICKB^  KiCy, — Kickel^salts  form  w4th  cyanido  of  potassium 
a  light  apple^green  precipitate,  soluble  in  excess  of  C3'anide  of  potaasiam.  It  tumj 
brown  when  dried,  giving  off  19  per  cent,  water. 

The  double  cyanidea  of  nickel  belong  to  the  less  stablo  dosa  of  donbl©  cyanides 
{p.  201),  gSTing  oflTpruasic  acid  when  heated  with  dilute  aeidt* 

Cyanide  of  Nkkd  and  Ammomtrm  ia  a  somewhat  unstalde  componnd,  obtained  by 
dissolving  cyanide  of  nickel  in  aqueous  cyanide  of  ammonium,  and  leaving  the  solution 
to  evaporate. 

Cyanide  ofltickd  and  Barium  forms  yellow  crystala,  which  give  off  20  per  cent 
water  when  heated,  Cj/ajiide  of  Nickd  and  Calcium  forms  yellow  hydrat«d  crystalii. 
Ci/onidi  ofNickd  and  Cobalt  in  a  piile  red  precipitate,  prodncing  on  mixing  the  solu* 
tion  of  a  cobalt-salt  with  cyanide  ot'  nickel  and  potaaainra.  The  co^^e«pondin^^  citprie 
salt  is  an  apple-green  precipitate.  Thefrrrous  salt  is  a  white  precipitate.  The  frad- 
salt  \a  a  yellow  ciystalline  powder,  wbieh  leparatea  after  a  while  from  a  solution  of 
acetate  of  lead  mixed  with  cyanide  of  nickel  and  potasaium. 

Ci/ttnidr  (f  Nickrl  aftd  Potassium^  K^Ni  Cy^  +  aq. — ^Obtained  by  dissolving  cyanido 
or  recently  prwipitated  sulphide  of  nickel  m  cyanide  of  potassium.  CryBtalliitefl  in 
oblique  rhomboidal  prisms,  having  a  yellow  colour*  The  aqueous  solution  yields  with 
dilute  aciils  a  precipitate  of  cyanide  of  nickel  According  to  Rammelsberg  (Pogg. 
Ann.  xlii.  114)  and  Bahird  (Compt  rend.  xix.  909)  the  crystalij  contain  6*61  per  w^nt* 
water,  which  they  give  off  at  200^0. 

Cyanidr  of  Nkkd  and  Sodium^  Na'Ni'Cy*  +  3aq.,  forms  yellow  hexagonal  prismi, 
which  give  off  their  water  at  100*^  C. 
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nation  of  iodoform,  formate  of  potassium,  and  iodide  of  ammonium.  (Mil Ion,  Ann. 
Ch.  Phys.  [3]  lix.  76.) 

CTAVZBB8  OF  OSMIUM.  (Clans,  Beitrdge  eur  Chcmie  der  PlatinmetaUe^ 
Dorpat.  1854.  —  C.  A.  Martins,  Inauguraldissertation,  Gottingen,  1860 ;  Ann.  Ch. 
Fharm.  cxvii.  357 ;  Jahre^Mr,  d.  Chem.  1860,  p.  233.) — The  only  cyanide  of  osmium 
which  appears  to  have  been  obtained  in  the  free  state,  is  the  protocyanide  OsCy ;  it  is 
separated  as  a  dark  violet-coloured  precipitate,  when  an  osmiocyanide  is  boiled  for 
some  time  with  strong  hydrochloric  acid ;  also  when  moist  osmiocyanide  of  hydrogen 
18  exposed  to  the  air. 

Protocyanide  of  osmium  unites  with  the  more  basic  cyanides,  forming  a  class  of 
double  salts,  the  Osmioctanides,  M^Os^Cy*  =»  4MCy.20sCy,  analogous  to  the  ferro- 
cyanides,  and  exhibiting  somewhat  similar  reactions  with  iron-salts.  A  solution  of 
an  osmiocyanide,  forms  with  ferrous  salts  a  light  blue  precipitate  quickly  becoming 
darker  on  exposure  to  the  air,  and  with/rmc  salts  a  precipitate  of  a  beautiful  violet 
eolour.  With  cwpric  salts,  the  soluble  osmiocyanides  form  a  red-brown  precipitate ; 
with  «i/irr,  mercurous^  and  lead  salts,  white  crystalline ;  and  with  zinc  and  cadmiwn 
salts,  white  gelatinous  precipitates. 

Osmiocyanide  of  Barium^  Ba^Os^Cy*  +  3  aq.  is  obtained  bj  treating  ferric 
osmiocyanide  with  baryta-wat«r — which  separates  ferric  hydrate  in  the  same  manner 
Bs  from  ferric  ferrocyanide — removing  the  excess  of  baryta  from  the  filtrate  by  carbonic 
add,  and  evaporating  over  sulphuric  acid.  It  forms  small  rhombic  prisms  with  basal 
end-faces,  transparent,  reddish-yellow,  easily  soluble  in  water  and  in  aquepus  alcohol 
They  are  permanent  in  the  air  at  ordinary  temperatures,  but  give  off  all  their  water 
between  50^  and  60°  C.     (Martins.) 

Otmioeyanide  of  Barium  and  Potassium  {Jda?E})OB^Cy*  +  3  aq.  separates  from  a 
mixture  of  the  boiling  concentrated  solutions  of  1  pt.  chloride  of  barium  and  2  pts. 
osmiocyanide  of  potassium,  in  small  light-yellow  crystals  having  the  form  of  acute 
rfaombohedrons  with  the  end-face  oR  The  salt  is  efflorescent,  dissolves  sparingly  in 
eold,  freely  in  boiling  water.    (M  ar  t  i  u  s. ) 

Osmiocyanide  of  Hydrogen^  Hydro-osmiocyanic  acid,  Osmiopritssic  acid^ 
H*08*CJy*,  is  obtained  by  mixing  a  cold  saturated  solution  of  osmiocyanide  of  potassium 
with  an  equal  volume  of  fuming  hydrochloric  acid,  collecting  the  precipitate^  osmio- 
pmsflic  acid  on  a  filter  (fi«ed  from  iron  by  washing  with  hydrochloric  acid),  washing  it 
with  strong  hydrochloric  acid,  and  crystallising  it  from  alcohol  covered  with  a  layer  of 
ether.  It  forms  transparent,  colourless,  shining,  prismatic  crystals,  belonging  to  the 
hexagonal  system.  They  are  anhydrous,  and  permanent  in  the  air  when  dry,  but  de- 
compose in  the  moist  state,  giving  off  hydrocyanic  acid  and  leaving  protocyanide  of 
osmium.  The  acid  dissolves  easily  in  water  and  in  alcohol,  and  is  precipitated  there- 
from by  a  small  quantity  of  ether  ;  it  has  a  sour,  metallic,  astringent  taste,  a  strong 
add  reaction,  and  decomposes  carbonates.     (Martins.) 

Osmiocyanides  of  Iron,  The  ferrous  salt,  Fe^Os'Cy*,  is  the  light  blue  precipitate 
produced  by  soluble  osmiocyanides  in  ferrous  solutions.  It  quickly  becomes  darker  on 
exposure  to  the  air,  and  is  converted  by  nitric  acid  into  a  violet  compound,  piobably 
Fe'Os'Cy*,  analogous  to  Tumbull's  blue.  The  same  compound  is  said  by  Martins  to 
be  formed  by  precipitating  osmiocyanide  of  potassium  with  a  ferric  salt;  but  the 
precipitate  thus  formed  is  more  probably /frric  osmiocyanide  (Fe")**'Os*Cy'*,  analogous 
to  ferric  ferrocyanide  (p.  227),  tne  reaction  being 

SK^OsKJy*  +  4Fe«a«  =  12Ka  +  Fe'Os^Cy". 

It  has  a  splendid  violet  colour,  and,  as  a  test  for  ferric  salts,  is  even  more  delicate  than 
fenocyanide  of  potassium ;  it  settles  down  quickly,  and  is  not  decomposed  by  lx)iling 
water.  In  drying,  it  shrinks  up  to  a  brittle  mass  having  the  colour  of  pinchbeck. 
By  boiling  with  alkalis,  it  is  decomposed  like  ferric  ferrocyanide,  with  separation  of 
ferric  hy£ate.    (Martins.) 

Osmiocyanide  of  Potassium^  K^OsKJy*  +  3  a^.  This  salt,  the  analogue  of  ferro- 
cyanide of  potassium,  was  discovered  by  Clans.  It  is  most  easily  obtained  bv  treating 
osmate  of  potassium  with  cyanide  of  f)otassium.  A  solution  of  1  pt.  osmic  add  in  a  suf- 
fident  quantity  of  strong  potash-ley  just  to  give  it  an  alkaline  reaction,  is  mixed  with 
11  pt  cyanide  of  potassium ;  the  dark  liquid  is  carefully  evaporated  to  dryness ;  and  the 
rmdae  is  calcined  at  a  gentle  heat  in  a  covered  porcelain  crudble.  The  solution  of 
the  unfused  but  whitened  mass  in  a  small  quantity  of  water,  deposits  the  salt,  after 
filtration,  in  rather  large  crystalline  plates,  which  may  be  purified  by  recrystallUation. 
Metallic  osmium  is  not  attacked  by  cyanide  of  potassium ;  but  when  gently  ignited 
with  ferrocyaiiide  of  potassium,  it  is  almost  entirely  dissolved;  the  osmiocyanide  thus 
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■p      cyanides  of  palladium  ^platinum.        ^M 

farmed  cannot,  however,  be  sepamted  from  the  fcrrocyanide,  berauso  the  two  salta 
crvatalliue  together  in  all  prop">rtion5. 

Osmiocyiinide  of  potasaitim  crjBtAllifles  from  water  as  a  yellow  silky  powder,  or 
in  yellow  quadratic  laminBD,  iBomorpbous  with  the  ferroc-yanide*  It  ia  insoluble  in 
alcohol  and  ether.  The  anhydrous  salt  is  white,  melts  when  heated  to  rednesa  in  a 
close  Tessel,  with  eTolivtion  of  g&a  and  sep^ation  of  metallic  ostnium ;  when  fiirther 
heated  in  contact  with  the  air.  it  yields  osmic  acid.  With  strong  hydroehlcric  acid  it 
flrdt  yields  otmicwyanide  of  hydrogen,  then  given  off  hydrocyanic  acid  and  deposits 
protocyanide  of  oBmium.  Treated  with  dilute  nitric  acid^  it  gives  off  a  large  quantity 
of  ^,  and  fortnd  a  solution  containing  a  nitro-osmio-cyanogen  compound  not  yet 
examined,  perhapn  analogous  to  a  nitroferricyamde  (p.  250).  Fused  with  sulphur 
it  nppears  to  yield  a  imlphosmio-cyattogen  compound.  It  doe»  not  appear  to  form  an 
osmium-compound  analogous  to  ferricyanide  of  potassium  (Martins,)  For  the  re- 
act ioni»  of  osmiocy&nide  of  potassium  with  metaUie  solutions,  ara  page  259, 

crgAMiJ^mB  or  PAmiiAJlXlTnc.  (Eerzelins^Pogg.  Ano.xiii.  460. — ^Fehliug, 
Ann  Ch.  Pliarm,  xxiix.  119. — Eammelsberg,  Fogg.  Ann,  zliii.  139). 

PffUadous  Cymndf^  FdCy»  is  obtained  as  a  yellowish- white  precipitate  on  mixing  a 
pallaulous  salt  with  cyanide  of  mercury.  It  dissolves  in  ammonia,  and  the  solution 
yi.'ldH  nn  iibundant  crop  of  crystals  of  cyanide  of  pallados  ammonium,  (NH'Pd)Cy, 

Ptitaxdio-pulfad&us  cyanide,  KPdCy*,  is  obtained  in  rhomboidol  crystals  by  dissolving 
pftilmiom  cyanide  in  cyanide  of  potassium,  and  evaporating. 

Pfd/adic  Cj/anide,  PdCy*. — The  compound  of  pallitdic  chloride  with  ehlonde  of  po- 
tassium (see  Palla^ohtm)  stirred  up  with  water  and  mijced  with  cyanide  of  mercury, 
yields  a  pale  rose-coloured  fl^cculent  precipitate  which  gradually  decomposes,  giving 
off  hydrocyanic  acid,     (  B  e  r  i  e  1  i  u  a. ) 

C YikirillllS  OT  PZi ATlVtlBi.  (L.  G m e  1  i n ,  ^i!7 ndbook,  viii. 43 Dobcreiner, 

Ann.  Cli,  PhamL  xrii.  250.^Knop,  ibid,  xlm.  IIL — Knop  and  Schnedermann, 
J.  pr.  Chem.  ixiviL  46L — Quadr&t,  Ann.  Ch.  Fharm.  liiii.  164;  ixx,  300, — Ger- 
hardt,  Oompt.  chira.  1850,  p.  145;  Traiti,  I  362.--Schaf>irik,  Wien.  Akad,  Ber. 
xviL  57;  Qm.  x.  fioe.  — Weselsky,  J.  pr,  Chem,  Ixix.  276;  Gm.  xii.  499,— 
Buckton,  Chem.  Soc.  Qu.  J.  iv.  26.— Hadow,  ilfid,  xiii.  106.— C,  A-  Marti  us, 
Uth^  die  Cyanofrbindungtn  der  Piatinmctalle,  Inaogaraltlissertationt  Gottingen, 
I860:  Ann.  Ch.  Pbarm,  cxvii.357  ;  Jahresber.  d.  ChenL  i860,  p.  230.) 

Platinum  forms  two  cyanides,  PtCy  and  PtCy*,  analogous  to  the  chloride*,  and  an 
intemiediiit©  compound  Pt'Cy*.  The  laut  two  are  known  only  in  combination ;  the 
proloeynnide  is  known  in  the  separate  state,  but  has  never  been  obtained  quite  pure. 
It  forms  a  numerous  class  of  dotible  salts,  theplatinoeyanides  MPtCy*or  MCyJ*tCy, 
which  were  discovered  by  L.  Gmelin. 

Protoci/anide  o/  Ptaiiniim,  or  Platinoui  Ct/anid^^  PtCy.— This  compound 
L«i  obfained :  I.  By  calcining  merenrous  pLitinocyanide  in  a  retort  at  a  gentle  heat 
(Dobereiner), —  2.  By  calcining  a  driai  mixture  of  mercuric  chloride  and  platino- 
cyanide  of  potassium,  as  long  as  any  rcactioo  is  apparent,  extracting  the  soluble  matters 
with  boihng  water,  and  (Reining  the  residue  to  free  it  from  mercurous  chloride 
(Kuop  and  Schnedermann) r 

KPtCy*  +  HgXl^  *=  PtCy  +  WgCU  +  ECl  +  Cy, 

JL  By  adding  strong  sulphwic  add  to  platinoH^yanido  of  potassium,  whereby  it 
becomes  heated,  and  dissolving  out  the  soluble  salts  with  water  (Knop  and 
Schn<^dermann). —  4.  B^  heating  platinocj'auide  of  ammonium  to  alx}ut  300°  C. 
( S  c  h  a  f a  r  i  k).  ^  5.  By  boiling  platinocy anide  of  hydrogen  wi  th  nitric  acid,  (S  c  h  a  • 
farik,) 

Pktinous  cyanide,  according  to  the  mantier  in  which  it  is  prepared,  ia  green iah- 
yellow  or  sulphur-yellow  in  the  recent  state,  and  of  a  rusty  colour  wlien  dry.  By  the 
fourth  method,  it  is  obtained  in  yellow  crystals,  which  are  pseudomorphs  of  the 
ammonium-Batt.  It  is  insoluble  in  water,  acid».  nnd  alkalis,  but  in  the  moist  state  it 
dissolves  in  the  cyanides  of  the  alkali-metab,  yielding  platinocyanides.  When  heated 
in  the  air,  it  buma  away,  leaving  metallic  pUitinum,  Schafank*s  product  (4^  yielding 
the  metal  In  distinct  pseudomorphous  crj'atals.  The  quantity  of  metallic  platinmn 
thus  obtained  varies  considerably,  according  to  the  method  by  which  the  compound 
hits  been  prepared.  According  to  Dobereiner.  it  yields  from  78  to  79  p.  c,  the  formula 
r»^m>ing  792  p.c.  Qmidrat,  however,  found  in  the  compound  prepared  by 
Dcibereiner's  method,  only  71 '7  p.  c,  and  in  that  pn-parod  by  Knop  and  Schnederroann's 
process,  only  72'8  p.  e.  pladnum,  numbers  agreeinp  approximrttely  with  the  formula  of 
se^qnicyanide  of  platinum,  Pt'Cy',  which  requin^s  7r6  p.  c,  Sohafarik,  however,  found 
in  the  products  which  he  obtiiined  by  Knop  and  Schnedermiinn's  method,  and  likewl«« 
by  hla  own  methotls  (4  and  5),  frum  75  24  to  77*18  p.  c.  plationni.     On  the  whole,  it 
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most  probahle  that  the  products  obtained  by  these  sereral  methods  consist  essentially 
of  protocyanide  of  platinum,  but  contaminated  with  yariable  quantities  of  foreign 
substances  which  cannot  be  removed  by  washing. 

Amnumuh-piatinous  Cyanide^  NH".PtCy.   See  Ctamidb  of  PiATOSAMMONnjif  (p.  264). 

VlattnooyanidM.  MPtCy»  «  MCy.PtCy,  or  rather  M«Pt«(y.»— These  salts  may 
be  regarded  as  compounds  of  protocyanide  of  platinum  with  a  more  basic  cyanide. 
Those  which  are  soluble  may  be  obtained  by  treating  protocyanide  of  platinum  with  an 
alkaline  cyanide,  or  the  protochloride  with  excess  of  an  alkaline  cyanide,  or  with  an 
alkaline  base  and  hydrocyanic  acid ;  those  which  are  insoluble  are  obtained  by  pre« 
cipitation.  The  copper-salt  decomposed  by  sulphydric  acid  yields  platinocyanide  of 
hydrogen,  and  this,  when  saturated,  with  bases,  likewise  yields  the  several  platino- 
cyanides. 

The  platinocyanides  belong  to  the  more  stable  class  of  double  cyanides  (p.  201), 
exceeding  even  the  ferrocyanides  in  the  force  with  which  they  retain  the  negative 
metal  and  disguise  it  to  ordinary  tests.  Strong  nitric  and  hydrochloric  acids,  either 
alone  or  mixed,  extract  no  platinum  from  them,  even  at  the  boiling  heat ;  they  are  not 
decomposed  by  digestion  with  mercuric  oxide ;  and  strong  sulphuric  acid  at  the  boiling 
heat  separates  the  platinum  but  slowly. 

The  platinocyanides  of  the  alkali-metals,  alkaline-earth-metals,  and  magnesium,  are 
soluble  in  water ;  most  of  the  others  are  insoluble,  or  sparingly  soluble.  The  soluble 
salts  ciTstallise  well  and  are  remarkable  for  the  beauty  and  variety  of  the  colours 
which  the  crystals  exhibit^  whereas  the  solutions  are  colourless.  The  solutions  form  a 
snui It-blue  precipitate  with  mercuroiu  salts,  white  with  mercuric  salts,  and  a  flocculent 
blue  precipitate  with  cupric  salts. 

Platinocyanide  of  Ammonium^  (NH*)PtCy*. — Obtained  by  dissolving  platinous 
cyanide  (3)  u  hydrocyanic  acid  saturated  with  ammonia  (Knop  and  Schneder- 
mann) ;  by  passing  dry  ammonia-gas  over  platinocyanide  of  hydrogen,  the  latter  being 
kept  in  excepts  (Quadrat) ;  by  decomposing  platinocyanide  of  pot-assium  with  sulphate 
of  ammonium  (Quadrat),  or  by  precipitating  platinocyanide  of  barium  with  a  mixture 
of  ammonia  and  carbonate  of  ammonium,  and  slowly  evaporating  the  filtrate  (Scha- 
f  a  r  i  k).  By  this  last  method  it  is  obtained  in  slender  prisms  of  a  deep  lemon -yeUow  co- 
lour, exhibiting  a  splendid  blue  fluorescence  on  the  suifacc.  These  ciystals  contain  1  at. 
water  (NH*PtCy'  +  aq.),  and  when  placed  under  a  bell-jar,  together  with  caustic  lime 
on  which  ammonia  is  dropped,  they  become  white  and  turbid,  and  give  off  half  their 
water.  These  colourless  crystals  slowly  recover  their  water  and  turn  yellow  when  ex- 
posed to  the  air.  Both  the  white  and  the  yellow  crystals  give  off  the  whole  of  their 
water  at  150®  C,  becoming  milk-white  and  pearly.  On  dissolving  the  anhydrous  salt 
in  absolute  alcohol  and  evaporating  over  sulphuric  acid,  crusts  of  colourless  needles 
shoot  out  from  the  margin  of  the  vessel,  and  at  last  coat  the  entire  surface  with  a  net- 
work exhibiting  a  beautiful  violet  fluorescence ;  on  exposure  to  the  air  they  rapidly 
turn  yellow.  The  yellow  salt  dissolves  in  about  its  own  weight  of  water,  and  in  a 
smaller  quantity  of  alcohoL 

Platinocyan  ide  of  Bariu  m,  BaPtCy^ — Prepared :  1.  By  boiling  the  copper-salt 
with  caustic  baryta,  and  separating  the  excess  of  oaryta  by  a  stream  of  carbonic  acid 
gas  (Quadrat). — 2.  By  dissolving  platinocyanide  of  potassium  in  the  smallest  pos- 
sible quantity  of  water,  adding  an  equivalent  quantity  of  the  strongest  sulphuric  acid 
(23  pts.  add  to  100 pts  potassium-salt),  taking  care  to  avoid  overheating;  tnen  adding 
10  vols,  alcohol  of  specific  gravity  0*63,  mixed  with  a  little  ether,  and  immersing  the 
vessel  in  cold  water,  to  separate  the  sulphate  of  potassium  ;  evaporating  the  filtrate  to 
one-third ;  adding  water ;  and  saturating  it  at  the  boiling  heat  with  carbonate  of  barium 
(Sc  h  af  ar  i  k). — 3.  By  triturating  2  pts.  protochloride  of  platinum  and  8  pts.  carbonate 
of  barium  with  water,  heating  the  mixture  with  10  pts.  water  nearly  to  the  boiling  pointy 
and  passing  vapour  of  hydr^yanic  acid  through  the  liquid  as  long  as  carbonic  acid 
continues  to  escape. 

The  salt  forms  monodinic  crystals,  often  of  considerable  size.  Ordinary  combina- 
tion odP.  ooPoo  .  [  odPoo  ] .  [Poo  ].  Inclination  of  ooP :  ooP  in  the  dinodiagonal  pnn- 
dpal  section  »  9^  42' ;  [Poo  ]  :  [Poo  1  =  130°  8'.  Ratio  of  axes,  a:b:e  ^  20861 : 
1*8146  :  1.  Inclination  of  6  to  c  «  76"  63'.  The  crystals  appear  green  when  viewed 
along  the  prindpal  axis ;  sulphur-yellow  at  right  angles  to  it  Specific  gravity  »  3*064. 
Tbcgr  contain  16*3  per  cent  wator  (rather  more  Uian  2  at.),  which  they  give  off  at 
100^ C.    Easily  soluble  in  hot  water.     (Quadrat) 

*  Tbfa  rormala  Is  more  convraient  for  expressing  the  composition  of  most  of  the  hTdrated  salts,  which, 
if  the  soMller  formula  h«  tued,  must  be  supposed  to  contain  a  fractional  number  of  water  atoms.  Tho 
double  formula  is  further  recommended  by  the  consideration  that  tlie  atomic  weiglits  of  sevoral  cf  tlM 
»cCali  tIs.  Ba,  Sr,  Ca.  Mg.  Mn,  Fe,  Zn,  Pb,  and  Hgare  most  probably  double  of  those  commonly  as- 
8i8nsd*to  tbom  (see  CLsasincsTKtft,  I.  1008,  n.  t):  thus  the  formula  of  platinocyanide  of  bariuni  is  roost 
rnibablj-9ae/PtS(-y*,  not  BaPtCy*,  the  barred  symbol  Ba- funding  for  the  atomic  weight  117'! 
4ai*lsorBa«>«8  6. 
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Platiuoeyanide  of  Cadmium^  CdPtCy^.^-Formed  tan,  cryatalline  piwipit^ite  on 
muciag  platinocyiinido  of  potassiom  with  chloride  of  cadmium.  It  is  anhydrous,  y*»l- 
lowUL*whit^  with  blue  irideecence  when  dry  ;  when  h(MiU;d  it  glows  and  leaves  a  com* 
pound  of  cadmium  and  phitinum.     (M a  r  t  i  u  s. ) 

Platinocyanide  of  Cadmammonium^  (NH'Cd)'Pt*Cy*  +  aq. — A  aolution  of 
the  preening  salt  in  ammonia  yielda  thie  compnund  in  la]^  whit*  ne^es,  which 
reUin  their  ammonia  somewhat  tenacioualy.     (Mart  i ufl») 

Platinooifanide  of  Calcium,  Ctk^F^Cy*  +  5jiq. — Obtained  like  the  Lorinni -salt. 
Blender  needlea  which  <^ibit  a  trichro'ism  similar  to  that  of  the  barium-sailt,  ttpp^ar- 
ing  lemon-yeUow  tind  Biskia-green  by  tmnfiniitted,  and  bluish  with  a  dia.mond  lustro 
by  reflected  light,  lliejr  are  very  scunble  in  water,  and  gire  off  20*44  per  cent,  watur 
at  140=  a     (Quadrat.) 

Pfuiinocvartide  of  Cerium,  Ce^Pt^Cy*  +  6aq. — ^Obtained  by  mixing  cerous  sul- 
phate with  platinocyanide  of  barium  ;  eraporating  the  tiltratti  at  100**C-,  «xhauating 
the  rc*<idue  with  warm  alcohol,  eraporatlng  again^  dissolving  in  water,  and  crj'stjii- 
lising.  Forms  fine  yeEow  strongly  fluorescent  prisms,  with  azure-blue  anrfacf^-lustiti, 
and  exhibiting  a  aiskin-green  tint  along  the  axis.  It  is  permanent  in  the  air,  girea 
off  htdf  its  wat«r  over  fiulphnric  acid,  but  cannot  be  completely  dehydruted  by  heat 
without  docompositioD..  From  the  alcoholic  Bolution  it  cryetullbes  in  wliite  cryatala^ 
which  contain  less  water,  but  when  exposed  to  the  air^  or  when  br&atlied  upon,  quickly 
take  up  wat«r,  and  are  converted  into  the  yellow  salL  (C^udnowics,  J.  pr.  Cbein. 
Ixxx.  16.) 

Platinocyanidt  of  Cohalt-ammonium^  (KH'Co)PtCy'. — ^Obtained  as  a  crystal- 
line  fleabHCOloured  powdftrby  precipit^itiug  platinocyaoide  of  potasainm  with  chloride  of 
cobalt,  dissolved  in  a  mixture  of  caustic  ammonia  aud  carbonate  of  ammonia.  (Kuop 
and  Bchnedcrmann.) 

Ptatinoc^anide  of  Cinehonine,  (C*H'*N*0)PtCy'.^Easily  aolnhle,  colouriewi 
needles,  obtftined  by  decomposing  th«  barium-salt  with  Bolphatc  of  cinchonine  and 
«viiporating.     (Martins.) 

Platinocyanide  of  Copper,  CuPtCj'. — Precipitated  on  adding  sulphate  of 
copper  to  a  solution  of  the  potassium -salt  (Quadrat),  It  is  a  green  precipitiite, 
which  shrinks  very  much  in  drying,  forming  sliining  ahaip-edged  fragments.  Gives 
«fF  cyanogen  when  heated  in  clo»o  tcsscIs,  and  loaves  a  black  powder,  probably  con- 
twisting  of  platinum  and  oxido  of  copper  (Schafarik).  It  is  insoluble  iu  water  and 
Binds,  but  easDy  soluble  in  ammonia,  the  solution  yielding  by  slow  evaporation  azure^ 
blue  cryst^ilB  of  the  following  salt     (Q  u ad  ra  t.) 

Ptaiinocj/anide  of  Cuprammoniumy  (NH'Cu)'Pt'ry*  -♦-  aq.— Obtained  as  jnst 
dmscribcd,  or  by  mixing  platinocyanide  of  potaasium  with  nitrato  of  eopper  dis- 
»olved  in  ammonia.  It  then  scpanites  after  a  fewhonw  in  dark  blue  needles  contain- 
ing water  of  crystallisation.  At  H0°  C.  it  gives  off  ammonia  and  turns  green. 
(Knop  iind  Schnedermann.) 

Plaiinoci^anide  of  Ethyl,  C*H*NTt4'aq.  ^  ((7H*)Pt<V  +  aq.«  C*HK;y.Pt€y 
+  aq,  (0.  T.  Thann^  Ann.  Ch.  Pbarm.  cviL  315.) — Prepared  by  passing  dry  hydro- 
chloric acid  pjas  into  a  solution  of  hy^lroplEitinotyonic  acid  in  absolute  alcohol.  Tho 
gas  is  rapiilly  absorbed »  tho  liquid  becomes  verj-^  hot,  and  solidifies  on  cooling  to  a 
cr\  stalline  pnlp,  composed  of  small  anrora-red  needks.  The  crystals  mnst  be  quickly 
filtered  and  dried  with  great  care  over  oil  of  vitriol  and  canstic  potash. 

The  crystals  thus  obtained  contain  1  at.  wat^r,  from  which  they  cannot  be  sepa- 
rated without  decomposition.  They  belong  to  the  trimetric  system,  and  are  combina- 
tions of  a  pristm  with  the  basic  terminal  face  and  a  dome.  They  appear  to  bo  isomop- 
pbons  with  platinocyortido  of  potaasinra.  Under  the  microscope,  the  body  of  the 
crystal  exhibits  a  brown  colour,  while  the  surface  varies  from  azure  to  dork  steel 
blue. 

Hydrated  pktinocyanide  of  ethyl  is  resolved  at  100**  C.  into  alcohol  and  hydro- 
platiaocyamc  acid : 

C*H^«PtO  ^  C^»0  +  C«N^PtH. 

It  Bttflfers  the  some  decomposition  in  contact  with  water.  At  higher  temperatures  it  is 
resolved  into  platinoiw  cyanide,  cyanide  of  ethyl,  and  water.  Aqueous  ammonia  added 
in  excess  to  a  concentTated  alcoholic  solntion  of  platinocyanide  of  ethjl  mixed  with 
four  or  five  times  its  bulk  of  ether,  forms  stelkte  groups  of  needles  conaisting  of  j>/a- 
iinocyanide  of  diplatosarntnonium  (p.  264);  and  on  evaporating  the  mothcr-liqnor  to 
I  dryness,  dissolving  it  in  alcohol,  and  leaving  the  solution  to  evaporate  over  oil  of 
'^'itriol,  it  first  deposits  ftt/dr&ied piaiinoeyanidt  of  amiHonium,  and  then  yellow  needles 
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probablj  eonsUtiiig  of  platinocyanide  of  Uhylammonium,    The  decomposition  may  be 
rcpreeented  by  the  equation : 

SCHTtCy'  +  3NH»  -  ^^"^(^^jcy*  +  (C»H«N)PtCy«  +  2C«n»Cy. 

PlatinocTanlde  of  Flatinocyantde  of      Cjanide  of 

diplAtoBammonium.  ethjrUmmonium.  ethyl. 

S(C«H*PtCy».BPO)  +  3NH«  «NH»Pt(NI^|  ^^  ^  NH^PtCy'  +  C«H».H.O  +  2C«H»Cy  +  2H«0. 

Flatinocyanide        Alcohol, 
of  amnion iiiiTi. 
Probably  both  these  reactions  go  on  together;  but  the  cyanide  of  ethyl  appears  to  be 
further  acted  on  by  the  free  ammonia,  perhaps  yielding  ethylamine  and  cyanide  of 
ammonium : 

C«H»Cy  +  2NH»  =  N(mCH»)  +  NH*Cy. 

Dry  ammonia  gas  converts  platlnocyanide  of  ethyl  into  platinocyanide  of  ammonium 
and  ethylamine : 

C«H»PtCy»  +  2NH«  =  Nn«PtCy«  +  N(H».C»H»). 

Ttatinocyanide  of  tUhyl ammonium,  OH*N*Pt  «  (N.H*.C*H*)PtCy«.--The  yellow 
ctystals  obtained,  in  the  manner  above  described,  by  the  action  of  aqueous  ammonia 
on  a  solution  of  platinocyanide  of  ethyl  in  alcohol  and  ether,  dissolve  very  leadily  in 
water  and  alcohol ;  and  the  solutions  evaporated  in  the  air,  leave  long  yellow  needles, 
which,  while  immersed  in  the  mother-liquor,  exhibit  a  splendid  violet  iridescence  on 
the  surface,     (v.  Thann.) 

Platinoci/an  ide  of  Hydrogen,  Hydroplatinocyanic  acid.  HPtCy*. — Prepared 
by  decomposing  the  copper-salt  suspended  in  water  with  sulphydric  acid,  evaporating 
the  filtrate  to  ^yness,  clissolving  the  residue  in  a  mixture  of  alcohol  and  ether,  and 
again  evaporating.  As  thus  obtained,  it  forms  hydrated  bluish-black  prisms,  or  if  the 
cn-stallisution  has  been  rapid,  gr<>eni8h-yellow  needles  with  a  coppery  or  golden  lustre. 
They  absorb  moisture  from  the  air,  turning  yellow  and  deliquescmg  (Quadrat).  By 
droomposing  the  barium-salt  with  an  equivalent  quantity  of  sulphuric  acid,  evapoKiting 
the  filtrat«,  re<lissolving  in  alcohol  and  ether,  and  evaporating  over  sulphuric  acid, 
Wpselsky  obtained  the  acid  in  crystals  7  or  8  lines  long,  half  a  line  thick,  and  having 
a  splentiid  vermilion  colour  with  blue  iridescence  on  the  prismatic  faces.  These 
(MTfftals  absorbed  water  from  the  air,  and  then  assumed  the  ordinary  appearance  of 
hycbophitinooyanic  acid. 

Hydroplatinocyanic  acid  turns  yellow  at  100°  C,  then  whit-e,  and  may  be  heiited  to 
140°  without  decomposing.  It  is  soluble  in  water  and  in  alcohol ;  the  alcoholic  solu- 
tion is  colourless.  It  decomposes  carbonates  with  effervescence.  It  absorbs  ammonia 
with  rapidity,  acquiring  a  yellow  colour.  Heated  with  strong  sulphuric  acid,  it  is  de- 
c« imposed,  yielding  hydrocyanic  acid  and  a  yellow  sulistance,  probably  platinous 
cyanide  (Quadrat).  Nitric  acid  decomposes  it,  with  separation  of  platinous  cyanide. 
(Schafarik.) 

Platinocyanide  of  Lanthanum,  I^'Pt'Cy*  +  6  aq. — Prepared  in  the  same 
manner  as  the  cerium-salt  (p.  262).  CrystalliKes  from  the  aqueous  solution  in  shining 
rhombic  prisms  terminated  by  a  brachydingonal  dome.  They  exhibit  dichro'ism, 
being  yellow  inclining  to  orange  by  transmitted  light,  but  having  a  blue  surface  lustre. 
When  placed  over  sulphuric  acid  they  give  off  3  at.  water  and  acquire  a  scarlet  colour; 
in  vacuo  they  give  off  5  at.  water  and  acquire  a  dirty  yellow-brown  colour.  From 
solution  in  strong  alcohol  the  salt  crystallises  with  difficulty  in  colourless  crystals, 
which  contain  less  water,  but  quickly  take  up  an  additional  quantity  and  turn  yellow. 
(Czuduowicz,  J.  pr.  Chem.  Ixxx.  31.) 

Platinocyanide  of  Lead,  PbPtCy'. — ^Yellowish- white  crystalline  powder  ob- 
tained by  precipitation.  When  heated  it  behaves  like  the  cadmium-salt.  It  is 
soluble  in  warm  dilute  nitric  acid,  solidifies  on  cooling  to  a  red  crystalline  magma  of 
platino-sesquicyanide  of  lead,  2Pb*Pt*C}'*  +  6  aq. 

Platinocyanide  of  Magnesium,  Mg'Pt'Cy*. — Prepared  by  mixing  a  solution 
of  the  barium-salt  with  sulphate  of  magnesium,  evaporating  the  filtrate  to  dryness, 
digesting  the  residue  in  ether-alcohol,  ana  leaving  the  solution  to  evaporate ;  or  by 
mixing  the  solution  of  the  potassium-salt  with  sulphate  of  magnesium,  evaporating  to 
a  dry  powder,  digesting  with  ether-alcohol,  and  evaporating  (Quadrat).  It  is  Sua 
obtained  in  fine  large  square-based  prisms,  often  grouped  in  rosettes,  of  a  deep  red 
cobnr  by  transmitted  light ;  when  viewed  by  refiected  light  the  sides  of  the  prisms 
exhibit  a  brilliant  beetle-green,  and  their  extremities  a  deep  blue  or  purple  colour. 
The  1^  crystals  contain  M^Tt'Cy*  +  7  aq.  Between  50°  and  40°  C.  (86^  and  1 13°F.) 
they  gire  up  1  ^t.  water,  and  are  reduced  to  Mg'PtfCy^  -i-  6  aq.,  which  has  a  bright 
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yellow  colour ;  this  hydrate  is  likewise  deposited  from  solutioii  at  the  temperatur©  of 
160°  F. ;  also,  according  to  WeseUkj,  by  learing  a  solutiozi  of  the  ordinary  red  and 
green  salt  in  water,  or  in  absolute  ab?oIiol,  to  ciyatalliae  over  sulphuric  acid.  At 
212*^  F.  the  salt  bt>eomes  quite  white,  and  then  consiatj  of  Mg*Pt*Cy*  +  2  aq.,  and 
between  300^^  and  400^  F.  it  giyes  olFthe  vest  of  ita  water  and  again  becomes  yellow. 
If  a  portion  of  thia  yellow  aahjdroaa  salt  be  laid  on  the  red  salt  in  powder,  it  wiU 
BOOD  abstract  water  from  the  latter,  and  a  white  kycr  will  be  formed  betwi^n  two 
yellow  borders,  one  eonaiftting  of  the  anhydrous,  the  other  of  the  6-hydrat^d  e&lt 
(Schafarik  ;  Hadow),  The  salt  is  very  soluble  in  water^  and  forms  a  nearly  colour- 
less  solution. 

Piutinoeyanide  of  Magnrsium  and  Pijiamum^(K^K)V\*Cy*  -f  7aq. — Hadow  ob- 
tained this  salt  on  one  occasion,  simultaneously  with  the  magnesinm  salt,  by  evaporat- 
ing to  dryness  a  mixture  of  the  solutions  of  sulphate  of  magneaium  and  platinooyanide 
of  potassium,  and  digesting  the  residue  in  weak  alcohol  (instead  of  ether-alcohol). 
The  t'TTstals  are  of  a  paler  red  than  the  prweding,  and  exhibit  a  8t«el-blue  lustre  by  re- 
flint^d" light  Piirt  of  the  water  of  crystallisation  is  given  off  at  100<*C  the  reat  at 
a  higher  temperature.  The  salt  cannot  he  recrystallised,  except  from  f  xcess  of  pla- 
tinncyuoide  of  magnesium,  and  even  then,  sudden  cooling  or  agitation  of  the  saturated 
solution  will  cause  it  to  separate  into  its  component  salts.     (Hadow.) 

Platinoci/anidcs  of  Mereurt/, — The  ^nt^rcunc  salt^  Hg'Tt-CyV  is  a  white  preci- 
pitate obtained  by  mixing  the  solutiona  of  platinocyajiide  of  potassium  and  mercuric 
chlAride*     (Gmelin,) 

With  merourovs  nitrate,  platino^yanide  of  potassium  forms  a  blue  precipitate^  consist* 
iug,  acoonling  to  Rammelsberg's  analysis,  of  5flgTt*Cy*.2HgNO»  +  10  aq.  This 
compountl  is  not  soliibh*  in  cold  water  acidulated  with  nitric  acid,  and  cannot  be  freed 
from  mercuroua  nitrate  by  washing.  When  boiled  with  water,  the  blue  colour  changes 
through  green  and  yellow  to  white,  being  ttltimatcly  converted  into  mercuric  platino- 
cvHtnide,,  the  liquid  containing  mereurous  nitrate.  It  is  likewise  reduced  to  mercuric 
ptjttinocyanide  by  heating  it  iu  the  state  of  powder  to  200**  — 250^ C.  (Do  herein  er; 
Schaf  ari  L)  This  blue  compound  is  also  formed  on  adding  mercoric  plafcinoeyamde 
to  mercuroua  iiitnite.     (Dobereiner.) 

Ptaiinoci/anide  of  Ni  ckdamm&nium  { NH'Ni )  PtCy*,  prod  uced  by  adding  the 
potnsaium-salt  to  an  ammoniacal  solution  of  nitrate  of  nickel,  forms  violet  ne«^es 
which  yield  a  pale  violet  crystalline  pawdt- r. 

PlatinocAftinide  of  Platinicum  Pt'Cy*  =  ijtPtCy*  [pt  «  JPt  =  i9'6I— This, 
according  to  Gerhardt  {TraiU.  i.  366),  is  the  rational  constitution  of  the  yellow  com- 
pound.  comTOonly  culled  protocyanidc  of  platinum  (p.  2G0),  But,  as  already  observed, 
it  is  moat  probabfe  that  this  compotmd  is  essentially  the  protocyanide  more  or  less 
impure, 

Plaiinccsfanide  of  Biplaiosammonium,  WBfFtH:f  -=  ^^'^^^p*^^|Cy«.— 

Precipitated  on  adding  plaHuocyanide  of  potassium  to  a  solution  of  chloride  of  di- 
platosammonium  (amtnonio-protochloride  of  platinum:  see  PukTmrii) ;  —  also  ou 
Adding  eyanide  of  poTupsium  to  chlori<le  of  diplatosammonium  ;  also  when  cyanogen  gas 
is  passed  into  a  somtion  of  hydrate  of  diplato^ammouium,  the  reaction  depending  on 
the  decomposition  of  water,  the  elements  of  which  unite  with  the  cyanogeo,  forming 
hydrocyanic  and  cyanic  acids,  and  the  hydrocyanic  add  forming  platiaocyanids  of 
diplatosammonium,  ammonia,  and  water: 

2(Nm'rt,H*0)  +  2HCy  ^  N=H-Pt'Cy'  +  2KH»  +  2H^0- 
It  is  a  white  crystidline  precipitate,  nearly  insoluble  in  cold  water,  but  may  be  crya- 
tallised  from  boiling  water,  and  is  then  deposited  in  microscopic  hexagonal  tables  often 
grouped  in  stars.  He^iled  in  the  air,  it  tidies  fire  and  burnB  like  amadou.  It  diasolres, 
without  decomposition,  in  pot^ssb  and  in  ammonia,  also  in  dilute  acids,  but  is  decom- 
posed by  strong  nitric  and  sulphuric  acida.  With  nitrate  of  sEver  it  forms  a  precipi- 
tate of  platinocyanide  of  silver,  while  nitrate  of  diplatosanimnnium  remaina  in  solution. 
(Buckton.) 

Cffanide  of  Piatosftmmonium^  NH'PtCy,  a  compound  isoroeric  with  the  preceding,  ia 
obtained  by  digesting  phlortcle  of  platosammonium  with  cyanide  of  ailver.  The 
decanted  liquid  is  yellow,  and  yiekls,  by  concentrsition,  slender  needles  of  a  paleyeUow 
colour,  much  more  soluble  in  water  and  ammonia  than  the  ptatiESOcyaiiide  of  diplatos- 
ammonium.     (Buckton.) 

Plathiocyanidc  of  Potatstum,  KPtCy-'=-KCy.Ptny.— Thia  salt,  discovered  by 
Irf-opold  Gmelin,  is  prodwccfl  by  fusing  cyanide  or  ferrocyanide  of  potassium  with 
platinum ;  hence  platinum  crucibles  are  strongly  attacked  by  alkaline  cyanides  in  a 
state  of  fusion. 
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Preparation,  1.  A  mixture  of  equal  parta  of  spongy  platinum  and  ferro/^yanide  of 
pot^issium  is  heated  nearly  to  redness  in  a  glass  or  crucible  (if  the  heat  apphed  be  in- 
sufficient,  the  ferrocyanide  of  potassium  remains  undeoomposed,  and  if  it  be  too  great, 
the  platinum-salt  is  decomposed) ;  the  mass  is  dissolved  in  water ;  the  filtrate  eyapo- 
rated  at  a  gentle  heat ;  the  warm  liquid  separated  by  decantation  from  any  crystals  of 
undecoropMed  ferrocyanide  of  potassium  that  may  have  been  formed,  then  left  to  cool 
till  the  platinum-salt  is  crystallises ;  and  this  salt  is  purified  by  pressure  between  paper 
and  recrystallisation,  both  from  ferrocyanide  and  from  cyanide  of  potassium 
(Gmelin). — 2.  Bichloride  of  platinum  is  converted  by  heat  into  protochloride ;  an 
aqueous  solution  of  cyanide  of  potassium  is  completely  saturated  with  the  latter ;  and 
the  filtrate  is  evaporated  and  left  to  crystallise  (Knop) : 

PtCl  +  2KCy  =  KPtCy«  +  KQ. 

Since  a  large  quantity  of  platinum-salt  remains  dissolved  in  the  mother-liquor,  which 
contains  the  chloride  of  potassium,  it  must  be  evaporated  and  mixed  with  sulphuric 
acid  :  hydrochloric  acid  is  then  evolved,  and  a  yellow  gummy  precipitate  formed,  con- 
sisting of  protocyanide  of  platinum,  which  separates  almost  completely  on  boiling  the 
liquid  with  excess  of  sulphuric  acid.  The  liquid  is  then  diluted  with  water;  the  precipi- 
tate is  thrown  on  a  filter,  washed  with  water,  and  dissolved  while  hot  in  aqueous  cyanide 
of  potassium ;  and  the  liquid  is  boiled  till  the  evolution  of  ammonia  (from  the  cyanate  of 
potassium)  ceases,  and  tnen  brought  to  the  crystallising  point.  (Knop  and  Schne- 
dermann.)— 3.  A  concentrated  solution  of  dichloride  of  platinum  is  added  to  the 
aqueous  solution  of  cyanide  of  potassium,  and  the  mixture  is  heated  till  the  precipitate 
consisting  of  chloroplatinate  and  the  ehloroplatinate  of  potassium  is  redissolved,  then 
left  to  crystallise. — 4.  Chloroplatinate  of  ammonium  stirred  up  with  water  containing 
lumps  of  caustic  potash,  is  dissolved  at  100^  C.  in  a  strong  aqueous  solution  of  cyanide 
of  potassium ;  the  solution  is  boiled  till  it  no  longer  gives  off  ammonia ;  and  the  filtrate 
is  left  to  crystallise.  In  this  manner  the  salt  is  obtained  quite  pure  in  needles  2  or 
2^  inches  long,  and  a  line  in  thickness.  The  addition  of  caustic  potash  prevents  the 
formation  of  (ranide  of  ammonium,  and  of  the  double  platinocyanide  of  ammonium  and 
potassium.     (Martins.) 

Properties. — ^Platinocyanide  of  potassium  forms  long  rhombic  prisms,  yellow  by 
transmitted  and  blue  by  reflected  light  The  dominant  faces  are  P  and  ool*.  Inch- 
nation  of  ooP:  »P  «  97®;  P:  ooP  «  122°.  The  crystals  contain  water,  their 
formula  being  KRCy»  +  f  aq.  or  rather  K*Pt»Cy<  +  3  aq.  They  effloresce  rapidly 
in  the  air,  becoming  opaque  and  rose-coloured;' at  100°  C.  they  give  off  12*4  p.  c 
of  water,  assuming  first  a  white  and  then  an  orange-yellow  colour.  At  a  higher  tem- 
perature, the  residue  gives  off  0*22  p.  c  more  water  (12*62  p.  c.  in  all),  again  becoming 
white,  and  ultimately  fusing  into  a  grey  and  yellow  mass,  which  is  very  apt  to  run 
over  the  sides  of  the  vessel  (Gmelin).  The  dry  salt  heated  out  of  contact  with  the 
air  does  not  decompose  at  any  temperature  between  400®  and  600®  C.  (Knop  and 
Schnedermann).  Nitric  acid  decomposes  the  salt,  forming  nitre  and  a  transparent 
and  colourless  jelly.  Mixed  with  an  equal  weight  of  strong  sulphuric  acid  and  with 
water,  and  evaporated,  it  forms  a  yellow  tenacious  mass.  Dilute  sulphuric  acid  colours 
it  orange-yeUow  (Gmelin).  — It  dissolves  in  strong  sulphuric  acid  without  evolution 
of  hydrocyanic  acid ;  the  solution  heated  to  the  boiling  point  yields  protocyanide  of 
platinum  in  thick  yellow  flakes,  no  hydrocvanic  acid  escaping,  but  a  gas  which  bums 
with  a  blue  flame,  probably  carbonic  oxide.  If  the  quantity  of  water  added  to  the 
sulphuric  acid  solution  is  just  sufficient  to  produce  intense  heat,  the  cyanide  of  platinum 
stiU  separates  out ;  but  if  too  much  water  be  added,  it  does  not.  (Knop  and  Schne- 
dermann.) Boiled  for  some  time  in  aqueous  solution  with  chlorate  or  chromate  of  po- 
tassium^  it  i<9  converted  into  platinidcyanide  of  potassium.  The  same  effect  is  produced 
by  peroxide  of  lead^  with  formation  of  carbonate  of  potassium  and  carbonate  of  lead. 
Chlorine,  bromine,  and  iodine  first  convert  it  into  platinidcyanide,  and  afterwards  into 
a  compound  of  that  salt  with  chloride,  bromide,  or  iodide  of  potassium  (Martins.) 
According  to  Hadow,  the  compounds  thus  formed  consist  of  5  at.  platinocyanide  with 
1  at  CL  Br.,  &c.  (p.  266). 

Platinocyanide  of  potassium  dissolves  abundantly  in  warm  water,  but  a  considerable 
portion  separates  out  on  cooling. 

Quadrat  ^Ann.  Ch.  Pharm.  Ixiii.  167)  by  adding  protochloride  of  platinum  to  an 
aqueous  solution  of  cyanide  of  potassium,  and  evaporating  the  filtrate  to  the  crystal- 
lising point,  obtained  well-defined  yellow  crystals  which  he  found  by  analysis  to  agree 

with  the  formula  K«Pt»Cy"  +  ^  aq.,  or  KCy.6KPtCy"  +  ~  aq.,  and  from  this  salt 
2  Z 

be  obtained,  by  double  decomposition,  a  number  of  others  said  to  be  of  similar  con- 

ititntioD,  and  therefore  represented  by  the  general  formula  M«Pt*Cy",  or  MCy.6MPtCy». 

These  Mlts  Quadrat  designates  as  platino-platinid cyanides.    The  potassiiim-sidt 
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prwparwl  by  Quudrat's  mpthod  has,  however,  been  analysed  by  G«rhar<1t>  Latirenff 
and  Schnfarik,  who  all  agree  in  assigning  to  it,  not  the  formulu  giren  by  Qujidriit^  but 
tJie  formula  of  phitinncy-iiiide  of  potaissiiini,  KPtCj',  Hence  it  would  appeiir  thut 
Qutidrat'i*  pktino-pbtiuicioyanides  vere  merely  platinocyaEides  not  quite  pure. 

riatinix;yiimda  of  pota^ium,  mixed  in  solution  with  other  soluble  phitinocyauide^i 
yields  crystaUine  double  Baits  of  analogous  composition,  and  of  much  brighter  and 
deeper  colour  than  the  component  «alt.  Pi^iinrtcyamde  of  potassium  and  sodium 
(KNa)Pl=Cy*  +  fi  aq.*  prepared  as  abore  or  by  decompOi*iDg  platiuoeyrtoide  of  copper 
with  a  solution  of  the  corbonolea  of  potassium  and  sodium,  forms  monoelitiic  crystal* 
(  QcP  .  [  ooPoc  ]  .  [Poo  ]J  nf  A  bright  orango  colour  by  trausmitt^^d,  and  stc^cl-blue  by 
reflected  light,  with  Riskin-groen  fluoreacence.  The  salt  (KSrjPt-Cy'  forms  mooo- 
clinic  cryetala,  with  y^'ilow  body-colour  and  blue  iridGseence  on  the  surface.  The  salt« 
(KCa)Pt*Gy*  and  (KBa)Pt*Cy*  exhibit  a  fine  deep  gold  colour.     (Martins.) 

Platinoci/anide  of  Silt^er  in  a  white  pi-ecipitate,  resemblhig  cyanide  of  silver. — 
Ptaiinoci/anid^  of  argrnt-ammonium  (NH'Ag)PtCy-isobtaiued  by  dissolring  carl»oniito 
of  silver  in  ammonia,  and  adding  a  solution  of  platinocyanide,  or  platinose.squicyajudo 
of  potassium.  It  forms  colourless  or  slightly  flesih -coloured  needles,  infloluble  in  pure 
water,  but  soluble  at  the  l>oiling  heat  in  Btnjngly  ammoniacal  water.  An  ammoniacal 
solution  of  nitrate  of  eilTer  mixed  with  ammoniu  yields,  after  a  few  hours»  mjcdles 
which  appear  to  be  by drated.     (K n o p  and  Schnedermann.) 

Platinocyanide  of  Sod  in  m^  NaPtCy'  4  Jf  aq.,  obtained  by  lioUing  tho  copper- 
salt  with  carbonate  of  sodium,  forms  large  ciystals  belonging  to  the  monoclinio  system. 

Plaiinoeyanidt  of  Strontium^  Sr*Pt'Cy*  -h 6  aq»»  prepared  by  saturating  hydro- 
pLitinooyanic  acid  with  carbonate  of  stroDtium,  or  by  decomposing  the  copper-sidt  with 
atfon tin-water,  forms  sometimes  milk-white,  sometimes  transparent  aystula,  which, 
when  exposed  to  the  air,  acquire  a  violet  tint  throughout.  When  lelt  OTcr  sulphurie 
acid  for  twenty-four  hours,  they  acquire  a  splendid  purple  colour*  like  that  of  a  solution 
of  permanganate  of  potussurm,  and  a  gold-green  nketallie  surface-lustre,  but  on  cxposiira 
to  the  air  for  a  few  days,  they  comph  tuly  regain  their  previous  appe;irancc.  At  100-  C, 
the  Bait  become*!  turbid  througljout,  and  acquires  a  deep  orange  colotir,  deeper  thuii 
that  of  the  dry  barium-salt,  the  gold-green  surface-lustTe  being  at  the  samt-  time  ehiingrd 
to  azuro.  At  160°  0.  the  aalt  becomes  white  and  anhydrous,  but  is  s^j  set«iitiv«  to 
moisture,  tlmt  when  breathed  upou^  it  immediately  acijuires  a  blackish-purple  colour. 
(Schafiirik.) 

Platinocyanide  of  Zinc-ammonium^  (NE*Zn)PtCy*»  ifl  obtAined  in  large  co- 
lourless crystals  by  adding  platinoeyanide  of  potassium  to  an  ammoniac^il  solution  of 
chloride  of  zinc. 


PiiJiinosesmdepamdf's. 
§ii\tti  axe  prndticed  by  the  action  of  nitric  acid,  chlorine,  bromine^  and  other  oxidising 


Piatt  iiMoTaAldes. 


M»Pt»Cy»  -  2MCy.Pt'Cy».  —  Thew 


fntB  on  the  pktinoc}'anide8  : 

GMPtCy'  +  O  =  2M'R'-Cy»  +  MK>  +  2RCy. 


»    J 


Tht)^  have  a  peculiar  coppery  lustre,  and  are  all  solulle  in  wat^  and  alcohol,  forming 
colourless  sohitions,  excepting  the  lithium-salt,  the  solution  of  which  is  yellowisli 
(Weaelskv).  They  give  off  cyauogea  when  hented»  leaving  a  residue  of  platino- 
cyanide.  Like  the  feiricyunides,  they  separate  iodine  from  iodide  of  pot^issium,  and 
exert  a  bleaching  action  in  presence  of  alksilis*     (Hadow.) 

According  to  Hadow  (Chem.  Soc.  Qn.  J.  xiii.  106),  the  composition  of  the  platim'd- 
cyanides  is  not  correctly  represented  by  the  formula  aboTo  given.  For.  as  the  proportion 
biitween  the  plutiimm  and  the  himc  metal  is  the  same  in  this  formula  as  in  that  of  the 
plat  inocy  an  ides,  it  is  not  easj''  U}  see  how  the  platioidcyanides  are  produced  from  thepla- 
tinocyanides  by  oxidation.  Weselsky's  equation  supposes  that  platiuum  is  removea  at 
the  same  time  as  tho  basic  metal ;  but  this  is  regarded  by  Hadow  as  inconsistent  with 
tho  known  stability  of  the  platinoeyanide^.  MoreoTer,  when  platinidcyanides  are  retluced 
to  platinocyanides  by  the  action  of  potash,  no  cyanide  of  pota^isium  appears  to  be  formed. 
Hadow  concludes,  from  his  own  analyses  of  the  pktiiiidcyanides,  that  they  are  merely 
platinocyanides  combined  with  a  certain  quantity  of  chlorine,  bromine,  uitryl,  &c.,  ac- 
cording to  the  oxidising  ageut  used  tp  ^t  :■•  f  rmatioo,  and  accordingly  divider  them 
into  chioroplaiinocifamdety  hromoplat  ,  &c.  The  compound  PtCy^KCl  (p.  267  J  J 

he  regards  BBtkpeirchloroplatinocffau.r        ^  /r//«,  EPtCy-^.d,  in  which  the  platino-| 

cyanide  is  combined  with  tho  maximum  quantity  of  chlorine  that  it  is  capable  0^ 
taking  up.  Moreover  as  6  at.  of  platinoo^'anide  of  potassium  (KPtCy')*,  require  6  at  | 
chlorine  to  convert  them  into  tho  {lert'hlorocyanide,  whereas,  acciiniing  to  Hudow.  thi 3 
chloroplfltinocyanide  rt^quirea  only  5  at,  chlorine  1 9  produce  the  same  compound,  h^J 
concludes  that  the  fonnula  of  the  chloroplatinoeyanide  is  (KPtCy')\CL     On  this  tIcw 
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tlie  oxidising  aetion  of  the  salt  in  presence  of  potash,  without  fbrmation  of  cyanide  of 
potassium  is  explained  by  the  equation : 

2(KPtCy«)«Cl  +  KK)  =  12KPtCy«  +  2Ka  +  O. 

The  chloroplatinoeyanides  may  also  be  regarded  as  compounds  of  platinooyanides  and 
percbloroplatinocyanides  : 

(KPtCy«)«Cl  «  SKPtCf  +  KPtCy'.Cl. 
And,  in  fact,  on  mixing  the  concentrated  solutions  of  the  platinocyanido  and  perchlopo- 
platinocyanide,  the  copper-coloured  needles  of  the  chloniplatinocyanide  immediately 
sefKirate  out.  On  the  other  hand,  on  mixing  the  solution  of  chloroplatinocyanido  of 
potiissium  with  a  zinc-salt,  platinocyanide  of  zinc  is  precipitated,  and  perchloroplatino- 
cyanide  of  potassium  remains  in  solution. 

The  corresponding  bromine-,  nitro-.  &c,  compounds  are  similarly  constituted  with 
Br,  NO',  &c  in  place  of  CI.  No  iodine-oompounds  of  the  class  appear  to  exist,  but  an 
axysulpkopiatinocyanide  of  potassium^  (KI*tCy*)*.SO*,  is  obtained  as  a  cop^^er-red 
mass,  with  moss-Uke  ramifications,  on  adding  peroxide  of  lead  to  a  solution  of  platino- 
cyanide of  potassium  acidulated  with  sulphuric  acid. 

The  perdiloioplatinocyanides  give  with  mercurous  nitrate  a  white,  and  with  cuprie 
salts  a  finely  pulverulent  blue  precipitate,  whereas  the  platinocyanides  give  with 
vurcurous  nitrate  a  smalt-blue,  and  with  cuprie  salts  a  flocculent  blue  precipitate. 
The  perchloroplatinocyanides  separate  iodine  from  metallic  iodides,  and  when  im- 
mersed in  a  solution  of  platinocyanide  of  potassium  immediately  become  covered  with 
copper-red  needles.  The  chloro-  (or  bromo-,  nitro-,  &c.)  platinoc}*anidcs  exhibit  the 
reactions  of  the  two  salts  of  which  they  may  be  made  up. 

As  IIadow*s  results  differ  from  those  of  all  other  chcmista  who  have  examined  the 
so-called  platinidcyanides,  the  composition  of  these  salts  must  for  the  present  be  con- 
sidered doubtfuL 

Platinidci/anide  of  Ammonium,  (NH*)PtKJy*,  crystallises  in  needles  containing 
I  at.  water  (K  n  o  p  and  Schnedermann).  They  have  a  golden  yellow  metallic  lustre, 
become  steel-grey  at  160**  C.  with  partial  decomposition,  and  lemon-yellow  between 
\%(P  and  190°.    (Weselsky.) 

Platinidcyanide  of  Lead,  2Pb^*Cy*  -t-  5aq. — This  J»alt  crystallises  on  cooling 
from  a  solution  of  platinocyainide  of  lead  in  warm  dilute  nitric  acid.  It  may  be  ol^ 
tained'pure  by  gradually  adding  nitric  acid  of  specific  gravity  1*2  to  a  mixture  of  the  con- 
centrated solutions  of  platinocyanide  of  potassium  and  acetate  of  lead,  and  leaving  the 
mixture  to  cooL  It  then  often  separates  m  needle-shapetl  crystals  2  inches  long,  having 
a  light  rod-lead  colour  in  the  body,  and  deep  azure-blue  on  the  surface.  At  40**  C. 
they  give  off  1  at  water,  and  assume  a  vermilion  colour ;  between  60°  and  60°  they 
become  cherry-red,  at  a  stronger  heat  flesh-red;  and  at  200-,  perfectly  white  and  anhy- 
drous.    (C.  F.  Martius.) 

Platinidcyanide  ofLithium,  Li*Pt'Cy*  -h  3aq.,  is  very  soluble  in  water  and 
alcohoL     (Weselsky.) 

Platinidcyanide  of  Magnesium  forms  a  blackish  violet  satiny  mass  of  micro- 
scopic needles.     (Weselsky.) 

Platinidcyanide  of  Potassium,  K^t*Cy*  -I-  3aq. — Obtained  by  passing  chlo- 
rine into  a  warm  solution  of  platinocyanido  of  potassium,  sufficiently  concentrated  to 
deposit  crystals  on  cooling,  till  small  copper-red  needles  begin  to  form  in  it  and  ulti- 
mately convert  the  liquid  into  a  thick  pulp.  The  passage  of  the  gas  is  then  discon- 
tinued, the  mass  is  tJirown  on  a  filter  and  slightly  pressed,  to  facilitate  the  remoral 
of  the  mother-liouor,  and  then  subjected  to  strong  pressure  between  folds  of  filtering 
paper.  It  is  purified  by  recrystallising  it  several  times  from  the  smallest  possible 
quantity  of  boiling  water,  slightly  acidulated  with  hydrocliloric  acid  to  saturate  any 
cyanate  or  carbonate  of  potassium  that  may  be  mixed  with  the  salt,  and  would  reduce 
it  to  platinocyanide  when  heated.    (Knop.) 

Platinidcyanide  of  potassium  crystallises  in  beautiftil  prisms,  green  by  transmitted, 
and  having  a  coppery  metallic  lustre  by  refiected  light.  Viewed  in  the  mass,  it  re- 
sembles a  tissue  composed  of  fine  needles  of  copper.  It  dissolves  easily  in  water,  but 
is  insoluble  in  alcohoL  The  solution  forms  a  white  precipitate  with  mercuric  salts, 
deep  blue  with  mercurous  salts,  greenish  blue  with  cuprie  salts.     (Knop.) 

The  salt  is  easily  decomposed  by  heat,  giving  off  cyanogen,  then  acquiring  a 
brownish-yellow  colour,  and  ultimately  melting  to  a  brown  mass  (Knop).  According 
to  Weselsky,  it  turns  dark  green  at  180°  C,  and  yellow  at  200°,  without  losing  ita 
metallic  lustre.  When  left  over  sulphuric  acid  in  vacuo,  it  gives  off  pwrt  of  its  water, 
turns  black,  and  is  afterwards  only  partially  soluble  in  water.  By  digestion  with 
potash  it  is  reduced  to  phitinocyanide.  Strong  sulphuric  acid  decomposes  it,  with 
eeptration  of  a  yellowish  powder,  which  gives  off  cyanogen  at  a  red  heat,  and  leaves  a 
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rewidti©  eontaiaing  pklinum  iwid  potassium.  When  digested  with  cold  ooneentratM 
hydrochloric  acid,  it  first  twnie  orttnge-yeliow  and  theo  white,  bat  resumes  it»  copper 
coloor  when  heated.     (Knop.) 

Hadow,  as  already  observed,  pe^urds  this  salt  as  plutioocyanide  of  potaiwium  iijitfed 
with  i  at.  CI,  Br,  NO',  &tL,  areording  to  the  oxidising  agent  \iiied  in  it's  forrauhori. 
that  18  to  say,  na  (KPtCy*)*Cl,  (KPLC3r')*Br,  &c.,  or  as  a  conipound  of  chloroplatmo- 
eynnid»\  &c.,  with  p^'rcliloroplatinocjanido,  &c.  (p.  267).  He  gives  as  the  i^ajtieiit 
method  of  preparing  the  chlorine  or  bromine  componnd,  to  treat  |  of  a  eoncent rated 
solution  of  platinoeyanide  of  potass ium  with  exoeisa  of  ehlorine  or  bromine,  and  af^er 
gently  wanning  it>  add  to  it  the  renmiiiing  |  of  the  platinocynnide:  the  pureualt  then 
aeparate*  out  iSter  a  short  time.  Tlie  crystals  of  chloropiatinor^anide  of  pfAoMium 
contain  K*I't*C^*'*Cl  +  V^-O,  of  which  9  at  go  off  at  100«  C,  the  rest  nt  180°. 
(Hadow.) 

Compound  of  Pfatinic  Cyanidcmih  CMorids  of  Potassium,  PtCy*.KCl  ^  aq, ;  a<?cord- 
ing  to  Hadow,  Perchiorocyanide  of  Pota^mum^  KPtC>)r*.Cl  +  aq.— Obtained  liy  dissolv- 
ing platinidcyanide  of  potassium  in  nitromuriatic  arid  heated  nearly  to  boiiing  (Knop 
and  Schnedtrmann),  or  by  adding  pernutnRiinate  of  potafisium  to  a  solution  of  the 
same  mH  aeidulutod  with  hydrochloric  acid  (Hadow),  and  evaporating  at  the  hcut  of 
the  water-bath.  The  liquid  on  cooling  deposits  the  salt  in  large  rhomboidal  plates  be- 
longing to  the  tricHnic  cystera,  very  soluble  in  water  and  in  ol^hol,  while  the  mothep- 
liquor  retains  chloride  of  potassium. 

The  salt  ia  very  efflorescent.  "When  heated  it  gires  off  cysnogen,  and  if  calcined  at 
a  gontle  heat,  leaTcs  a  residue  of  nlatinocyanide  and  chloridu  of  pota«sinm  ;  but  if  more 
strongly  heated,  leaves  mctallie  ^latiimm  and  chloride  of  potassium.  When  sulphurous 
acid  gas  is  passed  into  the  solution  and  the  Hquid  is  then  left  to  evaporate,  it  deposits 
crystals  of  platinidcyauide  of  potassinin  mixed  with  platinocyanidsi.  A  similar  reac- 
tion is  effected  by  atinc  and  l>y  aniraonia,     (Knop  and  Schuedermann.} 

CTA.17XSS   0P    PRO6PM0Rirs<     See  page  255, 

CTAJrxi>£  OP  FOTil.S6Iir»E.  CNK  =  KCy,  This  salt  is  produced  by  the 
direct  combination  of  i\vanogen  and  potassium.  The  metal  absorbs  cyanogen  slo'wly 
at  ordinary  tempcrnture,  but  when  heated,  it  qniekly  takes  up  a  volume  of  tlie 
gas  k]uhI  to  the  volume  of  hydrogen  whieh  the  same  quantity  of  pi-jtaa.wium  would 
eliniiujite  from  water.  Pot^Bfjium  heated  in  the  vapour  of  hydrocyanic  acid  is  abo 
con  verted  into  cyanide,  with  separation  of  a  qu&ADty  of  hycbogen  equal  to  that  which 
it  would  eliminate  from  wator. 

The  fonnation  of  cyanide  of  potassium  by  fusing  azotised  organic  matters  with 
carbonate  of  potaettium,  by  igmtlng  nitratrs  or  uitntes  with  organic  substancep,  and 
by  ptussing  niLrogen  ga.<t  or  atmospheric  air  over  an  ignited  mixture  of  charcoal  and 
carbonate  of  potassium,  has  been  already  mentioned  (pp»  198,  238). 

Prt^paratwn. — Cyanide  of  ^jotassinm  ia  prepared  by  igniting  the  ferroeyanide  (yellow 
prussiate)  either  alone  or  mixed  with  carbonate  of  pota«num.  The  former  method, 
when  properly  conducted^  yields  a  ^ure  product,  the  ferrocyanide  being  resolved  by 
hoat  into  cyanide  of  potassium,  carbide  of  iron,  and  nitrogen  : 

2CNK.CNFe  =  2CNK  +  FeC  4-  N. 

One-third  of  the  cyanogen  is,  however,  Tesolved  into  carbon  and  nitrogen,  so  that  only 
two- thirds  is  obtained  in  the  form  of  cyanide  of  potassium.  The  latter  method  yields 
a  hiTfvr  product^  l^ve-aixths  of  the  i^yanogeii  remaining  ss  eyanido  of  potassium,  but 
the  aalb  tnos  obtained  is  mixed  with  cjaisat<e  and  carbonate  of  potassium  : 

K^FcKJy*  +  K*CO»  -*  6KCy  +  KCyO  -f  CO*  +  Fel 

The  pireaence  of  these  impurities  does  not,  however,  interfere  with  many  of  the  pur- 
posM  to  which  cyanide  o{  potiissiiim  is  applied  :  hence  the  process  is  frequentjy  used, 

1 .  By  simple  ignition  of  tht  ftTrm\yanidi,  Crvstallised  yellow  prussiato  is  dehydrated 
by  heating  it  on  an  iron  plate  till  it  forms  a  dirty  white  mass  on  cooling.  It  ia  then 
pulverised,  pressed  into  an  iron  crucible,  and  the  crucible  with  ita  cover  on  is  subjeetetl 
to  ft  moderate  red  beat,  till  a  sample  of  the  fused  moss  taken  out  on  a  glass  rod,  appears 
white  aziid  lochibits  the  aspect  of  porcelain  on  cooling.  The  erncible  is  then  taken  ont 
of  the  fire,  left  at  rest  till  the  carbide  of  iron  has  settled  down  to  the  liott^im,  and  the 
fiised  cyanide  of  potassium  is  poured  ont  on  a  marble  slab  or  a  plate  of  polis^hed 
metal.  Care  must  be  taken  not  to  apply  too  utrong  a  heat,  which  would  partlv  decom- 
pose the  cyanide  into  nitrogen  and  earbide  of  potassium,  and  not  to  leave  the  fuseil 
mass  too  long  in  contact  with  the  carbide  of  imti,  as  a  certain  quantity  of  ferrocyanide 
may  then  be  reproduced.  (Bobiquet,  J.  Pharm,  [3]  xvii,  643 ;  Qeiger,  Ann.  Ch. 
Phtirim  i.  44.) 

2<  By  igniting  th(  fcrroryanid^  u^Uh  carbonaU  ofpoinmum.     An  intimate  mixture 
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of  8  pts.  anhydrous  ferrocjanide  and  3  pis.  carbonate  of  potassium  (the  proportion 
indicated  by  the  equation  above  given),  is  introduced  by  small  portions  into  a  cast-iron 
crucible  previously  heated  to  low  redness.  After  all  the  material  has  been  added,  the 
crucible  is  kept  in  the  fire  till  the  melted  mass  exhibits  on  cooling  the  aspect  of  por- 
celain, as  above  mentioned ;  it  is  then  taken  out,  left  at  rest  till  the  metallic  iron  pro- 
daced  by  the  decomposition  has  settled  down,  and  the  fused  salt  is  poured  out ;  or  it  is 
left  to  cool,  and  dissolved  out  by  water  or  alcohol  (F,  and  E.  Bodgers,  Phil.  Mag. 
[3  J  iv.  93. — Lie  big,  Ann.  Ch.  Pharm.  xli.  285). — The  carbonate  of  potassium  used  in 
this  preparation  must  be  free  from  sulphate,  which  would  be  reduced  by  the  cyanide  to 
sulphide.  An  iron  crucible  is  preferable  to  an  earthen  one,  because  the  latter  is  pene- 
trated by  the  fused  salt,  and  imparts  silica  to  it.  (Haidlen  and  Fresenius,  Ann. 
Ch.  Pharm.  xliii.  130.) 

3.  Cyanide  of  potassium  may  also  be  prepared  by  igniting  in  a  covered  crucible  a 
mixture  of  10  pts.  prussian  blue  and  13  pts.  carbonate  of  potassium,  and  exhausting  the 
cooled  mass  with  water  or  alcohol.  Also  by  throwing  cyanide  of  mercuiy  on  carbonate 
of  potassium  heated  nearly  to  redness.     (F.  and  KKodgers.) 

4.  The  attempts  to  prepare  cvanide  of  potassium  on  the  manufacturing  scale  by 
means  of  atmospheric  nitrogen,  nave  already  been  described.  The  salt  is  often  pro- 
duced in  considerable  quantity  in  the  blast-furnaces  in  which  iron  ores  are  smelted 
with  coal  or  coke;  hence  Bunsen  has  suggested  the  construction  of  a  blast-furnace 
expressly  for  the  production  of  cyanide  of  potassium,  the  furnace  being  filled  with  coke 
or  charcoal  and  potash  in  alternate  lasers,  the  whole  intensely  heated  under  the 
influence  of  a  strong  blasts  and  the  cyanide  running  down  into  a  receiver  at  the  bottom. 
{lieports  of  the  British  Association^  1845,  p.  185.) 

Properties.  —  Cyanide  of  potassium  crystallises  in  transparent  colourless  cubes  or 
forms  derived  therefrom.  It  is  inodorous  when  diy,  but  when  exposed  to  the  air  in 
the  moist  state,  it  is  decomposed  by  the  carbonic  acid  of  the  air,  and  exhales  the  odour 
of  prussic  acid.  Its  taste  is  acrid  and  caustic,  somewhat  like  that  of  bitter  almonds. 
It  IS  very  fusible,  melting  at  a  dull  red  heat  to  a  transparent  liquid,  which,  on  cooling, 
solidifies  to  a  dull  opaque  mass  ha\in^  the  aspect  of  porcelain.  At  a  white  heat  it 
appears  to  volatilise  without  decomposition.  It  has  an  alkaline  reaction,  and  is  in- 
tensely poisonous. 

Cyanide  of  potassium  is  easily  soluble  in  watir  and  very  deliquescent,  so  that  it  must 
always  be  kept  in  tightly  closed  vessels.  It  likewise  dissolves  readily  in  hydrated 
alctfhol,  but  is  insoluble  in  absolute  alcohol. 

Decoinpositions.  —  1.  The  aqueous  solution  of  cyanide  of  potassium  may  be  kept 
unaltered  in  closed  vessels  at  ordinary  temperatures,  but  when  boiled,  it  is  resolved 
into  ammonia  and  formate  of  potassium : 

CNK  +  2H«0  =  CHKO*  +  NH». 

The  cyanide  heated  with  hydrate  of  potassium  likewise  yields  ammonia  and  formate  of 
potassium,  at  first ;  but  the  latter  compound  is  resolved,  before  the  heat  rises  to  red- 
ness, into  hydrogen  and  carbonate  of  potassium  (Pelouze). — Hence,  as  Gay-Lussac 
long  ago  observed  (Ann.  Ch.  Phys.  viii.  440),  ammonia  is  likewise  evolved  when  hot 
cyanide  of  potassium  is  dissolved  in  water,  or  cold  cyanide  of  potassium  in  hot  water. 

2.  When  the  solution  is  boiled  down  in  contact  with  the  air^  hydrocyanic  acid  is 
evolved,  and  there  remains  more  carbonate  than  formate  of  potassium.  When 
moist  or  dissolved  cyanide  of  potassium  is  exposed  to  the  air  at  ordinaiy  temperatures, 
it  gradually  absorbs  carbonic  acid,  gives  off  hydrocyanic  acid,  and  is  converted  into 
carlK>nate. 

3.  Cyanide  of  potassium  detonates  violently  when  heated  with  nitrate  or  chlorate  of 
potassiunL 

4.  Cyanide  of  potassium  under  various  circumstances  takes  up  1  at  oxygen^  and  is 
thereby  converted  into  cyanate.  This  effect  takes  place,  though  very  slowly,  when  the 
cyanide  is  fused  in  contact  with  the  air ;  more  quickly  when  it  is  fiised  with  peroxide 
of  manganese,  arsenic,  antimony,  lead,  or  with  the  oxides  of  tin,  iron,  or  copper  —  in 
the  last  case  with  ignition.  The  peroxide  of  manganese  b  thereby  reduced  to  protoxide, 
and  the  other  oxides  to  the  metallic  state.     (Liebig,  Ann.  Ch.  Pharm.  xli  289.) 

5.  Cvanide  of  potassium  fused  with  sulphate  of  j^tassium^  jielda  cyanate  and 
sulphide  of  potassium  (Liebig). — Cyanide  of  potassium  may  likewise  exert  a  re- 
ducing action  in  the  moist  way ;  thus,  from  aqueous  alloxan,  after  a  few  hours,  it 
throws  down  dialurate  of  potassium.     (Liebig.) 

6.  Cyanide  of  potassium,  fused  with  sulphur,  is  converted  into  sulphocyanate 
(Porrett),  and  similarly  when  heated  with  sulphide  of  antimony  or  sulphide  of  tin, 
the  fused  metal  separating  out  (Liebig).— Sulphur  does  not  dissolve  in  aqueous 
qranide  of  potassium,  but  selenium  dissolves  readily,  even  at  ordinaiy  temperaturea. 
(Wiggera»  Ann.  Ch.  Pharm.  xxix.  319.) 
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7.  Gviuiide  of  putassium  boiled  with  iodine  tflkea  up  a  lai^e  quantity  of  tlmt  «iib- 
Btunce,*  fortninK  first  a  brown  and  ait«»rwards  a  colourless  liquid,  which  solidifies  on 
coolings  and  forma  a  cryBtalline  niApma  of  iodide  of  cyanogen  (Liebig,  Ann.  Ch. 
Pharm,  L  356),  Probubly  in  this  manner  I  KCy  +  P  —  KI  -»-  CyJ.  According  to 
Langlois  (ADn«  Ch.  Phjs.  [3]  Ix.  220),  the  cryst^  consist  of  a  compound  of  cy&nide 
of  potassium  with  iodide  of  cjimogen.     (See  CrANOGVir,  lonisB  of.) 

8.  Cjfuude  of  potassium  takes  up  iodide  o/niirtHfrn  withont  anj  erolution  of  gas  ; 
tha  oolourleiis  Bolmtion  eraporated  in  vacuo,  yields  s  crystaUo-granular,  very  dcU- 
qnesccnt  mass^  the  solution  of  which  smells  of  iodoform,  and  produces  a  yellow  pre- 
cipitate with  corroaive  sublimate.     (Mi Hon,  AniL  Ch.  Phys,  [2]  bcix.  78.) 

Cyanide  of  potasainm  forms  nimieroiis  compounds  with  other  metallic  cyanideg,  the 
description  of  which  is  given  with  those  cyanides. 

Us^s. — Cyanide  of  potassium  is  of  great  ose  to  the  experimental  chemist,  both  for 
its  reducing  and  its  solvent  powers.  As  a  reducing  agent,  it  is  neariy  equal  in  power 
to  potassium  itself,  and  Is  especially  useful  in  blowpipe  reactions.  As  a  solvent,  it  is 
much  used  in  analysis  for  sepaztttiiig  metals  one  £rom  the  othcTt  e.g,  cobalt  ^m 
nickel  (L  1047),  copper  from  bismuth,  cadmium,  &e.  (p.  62) ; — also  in  various  processes 
of  volumetric  analysis,  the  estimation  of  eonper,  for  example  (p.  48).  It  is  used  in 
medicine  for  the  same  purpose  as  pnisaic  adu ;  and  by  photographers  for  fixing  proofs 
on  moist  oollodiou,  and  for  removing  stains  of  nitrate  of  silver  from  the  hand;?^  which 
it  does  by  forming  a  soluble  double  eyanide  of  silver  and  potassium.  This  last  mode 
of  employing  it  is,  however,  very  dangerous,  as  if  it  comes  in  contact  with  a  cut  or 
acratehed  sm^ce,  it  is  apt  to  produce  painful  and  troublesome  eorea,  and  may  even 
give  rise  to  dangcn>ufl  symptoms  of  poisoning.  The  removal  of  silver  stains  muy  be 
quite  as  well  effected  by  means  of  a  solution  of  iodine  in  iodide  of  potassium.  (See  a 
paper  by  JUL  Davanne,  B^pfrtoire  de  Ckimis  applioucr,  "K&y  1861,  p.  182.) 

L^anide  of  potassium  is  extensively  used  in  galvanic  gilding  and  silvering,  indited, 
the  chief  consumption  of  it  is  for  this  purpose. 

Ttstin^  and  Valvatum, — Commercial  cyanide  of  potassium  may  contain  thefoDowing 
impurities:  Carbonate  of  Pota^um.  Tlii^  salt  n?mains  behind  when  the  cyanide  is 
dissolved  in  hot  alcohol  of  36^  Bm. — Chhride,  The  salt  ignited  with  2  pts.  of  nitre 
and  10  pts.  carbonate  of  potassium  (both  free  from  chloride),  then  disaolvetl  in  wut^r 
and  super-satumted  with  nitric  acid,  precipitates  nitrate  of  silver.  ^Cyflna/f.  ConhtintMl 
in  the  cyanide  prepared  by  Bodgers*  process,  and  sepanites  from  the  hot  solution  in 
lamina.  If  the  pt>rtiou  of  the  cyanide  which  is  soluble  in  alcohol  of  36^  Bm,  gives  off 
carbonic  acid  on  addition  of  acids,  and  forms  a  precipitate  of  carbonate  with  bari urn- 
salts,  the  presence  of  cyanate  may  be  inferred  (p.  192). — FcTrocf/anide.  Precipitate  of 
Prussian  blue  with  a  ferric  salt  (which  must  be  quite  free  from  ferrous  salt),  after  Mutu- 
rstion  with  hydrochloric  acid.  With  sulphate  of  copper,  a  precipitate  which,  on  ad«lition 
of  hydrochloric  acid,  doe^  not  turn  white,  but  red. — Formate.  The  salt  blackeuf^  on 
ignition.  Also  on  expelling  the  hydrocyanic  acid  from  the  solution  by  a  stream  of  car- 
btinic  add,  evaporating  to  dr3rnesSt  exhausting  with  alrohol,  again  evaporating  and 
diiitilUng  the  residue  with  dilute  sulphuric  add,  formic  floid  passes  over,  and  may  be 
recopiised  by  its  power  of  reducing  silver  and  mercury-salts.— iSr7*ca£^.  Besidue 
silica,  aiter  suparsaturation  with  hydrochloric  acid,  evaporation  to  drynesSh  and 
tion  in  ^^i/tr.  — Sutphutf,  Precipitate  with  barium-salts  after  supersaturation 
hydrochloric  acid. — Sulphidt.    Dirty  precipitate  with  lead-salta. 

The  proj^iortion  of  pure  cyanide  of  potassium  in  a  ^iven  sample  mav  be  estimated  by 
means  of  a  fitandard  solution  of  nitruto  of  silver.  Since  1  at  cyanide  of  potassium  is 
required  to  precipitate  1  aL  silver,  and  1  at.  more  cyanide  of  potassium  to  redis* 
solve  the  precipitate  as  cyanide  of  silver  and  potassium,  ILAgC?',  it  follows  that  1  at, 
silver  predpitated  and  redissolved  corresponds  to  2  at  cysnide;  or  108  pts.  to 
2  X  65  =  130  pts.  cyanide  of  potassium.  (Glassford  and  Kapier,  PhiL  Mag.  [3] 
XXV.  68.) 

A  better  method  ia  that  proposed  by  Fordos  and  G61ii  (J.  Phann.  [3]  xxiii.  48), 
depending  on  the  reaction  of  iodine  on  cyanide  of  potassium.  6  grammes  of  the  salt 
under  examination  are  dissolved  in  water,  and  the  solution  is  made  up  with  water  to 
half  a  litre.  Of  this  solution  20  e.  a  are  introduced  into  a  flaak  of  about  2  litres 
csinacity,  together  with  a  litre  or  I J  litre  of  water.  On  the  other  hand,  an  alcoholic 
solution  of  iodine  is  prepared  containing  40  grammes  in  a  litre,  and  this  standiinl 
liquid  is  poured  from  a  burette  (divided  into  cubic  centime! i»s)  into  the  sohition  of 
the  cyanide,  till  the  liquid  becomes  permanently  yeDow,  The  quantity  of  iodine  re- 
quired to  protluce  this  effect  is  then  read  offi  254  pts.  iodine  coirospond  to  65  pli?, 
cyanide  of  potassium. 


crrAirxos  or  psoPTXt  or  tsxtyIi* 

BuTYRa*fiTBH*s  (i,  698). 


C*H^  -  C*H^CK,— Identical  with 
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CTAVZBB8  or  RBOBZVM.  The  sesquicyanide^  Kh'Cy',  is  precipitated 
AS  a  line  carmine-coloured  powder,  on  adding  strong  acetic  acid  to  a  solution  of  potassio< 
rhodic  cyanide.  It  dissolyes  in  cyanide  of  potassium,  and  is  decomposed  by  ignition, 
leaving  metallic  rhodium  difficult  to  attack  with  acids.     (Martins.) 

Poiassio-rhodie  Cyanide,  K*Eh'Cy«  -  SKC^jr.Rh'Cy',  ma^be  prepared  like  the 
corresponding  iridium-salt  (Claus,  p.  323),  or  by  igniting  rhodium  with  ferrocyanido 
of  potassium  (Martins).  It  resembles  the  iridium-salt,  but  is  distinguished  there- 
from by  its  reaction  with  acetic  acid  as  just  mentioned,  the  iridium-salt  when  treated 
in  the  same  manner  remaining  unaltered.     (Claus,  Martins.) 

CTAJrX3>B8  or  &UTKSHTinMC  ^  Buthentocyanide  of  Potassium^ 
K*Ru'Cy*  +  3aq.,  is  obtained,  like  the  iridium-salt,  by  fusing  1  pt.  of  chloro- 
rutheniate  of  ammonium  with  1§  pts.  pulverised  cyanide  of  potassium,  dissolving 
the  fused  mass  in  boiling  water,  and  leaving  the  filtrate  to  cooL  It  crystallises  in 
small  transparent,  colourless  square  tables,  having  their  edges  truncated  by  octahedral 
faces.  It  is  isomorphous  with  ferrocyonide  of  potassium,  and  crystallises  with  that 
salt  in  all  proportions ;  consequently  it  cannot  be  obtained  pure  by  fusing  ruthenium  or 
any  of  its  salts  with  ferrocyanide  of  potassium-  When  heated  with  hydrochloric  acid, 
it  gives  oflf  prussic  acid,  and  after  some  time  yields  a  deep  violet-blue  precipitate,  con- 
sisting of  cyanide  of  ruthenium  mixed  with  a  small  quantity  of  cyanide  of  potas- 
sium. The  solution  of  the  salt  treated  with  chlorine  gas  assumes  a  brown-yellow 
colour,  quickly  changing  to  dark  green ;  probably  a  ruthenicyanide  of  potassium,  analo- 
gous to  the  ferricyanide,  is  formed,  but  no  crystalline  compound  is  obtained. 

The  reactions  of  rutheniocyanide  of  potassium  with  metallic  Sidts  are  similar  to 
those  of  the  ferro-  and  osmiocyanides  (pp.  247,  269),  viz.  a  lij^ht  violet  precipitate 
■with,  ferrous,  dark  violet-blue  with/rrric  salts ;  dirty  red-brown  with  cupric  salts ;  wliite 
with  mercurous  nitrate,  acetate  of  lead,  and  sulphate  of  zinc  ;  with  dicJdoride  ofpia" 
tinum  it  forms  a  dark  brown  solution.     (Claus,  Jahresb.  d.  Chem.  1855,  p.  446.) 

Rutheniocyanide  of  Hydrogen,  H^Ru^Cy",  is  precipitated  by  hydrochloric  acid 
and  ether  from  the  solution  of  the  potassium-salt,  in  white  nacreous  laminae,  which 
have  a  strongly  acid,  somewhat  astringent  taste,  dissolve  readily  in  water  and  in  alco- 
hol, and  merely  acquire  a  faint  bluish  colour  when  exposed  to  the  air.     (Claus.) 

Ruthenium  and  osmium  are  the  only  metals  of  the  platinum  group  whose  potassio- 
cyanides  are  converted  into  hydrogen-salts  in  the  manner  just  mentioned.     (Claus.) 

CTAVX9B  or  8ZIVSB.  AgCy.>- Obtained  by  precipitating  nitrate  of  silver 
with  a  soluble  cyanide.  According  to  Glassford  and  Napier,  the  purest  product  is  ob- 
tained by  using  as  the  precipitant  a  sol  ition  of  cyanide  of  silver  and  potassium. 

Cyanide  of  silver  is  a  white  powder,  insoluble  in  water,  very  slightly  soluble  in  boil- 
ing dilute  nitric  acid,  easily  in  ammonia.  It  is  easily  decomposed  by  hydrochloric 
and  sulphydric  acids.  Heated  in  the  dry  state,  it  gives  off  half  its  cyanogen,  with 
violent  effervescence  and  a  glow  extending  through  the  whole  mass,  and  leaves  a 
mixture  of  metallic  silver  and  paracyanide  of  silver,  (See  Paracyanogen  ;  also  Gm. 
viii.  27.) 

Cyanide  of  silver  dissolves  in  the  aqueous  solutions  of  the  cyanides  of  potassium, 
sodium,  barium,  strontium,  and  calcium,  forming  double  cyanides,  MAgCy^  whoso 
solutions  are  not  precipitated,  either  by  metallic  chlorides  or  by  caustic  alkalis,  but 
are  decomposed  by  acids,  with  separation  of  cyanide  of  silver.  It  dissolves  also  at  the 
boiling  heat,  in  the  chlorides  of  potassium,  sodium,  bariumj  calcium,  and  magnesium, 
and  in  ferro-  or  ferricyanide  of  potassium,  the  solution  containing  crystallisable  cyanide 
of  silver  and  potassium. 

Ammoniocyanide  of  Silver,  or  Cyanide  of  Argent  ammonium^  NH'Ag.Cy, 
is  formed  on  pouring  a  dilute  solution  of  nitrate  of  silver  into  a  hot  mixture  of  ammo- 
nia and  prussic  acid,  and  separates  on  cooling  in  large  colourless  plates,  which  give 
off  all  their  ammonia  when  exposed  to  the  air.  (Liebig  and  Redtonbacher,  Ann. 
Ch.  Pharm.  xxxviii.  129.) 

Sitrocyanide  of  Stiver,  AgN0*.2AgCy,  is  a  cirstalline  salt  obtained  by  dis- 
solving recently  precipitated  cyanide  of  silver  in  a  moderately  concentrated  and  boil- 
ing solution  of  nitrate  of  silver. 

Cyanide  of  Silver  and  Potassium^  AgKCy*  =  KCy.AgCy,  crystallises  in 
colourless  octahedrons,  hexagonal  plates,  and  rhomboidal  prisms,  the  latter  when 
dried  at  lOO^C.  containing  J  at.  water  (Ag'K^'Cy*  +  aq.)  (Glassford  and  Na- 
pier). It  is  permanent  in  the  air,  soluble  in  8  pts.  cold  and  1  pt.  boiling  water;  dis- 
solves also  in  boiling  alcohol,  and  crystallises  therefrom  on  cooling  (Glassford  and 
Napier).  According  to  S.  Baup  ('Ann.  Ch.  Phys.  [3]  liii.  462),  the  pure  s^dt  crj-s- 
tallisefl  on  cooling  in  plumose  lamellee,  and  by  slow  evaporation  in  six-sided  prisms 
(the  rhomboidal  prislns  observed  by  Glassfoid  and  Napier  consist  of  a  cyanide  of 
•ilfer,  potasBiaxii,  and  sodium  to  be  presently  noticed).     It  requires  for  solution  4  pts. 
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wafer  at  20°  C,  and  25  pta.  alcohol  of  25  per  cent,  at  the  Baroc  tcmpemhire.  It  do^a 
not  become  coloured  by  exposure  to  sunlight,  neither  iloes  il  stain  pappr  wnd  tho  skiu 
like  other  silvei^sJilts.  The  cyanide  of  silver  precipitated  from  the  eolution  by  nitric 
acid  in  likewit^^a  unalterable  bj  lights 

' .    Cyanide  of  silver  and  potaeaium  i«  used  for  galTBuie  gUding.    When  its  solution 

Bi  suhjected  to  the  action  of  the  battery,  metallic  ailvcr  is  deposited  at  the  negative 

^K>le  in  a  compact  adhering  layer»  while  at  the  positive  pole^  where  a  ^trip  of  silver  is 

phiced^  a  quautity  of  the  metal  is  coDtinually  dissolvinK  equai  to  that  which  is  deposited 

at  tho  other  pole.     The  silver-bath  may  be  preparefiby  dissolving  cyanide,  chloride, 

or  any  other  silver-aalt  in  cyanide,  ferrocyanide,  or  feriic^ramde  of  potassium* 

Cyanide  of  Silver  and  Sodium^  NaAgCy*,  obtained  by  saturating  a  Boln- 
tion  of  cyanide  of  sodium  ^ith  cyanide  of  silver,  forms  anhydrous  laminar  crystals, 
soluble  at  20°  C,  in  5  pta.  of  water  and  24  pta.  alcohol  of  86  per  cent.     (Banpf) 

Cyanide  of  Silver,  Potassium,  and  Sodium,  2KAgCy'.NaAffCy",  crystaHxsM 
iron!  the  raother^bqnor  of  commorciid  cyanide  of  silver  and  pnta?8iura,  the  fiodium  being 
derived  ^m  tho  impure  potash  nsed  in  the  preparation  of  the  cyanide  of  potaailum. 
It  crystallises  in  anhydrous  rhomboidal  prisme.  being  in  fact  the  salt  regarded  by 
Glassford  aod  Napier  as  one  of  the  forma  of  cyanide  of  silver  and  potasstuiiL  U 
diHM'lves  in  4'4  pts.  water  at  16'^  C*  and  in  22  pts.  alcohol  at  17*^  C. 

The  solution  of  either  of  the  double  aalta  above  mentioned  forms  whit«  precipitates 
with  the  sa.U»of  ntan^anese,  tine^  cadmium,  /f  rtif,  and  juercitricutHf  greenish  with  ferrous 
RiiUs,  piilo  red  with  ct>^^salts,  bluiijh-white  with  cupric  salts,  whit«  with  mereufio 
salts,  all  thogp  precipitates  consisting  of  compounds  of  cyanide  of  silver  with  another 
metnilic  cyanide. 

cmklSTGM  ai*  BOBinxCt  NaCy,  may  bo  obtained  by  the  same  methods  as 
cyanide  of  pejta5<^in7n,  but  does  not  form  so  easily*  F,  and  R  Eodgers  calcine  6  to 
10  pts.  pnissi^in  blue  with  10  pts.  dry  carbonate  of  sodium,  and  eixbanst  the  ignited 
ma&a  with  boiling  akohol,  from  which  the  cyanide  of  sodium  cryfttallisea. 

C7A.vn»E  OP  STYRin..  Cyanide  of  Cinnyl  C*<*H*N  «  C»H*C;r.— Obtained 
by  heating  iodide  of  styrj^l  with  an  alcoholic  solution  of  cyanide  of  potaaaium  in  sealed 
tubes.  On  mixing  the  oily  layer  of  liquid  thereby  produced  with  water,  and  adding 
chloride  of  soditim,  the  cyanide  of  styryl  separates  as  a  yellowish-oil,  easily  soluble  in 
©thcr^  slightly  in  alcohol,  insoluble  in  water*  When  treated  with  potash,  il  gives  ofiT 
ammonia  and  becomes  resimsed.     (Ramdohr,  Zeit^clir.  Ch,  Pharm.  18o8,  p.  113*) 

C7iUrrp£  or  ITST&TI.,  Cyanide  of  Butyl  VakrGnitriU.  C*H»N  =  C*H*Cy. 
— This  body  h  produced  by  dehydrating  valerate  of  ammonium,  C*H*(NH')0^  or  vale- 
ramide,  N.H''*C^H''0,  vdih.  anhydrous  phosphoric  acid  (Dumas,  Malaguti,  and  Le- 
blanc^  C3ompt.  rend  xxv.  658).  It  was  discoTcrtd,  in  1846,  by  Schlieper  (Ann. 
Ch.  Pharm.  lis.  15)  among  the  products  of  tho  deeompitsition  of  gelatin  by  chromic 
acid,  and  has  been  found  byQuckelberger  {ibid.  Ixiv.  72)  among  the  products  of  the 
oxidation  of  casein* 

Freparati&n  frmn  Glue.^-^2  pts.  of  glue  are  left  to  swell  up  in  50  pts.  of  water ;  \B  pts. 
of  sulphuric  acid  are  abided;  the  mixture,  after  coolini^,  is  poured  into  a  retort  con- 
taining 8  pts.  acid  chromato  of  potassium,  and  distiEed  till,  towards  the  end,  the  liqaid, 
which  becomes  continuaUy  greener,  no  longer  boils  quietly  but  begins  to  froth  strongly* 
The  distillate  thus  obtained — which  is  white  and  turbiii,  has  an  add  reaction,  and 
smells  strongly  of  hydrocyanic  acid  —  is  rectified  over  mercnric  oxide,  which  decom- 
pc^es  the  formic  acid  present,  with  evolution  of  gH«,  and  retains  the  hydrocyanic  acid 
in  the  form  of  cyanide  of  mercury ;  and  the  liquid  which  first  pulses  over,  mixed  with 
oily  drops,  is  collected  apart  and  several  times  fractionally  rectitied  p^r  m,  tiU  the  oil 
which  passes  ovar  is  accomjianied  by  only  a  small  quantity  of  watery  liquid— then  at 
a  gentle  heat  over  magnesia,  to  retain  benzoic  acid,  the  receiver  being  changed  as 
aoon  as,  in  place  of  a  transparent  colourless  oil  and  a  clear  watery  liquid,  a  milky 
liquid,  gradually  depositing  oily  drops,  begins  to  pass  over*  The  first  oil  is  dehydrated 
by  means  of  chloride  of  calcium,  and  slowly  distilled;  the  receiver  changed  at  110°  C, 
because  tliat  which  passes  over  at  UO*^  is  chiefly  volcracetoiiitrile,  while  nt  110^  tha 
mixture  of  that  body  with  cyanide  of  tetryl,  and  from  110^  to  HO^  principally  the 
latter  diatila  over  ;  and  thiii  last  distillate  is  Kubjeeted  to  two  more  di.nt illations,  tho 
portion  which  distils  over  between  122°  and  130'^  l>eing  collected  apart  in  the  former, 
and  that  which  passes  over  between  124*^  and  127°  in  the  l&tt«r :  this  latter  portion  is 
pu re  t*y  a  nide  of  te  try  1.     ( S  c  h  1  i  c  p  e  r, ) 

From  Casein. — ^1  pt*  of  casein  is  dissolved  in  a  mixture  of  3  pt.a.  snlphuric  acid  and 
6  pts*  Wiiter  contained  in  a  retort ;  a  solution  of  2  pts.  acid  chromate  of  potassium  in 
10  pts.  water  is  added  (a  lai^r  quantity  would  produce  valerianic  acid  instead  of  cyanids 
of  tetryl) ;  the  reaction  which  entiues  is  moderated  by  the  addition  of  H  pts.  more 
wat-er  (30  pts.  in  all)  j  the  distillute  is  shaken  up  rind  redistilled  with  mercuric  oxide ;  the 
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distillate  thus  obtained  is  neutralised  with  chalk,  and  redistilled ;  and  tho  neutral  dis- 
tiUate  is  subjected  to  repeated  fractional  rectification,  whereby  there  is  obtained,  first  a 
milky  distillate  mixed  with  drops  of  colourless  oil,  and  ultimately  the  latter  only. 
When  this  distillate  is  further  rectified,  propylic  aldide  passes  over  below  120°  C,  and 
between  120°  and  140°  chiefly  cyanide  of  tetryl,  which  may  be  purified  by  repeated 
rectification,  the  first  and  last  portions  that  pass  over  being  set  aside.  (Guckcl- 
berger.) 

Cyanide  of  tetryl  is  a  transparent,  colourless,  Tcry  thin  liquid  which  refiracts  light 
strongly.  Specific  gravity  0*81  (Schlieper);  0-813  at  16°  C.  (Ouckelberger). 
It  boils  at  1250  (Schlieper);  at  126°  to  128°  (Guckolberger).  Vapour-density 
«s  2*892  (Gu eke  1  berger).  Smells  like  bitter  almond  ou  and  sahcylous  acid 
(Schlieper),  and  has  an  aromatic,  burning,  and  bitter  taste  (Gnckelberger).  It 
makes  a  transient  grease-spot  upon  paper.  It  dissolves  in  about  four  times  its  volume 
of  water  and  mixes  in  all  proportions  with  alcohol  and  ether,    (Guckelberser.) 

Cyanide  of  tetryl  when  set  on  fire,  bxims  with  a  white  luminous  fiame,  and  without 
smoke.  In  sunshine  it  is  decomposed  by  chlorine  or  bromine^  with  formation  of  hydro- 
chloric or  hydrobromic  acid  (Schlieper).  "With  strong  sulphuric  acid  (also,  accord- 
ing to  Gnckelberger,  when  distilled  with  dilute  sulphuric  acid),  it  is  resolved  into  sul- 
phate of  ammonia  and  free  valerianic  acid  (Schlieper) : 

C*NH»  +  2EP0  «  NH»  +  C*H'«0*. 

Kitric  acid,  hydrochloric  acid,  and  ammonia  have  no  action  upon  it  (Schlieper). 
With  aqueous  fixed  alkalie,  it  is  easily  resolved  into  a  valerate  of  the  alkali-metal  and 
free  ammonia  (Schlieper,  Guclcelberger).  It  is  decomposed  at  ordinary  tempe- 
ratures hypotaenumy  into  cyanide  of  potassium,  hydrogen  gas,  and  a  peculiar  hydro- 
carbon.    (Dumas,  Malaguti,  and  Leblanc) 

CTAWZBB  07  TBAXAXVlff.  Precipitated,  on  cautiously  adding  cyanide  of 
potassium  to  a  solution  of  a  thallium-salt,  as  a  white  or  light  brown  powder,  easily 
soluble  in  excess  of  the  precipitant.    (Crook es,  Proc  Boy.  Soc  xii.  166.) 

CTAWZBB  07  TZTAJilUMt  When  the  solution  of  crude  platinum  ore  in 
aqua-regia  is  precipitated  by  cyanide  of  silver,  cyanide  of  titanium  is  thrown  down, 
together  with  the  cyanide  of  pdladium  and  copper.  On  igniting  this  precipitate  in  a 
retort,  cyanide  [or  impure  chloride  ?]  of  titanium  sublimes  in  the  form  of  a  greyish- 
vhito  mass,  which  dissolves  readilv  in  water,  and  is  then  precipitated  white  by  am- 
monia, yellowish-red  by  tincture  of  ^alls,  and  gives  a  white  colour  with  tin  and  hydro- 
chloric acid.    (Fr.  Weiss  and  Fr.  Dobereiner,  Ann.  Ch.  Pharm.  xiv.  16.) 

Nitrocyanide  of  Titanium^  TiCy'.STi'N*. — This  compound,  which  was  formerly 
regarded  as  metallic  titanium,  occurs  as  a  fumace>>product,  in  the  form  of  beautiful, 
opaque,  copper- coloured  ciystals  in  the  blast-furnaces  in  which  iron  is  smelted.  Its 
production  appears  to  be  connected  with  the  formation  of  cyanide  of  potassium  so 
constantly  observed  in  the  iron  furnaces ;  a  similar  product  is  in  fact  obtained  by 
placing  a  mixture  of  fcrrocyanide  of  potassium  and  titanic  acid  in  a  well-dosed  cru- 
cible, and  exposing  it  for  an  hour  to  a  heat  sufficient  to  melt  nickel.  The  result  is  a 
brown  unfus^  mass,  which,  under  a  magnifying  power  of  300  diameters,  exhibits, 
besides  particles  of  metallic  iron,  a  network  of  short  copper-coloured  prisms  having  a 
strong  metallic  lustre.  These  crystals,  when  freed  from  iron  by  hydrochloric  acid, 
exhibit  all  the  properties  of  the  crystals  found  in  the  blast-furnaces. 

When  this  compound  is  heated  to  redness  in  a  porcelain  tube,  and  a  continuous 
current  of  aqueous  vapour  passed  over  it,  titanic  acid  is  formed,  with  evolution  of 
hydrogen  gas  in  considerable  quantity  (Regnault),  and  likewise  of  ammonia  and 
hydrocyanic  acid  (W oh  1  e  r).  If  the  crystals  are  in  their  natural  state  (not  pulverised), 
the  titanic  add  thus  produced  maintains  the  form  of  rounded  cubes ;  but  these,  when 
examined  by  the  microscope,  are  found  to  consist  of  aggregates  of  crystals,  in  the  form 
of  pointed  square-based  octahedrons,  having  a  strong  lustre  and  exactly  resembling  the 
crystals  of  native  anatase. 

The  crystals  of  nitrocyanide  of  titanium  heated  in  dr^  chlorine  ^as^  yield  liquid 
chloride  of  titanium,  and  a  crystalline  volatile  yellow  sublimate,  consisting  of  a  com- 
pound of  chloride  of  titanium  with  chloride  of  cyanogen.  Mixed  in  the  state  of  powder 
with  hydrate  of  potassium  and  fused,  thej  give  off  ammonia  and  are  converted  into 
titanate  of  potassium.  '  When  the  pulverised  compound  is  heated  with  oxide  of  lead^ 
copper,  or  mercury,  a  lively  sparkling  fiame  is  emitted,  and  the  oxide  is  reduced  to  the 
metallic  fltate.  The  heat  evolved  in  this  reaction  is  so  great  that  even  copper  runs 
into  a  globule  in  the  glass  tube.  (Wohler,  Ann.  Ch.  Phys.  [3]  xxix.  166;  Chem. 
Soc.  Qu.  J.  iL  262.) 

CnrAVSra  OV  TZW.  Alkaline  cyanides  added  to  stannous  salts  throw  down 
■tannooB  hydrate,  but  retain  a  small  portion  of  tin  in  solution.    Stannous  sulphide 
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dissolvefl  aliglitly  id  boiling  cyanide  of  pottfjainm,  and  tho  aolatbn  is  precipitited  by 
hydrocMorlc  acid. 

cnrAVI^£  OF  TaiTTZi.    C*H'N  =:=  C"H^Cy.     (See  BuTTaoNrrmui,  i.  698). 

A  compound  of  thii  Wdy  with  trichloride  of  phosphorus,  C*H'N.PC1\  ia  obtained  hy 
treatinff  butyramidG  with  pntachloriLle  of  photJphoniB.  It  is  a  colourless,  strongly 
refracting  liquid,  which  is  decomposed  by  water,  yk- Iding  cyanide  of  trityl,  hydrochloric 
acid,  tind  pho^phorons  acid.     (Henke,  Ann.  Ch.  PhaniL  cvi  272.) 

ClTiLJrxllIIS  OP  vm^TiTUWIL,  Cyanide  of  potaaainm  farma  with  nranic  salts  a 
yellow  precipitate,  eolabl©  in  nitric  acid  and  in  ercees  of  cyanide  of  potassium.  Prom 
UTjnous  salts  it  merely  precipitates  tuunous  oxide, 

QTAK'ZIIE  OI"  VAWAl>ZXniI.  When  h^rdrated  ranadic  oxide  is  digpnteil  in  a 
dose  Tcssel  with  pmssic  acid^  a  dark  brown  gnlatmoue  mass  is  produced  which  dissolves 
in  aqueous  cyunido  of  potassium  ;  bat  the  solution,  when  OTaporated  in  an  open  Yessel, 
gives  oiTpru^aic  acid  and  leaves  vanadate  of  potassium.     (Berselius.) 

C7iUrz]l£  Ol^  TTTSXtfM.  Tho  solution  of  hydrate  of  yttria  in  prusaie  acid 
yields  on  «>vtiporatioii  white  effioreseent  nodules  easily  soluble  in  water  and  alcohob 
CBerlin.) 

CYAlflDS  OP  sore,  ZnCy.^Zinc-salta  mixed  with  &n  alkaline  eyanide  yield 
a  white  pulyeTiilt"nt  pi^cipitate  of  cyanide  of  «inc,  insoliibJo  in  wat^r  and  alcohol,  but 
easily  Holnble  in  aikaline  cyanides*  Cyanide  of  zinc  is  likewise  obtained  by  dissolving 
the  oxide  in  hydroqranic  acid.  C  Op  perm  an  n  (J.  Pharm.  [3]  xxxviii  320)  prepares 
it  for  medical  purposes,  by  passing  vapour  of  hydrtxiyanie  acid  into  a  solntion  of  sub 
fvhatc  nf  zinc,  mixed  with  1  at.  accttite  of  eodium,  and  slightly  acidulated  with  acetic 
iicid  The  precipitate  when  washed  is  free  from  iron,  even  if  it  has  been  thrown  down 
from  an  impure  zinc-solntion. 

/T  r/  an  idc  of  Zinc  and  Ammonium^  {KH'')ZnCy',  forms  colourless  rhomhoTdal 
prisms  which  effloresce  in  contact  with  the  air,  and  smell  of  hydrocyanic  acid  and 
ammonia.     It  is  only  partially  soluble  in  water^  cyanide  of  zinc  remaining  undissolved. 

Cyanide  of  Zinc  and  Barium^  BaZn^y*.  White  powder,  sparingly  soluble^ in 
water;  pnccipitatcd  on  mixing  tho  aolutiona  of  acetate  of  barium  and  cystuide  of  aino 
and  potassium.     It  generally  retains  a  small  quaFitity  of  potash. 

Cyanide  of  Zinc  and  Calcium.  Moderately  soluble;  obtained  by  treating 
cyanide  of  zinc  with  cyanide  of  calcium. 

Cyanidf.  of  Zinc  and  Lead.     White  precipitate. 

Cf/anido  of  Zinc  and  Foiassiuvt^  KZnCy*  is  obtained  by  disst living  cyanide 
of  zinc  in  cyanide  of  polassium*  cr}-stallifles  in  largo  regular  octaht'drons,  colourless, 
fusible,  h.iving  a  Baccharino  taste  and  alkaline  reaction,  permnnent  in  tho  air,  very 
soluble  in  water,  Tho  aqueous  solution  has  a  faint  odour  of  pnissic  acid.  Small 
quantities  of  hydrochloric,  sulphnric,  or  acetic  acid  precipiuite  the  cyanide  of  idnc,  but 
larger  quantities  of  acid  redissolve  it.     (L.  Gmelin,  Handb.  vii.  424.) 

Ct/anide  of  Zinc  and  Sadiumy  NaZn*Cy*  +  faq.— Shilling  scalesi)  which  giTS 
off  their  water  at  20iP  C. 

Clt^SfTti*  Anthokyan,  (Clamor  Marquart^  Die  Farhen  d^r  Blufhm.'Ronn^ 
1S35.— Fremy  and  Croez,  J,  Pharra.  [3]  xxv.  249. — Filhol,  Compt,  rend,  xxxix. 
19 4, ^Martens,  Jahresh.  d.  Chem.  1856,  687»)^Tbis  name  is  applied  to  the  bke 
colouring  matter  of  flowers,  which  is  perhaps  identical  with  that  of  certain  bi^rrieit, 
roots,  tubers^  &c.  It  is  contained  in  the  bine  petala  of  corn-flowers,  violets,  and  several 
species  of  iris  (/.  pumila  and  /.  grrmanica\  and,  according  to  Marqiiart,  also  in  r«'d, 
blue,  and  black  flowers.  To  extnict  it,  the  petals  are  exhausted  with  alcohol ;  tho 
liquid  is  evapomtod  to  dryness;  the  residue  treated  with  water,  which  separates  a  fatt^ 
or  rf  «inona  substance,  and  dissolven  the  colouring  matter;  the  aqueous  »f.dution  is  preci- 
pitatrd  with  ocetsta  of  lead  \  tho  green  precipitate  is  washir'd,  suspended  in  a  large  qoan* 
tity  of  water,  and  decomposed  by  sulphydric  acid  j  the  filtrate  is  carefully  evaporated 
over  the  water- bath ;  the  res  id  tie  treated  wifli  absolute  alcohol ;  and  the  alcoholic  solu- 
tion mixeil  with  ether,  which  precipitates  tho  c^'anin  in  blue  flocks.  (FrAmy  and 
Clocz.) 

Cyanin  thua  prepared  is  a  bltie  uncrystalliaable  mass,  soluble  in  wat^r  and  alcohol, 
insolnhle  in  ether.  It  is  decolorised  hy  reducing  agents,  such  as  sulphurous  acid* 
phosphorouM  nci<i  aud  alcohol,  but  r«>covers  its  blue  ctdour  when  exposed  to  the  air. 
It  is  instantly  coloured  red  by  adds;,  green  by  alkalis.  With  bases,  such  as  lime, 
bar}'ta,  and  oxide  of  lead,  it  forms  green  insoluble  rompounds* 

Red  flowers  are  said  also  to  owe  their  coloiir  to  the  prcBcnco  of  cyanin  reddened  by 
a  free  acid.  This  eupfKWiition  may  aeeonnt  for  the  fact  that  many  flowers,  of  tho  bonge 
and  mallow  tribes,  for  example,  which  are  red  in  the  bud,  tuni  blue  when  expnodedi 
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SDd  green  as  they  fiide,  the  change  being  due  to  the  disappearance  of  the  free  acid, 
or  to  the  formation  of  ammonia  resulting  from  the  decomposition  of  a  nitrogenous 
compoimd. 

The  reaction  of  cyanin  with  acids  and  alkalis  renders  it  useful  for  the  preparation 
of  test-pa^  and  tinctures ;  the  alcoholic  extract  of  the  petals  of  Iria  germanica  or 
/.  pumUa  18  very  well  adapted  for  the  purpose. 

The  term  cjanin  is  also  applied  to  a  blue  dye,  which,  according  to  G.  Williams 
(Dingl.  polyt  J.  clix.  330  and  399),  is  prepared  from  chinoUne  with  iodide  of  amyl, 
and  used  in  calico-printing.    The  colour  is  fugitive. 

<rr AVXTB.    See  Etanitb. 


CTAVOCnmOBKB.  A  sulphate  of  copper  and  potassium,  CuEISO^  +  3  aq.,  found, 
together  with  other  salts,  as  a  deposit  on  the  lava  of  Vesuyius  thrown  out  in  the  erup- 
tion of  1866.     (Scacchi,  Sill.  Am.  J.  [2]  xxii.  262.) 

CTAVOVO&BC  t  A  mixture  of  cyanide  of  mercury  and  dehydrat^ed  acetate  of 
calcium  yields  by  dry  distillation  a  yellow  liquid  smelling  of  prussic  acid,  and,  accord- 
ing to  Bonnet  (Gm.  vii.  147),  containing  cyanoform,  CHCj^,  an  analogue  of  chloro- 
form. Bonnet,  however,  did  not  analyse  the  compoimd,  and  Nachbaur  (Ann.  Ch. 
Pharm.  ex.  303),  has  shown  that  the  liquid  in  question  contains,  together  witn  cyanide 
of  methyl,  acetone,  and  prussic  acid,  a  base  having  the  composition  of  dicyanhez- 
methyldiamine,  C»H"N*  «  N«(CH»)«Cy«.     (See  Methtlaminbs.) 

CTAVOOSV,  CN  (or  CN)  «  Cy. — Thia  body,  which  exists,  or  may  be  supposed 
to  exist,  in  a  ^at  number  of  compounds,  the  cyanides,  cyanates,  cyanurates,  &c.,  was 
first  obtained  m  the  free  state  by  Gay-Lussae  in  1816,  and  afforded  the  first  instance 
of  the  isolation  of  a  compound  radicl&  Many  of  its  compounds  had  been  known  long 
before,  pmasian  blue  having  been  discovered  b^  Diesbach  and  Dippel  in  1704,  feno- 
cyanide  of  potassium  by  Macquer  about  the  middle  of  the  eighteenth  oentuiy,  and 
pmssic  add  by  Scheele  in  1782.  The  name  cyanogen  is  derived  from  kvomos  (blue) 
andTvr. 

The  modes  of  formation  of  cyanogen-compounds  have  already  been  mentioned 
(p.  198).  Cyanogen  is  obtained  in  the  free  state  by  the  action  of  heat  on  the  cyanides 
m  mercury,  silver,  and  gold,  or  by  the  dry  distillation  of  ox^mide,  C*H*NK)',  or  oxa- 
late of  ammonium,  C*(NH*)'0*,  differing,  in  fact,  from  the  former  of  these  bodies  only 
by  2H*0,  and  from  the  latter  by  4H«0 : 

C«H*N'0«  -  2HK)  -  C«N«;  and  C\VR*)'0*  -  4H«0  -  C»N«. 

Preparation, — ^Diy  cyanide  of  mercury  ia  heated  to  low  redness  in  a  glass  tube  or 
small  retort,  and  the  cyanogen,  which  is  evolved  as  gas,  is  collected  over  mercuiy.  The 
mercuiy  separated  from  the  cyanogen  volatilises  and  condenses  in  the  colder  part  of  the 
apparatua.  A  small  portion  of  the  cyanogen  is  converted  into  the  isomeric  compound 
paracyanoafn  (q.  «.),  and  remains  in  the  form  of  a  brown  loosely  coherent  mass.  If 
the  cyanide  of  mercury  is  moist,  a  large  portion  of  the  cyanogen  is  decomposed,  with 
formation  of  ammonia,  carbonic  acid,  and  hydrocyanic  add. 

The  gas  may  likewise  be  obtained  by  heating  in  a  retort  an  intimate  mixture  of 
2  pts.  (1  at.)  of  perfectly  dried  ferrocyanide  of  potassium,  K*Fe*Cy«,  and  3  pts.  (2  at.) 
of  mercuric  chloride : 

K*Fe«Cy*  +  2H^CP  -  iKCl  +  2FeCy  +  Hg«  +  Cy* . 

C3ranogen  is  then  evolved,  mixed  with  vapour  of  mercuiy,  and  there  remains  a  dark- 
coloured  mixture  of  chloride  of  potassium  and  cyanide  of  iron.  (Kemp,  Phil.  Mag. 
LS]xxiL) 

Propertiei, — Cyanogen  is  a  oolonrlees  pas,  having  a  pungent  odour  very  much  like  that 
of  pmssie  add.  Its  dendty,  as  determined  by  experiment,  is  1*8064.  Hence,  as  the 
m<deenlar  weight  repres^ted  by  the  formula  CN  is  26  x  0*0693  »  1*802,  it  follows 
ths^  if  the  molecule  of  ^anogren  occupies  2  volumes,  like  that  of  compound  gases  in 
general,  it  most  be  represented  by  the  formula  C^*  —  Cy'. 

Cyanogen  condenses  to  a  Uomd  under  a  pressure  of  about  four  atmospheres  at  mean 
temperatures  (EL  Davy  and  Faraday,  PhiL  Trans.  1823,  p.  196),  or  by  eaqposure  to 
a  temperature  of  —86^  or  -40^CL  uncfer  the  ordinary  atmospheric  pressure  (Bun sen, 
Pogg.  Ann.  xlvi  101).  A  convenient  mode  of  preparing  liquid  cyanogen  is  to  heat 
cyanide  of  mercuiy  in  the  longer  arm  of  a  strong  tube,  bent  and  sealed ;  the  cyno- 
gn  then  condenses  in  the  riiorter  arm,  which  should  be  kept  cold. 

Liquid  cyanogen  is  transparent,  colouriess,  and  very  mobile  (H.  Davy  and  Faraday). 
Spedfle  gravis  ^t  17'2®-0*866  (Faraday).  Refracting  power -1-316  (Brewster). 
It  does  not  condQCt  the  eleetridty  generated  by  a  battery  of  800  pairs.    (Kemp.) 

lipoid  cyanogen  freeaes  at  a  few  degrees  below  -30o  C,  forming  a  radiated  icy 

t2 


276 


CYANOGEN. 


m^iaa  (Bun  a  en).     Froccn  cjiinogeii  ifs  transparent,  erjstallinfl,  Apparently  of  tbe  same 
deniity  ua  the  liquid,  and  mdtA  at  —  S4-4^.     (Fa  raday,  N.  BibL  Univ.  lix.  162)  : 

Ihtshn  of  Cyanogen  e^epreued  m  Atmospherea, 


According  to  Famdaj, 


According  to  Btuuen. 
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According  to  Niomatin^  tlie  tension  at  12*6  is  eqmk  to  4  attnoepbe 

A  mixture  of  equal  parta  of  solid  and  Uquid  cyanogen  (tlipppforo  at  —34*4*  C.)  dcj«a 
not  ext*rt  a  tensioti  eqtml  to  the  atmosplieric  preasTire.  When  cyanogen  6Taponite8 
into  the  air,  an  efftMrt  which  takes  place  quietly  on  opening  the  containing  vcaael,  the 
remai  ni  ng  port  ion  does  not  fk^eso.     (Faraday.) 

Decompo.iitions.—l.  Cyanogen  gaa  is  not  decompofi4?d  by  paasing  through  a  red-hot 
tube— 2.  When  tkefric  sparks  are  repeatedlj  passed  thrSugh  tho  ras,  cluuneoal  is  de- 
posited^ and  a  rolume  of  oitrogen  set  fre«  equal  to  that  of  the  gas;.  By  the  electric  are, 
this  decompoBition  is  eflFected  in  fifteen  minutes  ut  a  temperature  of  30^  to  40*^  C,  If  the 
gaa  is  moist,  carbouic  acid,  carbonic  oxide,  and  hydrogen  are  produced.^ 3,  When  set 
on  fire  in  the  a»r,  it  buma  with  a  peach- blossom -eoloarcd  fiame,  prodiicing  carbonic 
anhydride  imd  nitrogen. — 4.  Cyanngt^n  mixed  with  pxcm?ss  of  oxifffen  and  set  on  fire  by 
the  electric  sparky  explodes  violently^  1  voL  cyanogen  consuming  2  toL  oxygen,  smd 
forming  2  vol  carbanic  anhydride  and  I  toI.  nitrogen,  so  that  the  volamo  uf  the  gaa 
remains  unaltered-  The  combustion  of  a  Tuixturo  of  cyanogen  aad  oxygen  is  likewise 
induc'fd  by  hot  spongy  pkbtiouiii  (Wohler).-  6,  Chlnrine  doea  not  act  oo  cyanogen, 
even  in  Hunshiuo,  if  bom  gases  are  perfe<'tly  dry ;  but  if  moisture  is  present,  an  oily 
body  ia  formed^  oft'pn  mixed  with  a  solid  HubHtancc  having  an  aromatic  odour^  and 
sparingly  soluble  in  alcohol  and  ether. — 6.  Hffjxxhiorous  anhydride  slowly  decomposea 
cyanogen,  forming  earl)omc  anhydride,  chlorine,  nitrogen^  and  gaseous  chloriae  of 
cyanogen.  Aqueous  ht/pocM^/rous  add  in  contact  with  cyanogen  gives  off  tho  eame 
fburgaseo,  with  cfierrt^scence,  the  liqmd  afterweLirdji  oontaining  hydrochloric  and  cyanic 
adds,  and  being  covered  with  an  oily  mixture  of  chloride  of  cyano^n  and  chloride 
0f  nitrogeij  (Balard). — 7-  Cyanogen  in  contact  with  maf^ontc  sii^Aa<«,  is  resolved 
into  carbonic  anhydride  and  nitrogen  (Berxelius). — 8,  When  cyanogen  is  passed 
over  red-hot  metallic  irmi,  the  metal  takes  up  carbon  and  becomes  brittle,  a  coating  of 
carbon  is  deposited  upon  it^  and  nitrogen  is  set  free. 

TJjie  solution  of  cyanogen  in  water ^  alixhof,  or  ethrr  assumes  a  brown  colour  after  a 
while^  and  deposits  a  dark  bromn  powder  called  ozulmic  scid  (i,  480),  which,  accord- 
ing t<i  Pelouze  and  Richardson  (Ann.  Ch.  Pharm.  xxvi.  63),  has  the  composition 
C*N*n*0*,  that  is  to  say,  cyanogen  together  with  the  elements  of  water.  The  aqueous 
solution  then  contains  cyanide,  carbonate,  and  oxalate  of  ammonium,  together  with 
urea  (Wo h  1  er,  Fogg.  Ann.  xt.  €27).  One  part  of  the  cyanogen  takes  np  the  elements 
of  water  and  forms  oxalate  of  ammonium : 

2CN  +  4H*0  ^  C*(NH*)»0*; 

whila^  another  portion  is  in  like  manner  converted  into  cyanic  and  hydrocyanic  acids : 

2CN  +  H=0  *  CNHO  +  CNH. 

The  cyanic  acid  is  immediately  resolved  into  carbonic  acid  and  nmmonin  (p.  19I\ 
which  latter  unites  with  another  portion  of  the  cyiinic  acid,  forming  urea  ( pw  1V3). 
This  transformation  of  cyanogen  is  prevent e<l  by  the  presence  of  ncids.  If  the  wiiter 
oontains  aidthydft  even  in  flmall  quantity  on ly^  the  cvanogcn  is  converted  into  oxamide 
(C«N«  +  2HK))  without  formation  of  a  brown  deposit.     (Liebig.) 

Cyanogen  is  absorbisl  by  potask'Soluiiem^  also  by  red-hot  carbonate  ofp^ta^um^ 
forming  cyanide  and  cyanate  of  potassium,  the  Litter  being  quickly  resolved  in  thw 
solution  into  ammonin  and  carbonate  of  pM>tasaittm.  Cyanogen  io  abundantly  absorl«»d 
by  ammonia,  the  solution  soon  turning  brown  and  yielding  the  same  products  that  are 
formed  in  the  decomposition  of  cyanogen  by  water. 

CombinationM,  -—  Cyanogen  combines  dirt^ctly  with  poiastinm  under  the  influence  of 
heat.  It  also  unites  directly  with  suipkydric  acid  yttg,  in  presence  of  water,  and  with 
certain  organic  bases,  ss  phmylamine,  bmsyiamitu.codrinf,  &c.  The  bromide^  chloride 
and  iodide  of  t^yanogen,  are  formed  by  decomposing  cyanidesi  with  f/romine,  ckhrim,  or 
iodine  The  modea  of  formation  of  other  cyanoueu -compounds  have  alxeadj  been 
given  (p.  198). 
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OF,  or  Cyanate  of  Acetyl,  C»H»NO»  -  ^'^nI  ^»  °^ 
Carbacetamide  ^]  qi^zq'  (Schiifzenbepgep,  Ann.  Ch.  Phann.  cxxiii  271.) — ^When 

cjanate  of  ailver  is  treated  with  chloride  of  acetyl  in  a  cooled  vessel,  a  dry  pulverulent 
mass  is  formed  containing  acetate  of  cyanogen.  On  heating  this  mass  to  about  100^ 
C,  carbonic  anhydcide  is  evolved,  and  a  colourless  very  pungent  liquid  distillate  passes 
over,  boiling  at  80°  to  85°,  and  at  higher  temperatures  an  oily  liquid,  which  solidifies 
to  a  mass  of  white  needles. 

The  volatile  liquid  is  a  mixture  of  liquid  acetate  of  cyanogen  with  cyanide  of 
methyl,  resulting  from  a  decomposition  of  the  former  (C«H*NO*  =  C0«  +  C^H^NJ. 
Water  decomposes  it,  yielding  carbonic  anhydride  and  acetamide ;  a  reaction  which 
seems  to  indicate  that  the  compound  is  really  carbacetamide : 

The  white  crystalline  mass  exhibits  the  composition  of  diacetamide,  the  formation 
of  which  is  attributed  by  Schiitzenberger  to  the  action  of  the  acetate  of  cyanogen  on 
acetic  acid  resulting  from  a  secondaiy  decomposition : 

When  acetate  of  silver  is  heated  with  iodide  of  cyanogen,  iodide  of  silver  is  formed 
together  with  an  explosive  compound.  (Schiitzenberger,  Ann.  Ch.  Pharm.  cxx. 
118). 

CTAVOOBVf  BBirZOATB  07 1  When  the  product  obtained  by  the  action 
of  chloride  of  benzoyl  on  cyanate  of  silver  or  cyanate  of  lead  is  heated,  carbonic  anhv- 
dride  is  evolved,  and  cyanide  of  phenyl  passes  over,  produced,  apparently  by  the 
decomposition  of  benzoate  of  cyanogen;  C'H^CN)^  =  C0«  +  (7H>N.  (Schiitzen- 
berger.) 

CTAVOOBV,  BBOMZBB  OV.  CNBr  =  CyBr.  Discovered  and  examined  by 
Serullas  in  1827  (Ann.  Ch.  Phys.  [2]  xxxiv.  100;  xxxv.  294,  316),  further  ex- 
amined by  Lowig  {Das  Brom  una  seine  chemischen  Verhdltnisse^  Heidelberg,  1829, 
p.  69).  It  is  produced  by  the  action  of  bromine  on  cyanide  of  mercury,  cyanide  of 
potassium,  or  aqueous  hydrocyanic  acid. 

Prfparation,  —  1.  When  1  pt.  of  bromine  is  poured  upon  2  pts.  of  cyanide  of  mercury 
contained  in  a  tubulated  retort  or  glass  tube  closed  at  the  bottom  and  surrounded 
with  ice,  bromide  of  mercury  and  bromide  of  cyanogen  are  formed,  with  great  evolution 
of  beat  The  bromide  of  cyanogen  sublimes  in  needles,  contaminated  at  first  with 
bromine,  but  ultimately  the  bromine  flows  back  and  enters  completely  into  com- 
bination. Gentle  heat  is  then  applied,  and  the  bromide  of  cyanogen  sublimed  into  a 
receiver  connected  with  the  retort  and  surrounded  with  ice  (Serullas). — 2.  Aqueous 
hydrocyanic  add  is  placed  in  a  vessel  surrounded  with  a  frigorific  mixture,  and  bromine 
added  —  in  very  small  portions  to  prevent  the  temperature  from  rising  too  high  —  till 
the  solution  begins  to  assume  a  reddish  tinge ;  the  liquid,  which  is  in  process  of  solidi- 
fication from  the  acicular  crystallisation  of  the  bromide  of  cyanogen,  is  then  either 
expressed  between  blotting  paper  at  a  temperature  below  Q^  C,  or  it  is  gentl^^heated 
to  drive  off  the  bromide  of  cyanogen  in  vapour,  aqueous  hydrobromic  acid  then 
remaining  behind  (Lowig). — 3.  Bromine  and  water  are  placed  in  a  tube  kept  very  cold, 
and  cyamde  of  mercury  and  hydrochloric  acid  added  till  the  red  colour  disappears ;  the 
open  end  of  the  tnbe  is  then  drawn  out  to  a  narrow  neck,  which  is  sealed  up,  and  the 
lower  part  of  the  tube  is  immersed  in  warm  water,  so  that  the  bromide  of  cyanogen 
may  sublime  into  the  upper  part  (Mitscherlich,  Lehrbuch  der  Chemie). — 4.  When 
bromine  is  added  to  an  aqueous  solution  of  cyanide  of  potassium  cooled  to  0^  C, 
oystals  of  bromide  of  cyanogen  immediately  separate.  When  the  reaction  is  complete, 
these  crystals  may  be  separated  from  the  solution  of  bromide  of  potassium  by  heating 
the  liqnid  to  60—66°  C.     (Langlois,  Ann.  Ch.  Phys.  [3J  Ixi.  482.) 

JFVvw^^^.— Bromide  of  cyanogen  sublimes,  at  the  first  moment  of  its  formation,  in 
kmg  delicate  needles,  which  afterwards  change  to  small  tninsparent  and  colourless 
cubes  (Serullas).  —  It  melts  at  +  4®C.  (Lowig),  above  +  16<>  (Serullas),  not 
even  at  40°  (Bineau).  Vapour-density  =  3*607  (Bineau,  Ann.  Ch.  Phys.  [2]  Ixviil 
425),  by  calculation  (2  vols.)  =  3-6746.  Its  boiling  point  is  lower  than  that  of  iodide 
of  cyanogen,  and  it  volatilises  even  at  16° C.  (Serullas).  Its  vapour  has  a  very 
pungent  odour;  it  excites  a  copious  fiow  of  tears,  and  is  dangerous  to  inhale 
(Serullas);  its  taste  is  extremely  biting  (Lowig).  One  grain  dissolved  in  water 
and  poured  into  the  oesophagusof  a  rabbit,  kiUs  it  instantly  (Serullas).  It  imm^diatelj 
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dAQoloiiscs  Htmuji  and  turmmc  paper,  rmd  doos  not  redden  litjQua  eveii  wEien  di0&olri>d 
in  water  (Lowig).  It  is  very  soluble  in  water  and  iUcohoi^  uDd  fanns  a  crys(:allij:ie 
bydratc  which  in  loss  fu&iblo  timn  the  anhjtlroujs  compoaod. 

Deeompcmtio^ns^ — 1.  Aqueous  jsulpkitrous  acid  forma  with  bromide  of  cyanogen: 
Bulphmic,  hydrobromic,  and  hydrocyanic  &cid& — 2*  Aqtieona  potagh  furms  cyanidi*, 
bromide',  and  bromato  of  potassium  (8orullae,  Lowig)*  On  adding  to  a  aatumteti 
floltitioD  of  bromide  of  <7yanogon,  iirBt  potash  and  then  an  acid^  carbonic  anhydride  i^ 
OTolTed^  and  the  liquid  ia  afterwards  found  to  contain  ammonia  (Sornllaii). — 3.  Tbo 
aqueous  solution  mixo4  first  wiih/erroit^  auiphaie,  then  with  potash*  and  then  with  an 
aeid,  yields  a  green  precipitate  (Serullas) ;  but  if  the  potash  be  added  flrat^  then  Ibe 
femms  sulphate,  and  then  the  aetd,  no  precipitate  ia  obtained  (8eru]laa)« — 4.  Thfl 
aqneona  solution  of  bromide  of  cyanogen,  slowly  eraporated  to  dryness,  leavefl  bydro- 
bromate  of  ammonia  (Lowig).  In  this  case  carbonic  anhydrido  should  also  be  pro- 
duced: CNBr  +  2H*0  ^  C0*+  KH*Br.--6,  Bromide  of  cyanogen  gently  heated 
«ith  phogpharus,  eTApoT&te&  for  the  most  put  undecomposed ;  neTerthelesa,  a  small 
quantity  of  bromide  of  phosphorus  is  formed.  Antimony,  heated  in  vapour  of  bromide 
of  cyauo0en«  yields  cranogen  gas  aod  bromide  of  antimony.  Mercury  decomposes  the 
saturated  aqueooB  soltition,  yielding  cyainogen  and  bromide  of  mercury.     (Lo  wig.) 

Bromide  ot  cyanogen  diiraolTes  without  decomposition  in  strong  suiphuric,  hydro- 
fhioric,  and  nitric  add^.  It  absorbs  ammonia-gas,  forming  a  mixture  of  bromide  of 
ammonium  and  cyanamide  (p.  188),  which  waa  regarded  by  Bineau  as  an  ammonio- 
bromide  of  cyaBogen. 

OTAJirCISBW,  CS^OSXHSS  0I*»  Three  chlorides  of  cyanogen  are  known, 
ifiomcfic  with  Dach  ottierp  and  having  molecnlar  weights  in  the  proportion  of  1:2:3. 
The  flrst  is  gaaeoua  at  ordinary  tempera turea,  the  second  liquid,  and  the  third  a  crys- 
taHine  solid. 

Gas  tout  Chloride  of  Cyanogen,  CNCI  =  ChrCl— This  compound  waa  first 
obaeired  by  Bert  hoi  let  (Ann.  Chim.  L  35),  who,  howerer,  regarded  it  as  oxidisml 
pruaaic  acid.  Gay-LuBsac  (Ann.  Cbim.  xc.  20D)  aacertainod  its  tme  nature  and 
examined  it  more  fully; and  it  has  been  further  ioTestlgated  by  Serullas  (Ann.  Ck 
Phys.  [2]  XXXV.  291,  337;  Pogg*  Ann.  xxL  496),  Wdhler  (Ann,  Ch.  Pbarm.  Ixxiii. 
219),  Cab  ours  and  Cloea  (tw2.  xe.  97),  CIoce  {ihid.  cii.  354),  Klein  {ibid,  Ixiiv. 
85),  Martiufl  {ibid.  cix.  79),  and  Langlois  (Ann.  Ch.  Pbp.  [3]  JxL  481). 

Gaseous  chloride  of  cyaaogen  is  obfjiini^d  by  passing  chlorine  into  aqueous  pmaaic 
acitl,  or  by  learing  moist  cyanide  of  mercury  in  contact  with  chlorine  in  a  dark  place. 
The  former  was  the  method  hy  which  Giij-Lussac  obtainc<l  the  gas,  mixed,  howcTer, 
with  Gurbonic  add  j  the  latter  method  is  now  always  adopted  for  preparing  the  gas  in 
the  pnre  state. 

Pr««irfljfic>n. ^Cyanide  of  mercury  moistened  with  water,  but  not  dissolved  in  it«  is 
introductjd  into  bottles  of  a  capacity  not  exceeding  3  litres,  weU  doeed  with  ghus 
stoppers,  and  filled  with  cldorine  ga»,  the  propfirtiou  of  cyanide  of  mercnry  being  i^ut 
5  grammes  to  each  litre  of  chlonne  \  the  bottles  are  left  for  24  hours  in  the  du*k,  till 
in  iiei  the  chlorine  has  lost  its  yellow  colour;  then  cooled  by  immersion  in  a  mixture 
of  ice  and  salt,  producing  a  t4?mper!itiire  at  least  as  low  as  —18^  C,  till  the  gaseous 
chloride  of  cyanogen  solidifiea  in  crystals.  lOO  grammes  of  water  are  then  pouied  into 
each  bottle ;  the  resulting  Bolutiou  is  poured  from  all  the  bottles  into  a  long^necked  flask, 
which  it  must  nearly  fill ;  and  tliis  flask  is  connected  by  a  bent  tube  with  a  two-moul  bed 
bottle  coutaiuing  chloride  of  ailcmm,.  so  that  the  gaseous  chloride  of  cyanogen  may 
pass  fipom  its  second  mouth  through  a  second  bent  tube  into  a  bottle  surrounded  with 
a  freezing  mixture.  If  now  the  aqueous  solution  in  the  flask  be  warmed,  the  chloride 
of  cyanogen  collects  ia  the  crystalline  form  in  the  lost  bottle,  which  must  then  be 
closed  very  tight  with  a  glaiss  stopper.  At  ordinary  temperatures,  the  crystals  in  the 
bottle  melt,  and  are  conTcrted  into  gas.  If,  however,  a  small  quantity  of  water  be 
introdoced  into  the  bottle  while  it  is  immcjrsed  in  the  freezing  mixture^  and  it  be  then 
taken  out,  still  well  closed,  two  layers  ore  found  in  it,  the  upper  of  which  is  an  aqueous 
solution  of  chloride  of  cyanogen,  and  the  lower  probably  a  hydrate  of  that  compound 
(Serullas).  If  the  Tcseels  are  exposed  to  light,  or  if  the  temperature  ia  allowed  lo 
rise  to  between  30°  and  40°  C*,  the  chloride  of  cyanogen  ia  decomposcd. 

Wohler  passes  chlorine  into  a  aatcirated  solution  of  cyanide  of  mercury  to  whiiih  an 
exoeas  of  the  salt  in  fine  powder  has  been  added,  continuing  the  pa.*«jia^e  of  \hi*  gaa  till 
the  solution  is  completely  saturated,  and  the  uppLT  part  of  the  vessel  tilled  with  the 
gas.  The  vessel  m  then  closed  and  left  in  the  dark,  tiU,  nft^r  repeated  agitation,  tlje 
whole  of  the  cliloriuo  is  absorbed,  or  the  whole  of  the  cyanide  of  mercury  dissoked. 
To  remove  any  remaining  excess  of  chlorine,  the  solution  is  shaken  up  with  mercurj". 
It  is  then  hew  ted  in  a  flaak,  which  ia  connected  with  a  chloride  of  calcium  tube  aiiil  n 
eonilnctiiig  tube,  and  \he  gaseous  chloride  of  cyanogen  is  condense<l  as  in  the  process 
biyt  descrilied. 
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Cahoiirs  and  Qoez  saturate  100  grm.  cyanide  of  mercoiy  and  4  litres  of  water,  con- 
tained in  a  ilask  capable  of  holding  6  litres,  with  chlorine  gas  at  0^  C.  Hydrate  of 
chlorine  is  then  formed,  which,  in  the  course  of  24  hoars,  is  completely  transformed, 
by  the  cyanide  of  mercunr,  into  chloride  of  mercury  and  chloride  of  cyanogen,  the 
latier  remaining  dissolyed.  The  solution  is  slightly  heated,  and  the  gas  thereby 
erolved,  which  generally  contains  a  little  free  chlorine,  is  passed  first  over  copper- 
turnings,  and  then  over  chloride  of  calcium. 

According  to  Langloia,  gaseous  chloride  of  cyanogen  is  produced  by  the  action  of 
dilorine  on  a  solution  of  cyanide  of  potassium  cooled  to  0^  C,  and  is  given  off  as  gas, 
partly  at  that  temperature,  partly  when  the  action  is  ended,  and  the  solution  is  heated 
to  40°  or  50°  C.  If  the  solution  of  cyanide  of  potassium  is  not  cooled,  its  temperature 
easily  rises  to  80°  or  90°  C,  apd  then  other  products  are  forraed- 

The  extremely  poisonous  action  of  the  gaseous  chloride  of  cyanogen  renders  it  neces- 
taiT,  in  all  these  processes,  to  take  the  greatest  care  to  prevent  its  escape  into  the  air 
and  consequent  inhalation.  For  this  reason,  a  freezing  mixture  made  with  chloride  of 
calcium  is  preferable  to  the  ordinary  mixture  of  ice  and  salt. 

Properties. — Chloride  of  cyanogen  is,  at  ordinary  temperatures,  a  colourless  poisonous 
gas,  haying  an  intolerable  odour,  and  exciting  a  copious  flow  of  tears.  Its  specific 
gravity  is  2124  (by  calculation  for  2  voL,  21 28).  At  —12°  to  —15°  C,  or  at  0°  C. 
imder  a  pressure  of  four  atmospheres,  it  condenses  to  a  colourless  liquid,  which  may  be 
preserved  in  sealed  tubes.  At  — 18°  C.  it  crystallises  in  long  transparent  prisms.  The 
ns,  when  kept  in  sealed  tabes,  is  gradually  converted  into  solid  chloride  of  cyanogen. 

Water  at  20°  C.  dissolves  25  times  its  volume  of  gaseous  chloride  of  cyanogen,  ether 
60  timcB,  alcohol  100  times.  When  a  small  quantity  of  water  is  introduced  into  a 
bottle  containing  chloride  of  cyanogen  and  standing  in  a  freezing  mixture,  two  layers 
of  liquid  are  formed,  the  upper  consisting  of  an  aqueous  solution  of  chloride  of  cyanogen, 
the  lower  probably  of  a  hydrate  of  that  compound.  The  solutions  of  chloride  of  cya- 
nogen, if  nee  fiwm  hydrochloric  acid,  neither  redden  litmus  nor  precipitate  solution  of 
nitrat«  of  silver.     The  aqueous  solution  appears  to  undergo  gradual  decomposition. 

PifiOMnum  heated  in  gaseous  chloride  of  cyanogen  forms  chloride  and  cyanide  of 

r^tassium.    Antimony  heated  in  the  gas  forms  chloride  of  antimony  and  liberates 
voL  cyanogen.    With  alkalis,  chloride  of  cyanogen  forms  a  chloride  and  a  cyanate : 

Cya  +  K*0  «  KCi  +  CyKO. 

When  the  aqueous  solution  of  chloride  of  cyanogen  is  mixed,  first  with  ferrous  sul- 
phate^ then  with  potash,  and  then  with  an  acid,  a  green  precipitate  is  formed ;  but  if 
the  potash  is  added  first,  then  the  ferrous  sulphate,  and  then  the  acid,  no  precipitation 
takes  place.     (Gay-Lussac,  Serullas.) 

Chloride  of  cyanogen  mixed  with  ammonia-gas  forms  a  mixture  of  sal-ammoniac  and 
cyanamide  (mistaken  by  Bineau  for  ammonio-chloride  of  cyanogen,  p.  188).  It  acts 
in  a  similar  manner  on  other  volatile  bases ;  with  ethylamine,  for  example,  it  forms 
eyanethylamide.  The  alcoholic  solution  of  chloride  of  cyanogen  changes  after  some 
days  into  a  mixture  of  hydrochloric  acid  or  chloride  of  ammonium  with  car- 
bonate and  carbamate  of  ethvL  Similar  products  are  obtained  with  methylic  and 
amylic  alcohols  (Wurtz).  With  a  solution  of  ethylate  of  sodium  in  absolute  alcohol, 
chloride  of  cyanogen  forms  chloride  of  sodium  and  cyanetholine  (p.  189). 

Chloride  of  cyanogen  unites  in  definite  proportions  with  certain  other  chlorides. 

Chloride  of  Cyanogen  and  Antimony,  SbCP.CyCL — When  gaseous  chloride  of  cya- 
nogen is  paired  over  pentachloride  of  antimony,  the  latter  becomes  slightly  heated, 
tuAnd,  and  gradually  filled  with  delicate  crystals.  After  saturation  the  compound 
forms  a  white  ciystalline  mass.  When  heated,  only  a  portion  of  it  sublimes  undecom- 
posed,  the  greater  part  giving  up  its  chloride  of  cyanogen.  ^  "Water  decomposes  it 
instantly.  It  absorbs  ammonia,  with  rise  of  t^'mperature,  rorming  a  yellow  pulverulent 
body.     (L.  Klein,  Ann.  Ch.  Pharm.  Ixxiv.  87.) 

Chloride  of  Cyanogen  and  Boron,  BCl*.CyCl. — Liquid  chloride  of  boron  absorbs  dry 
chloride  of  cyanogen,  with  great  evolution  of  heat,  and  forms  a  white  loose  crystalline 
mass.  If  the  saturation  is  not  qnit-^  complete,  the  compound  separates  gradually  in 
small  colourless  prisms.  It  smells  of  chloride  of  cyanogen,  fumes  in  damp  air.  and  is 
decomposed  by  water,  with  rise  of  temperature,  into  boric  %cid,  hydrochloric  acid,  and 
gaseous  chloride  of  cyanogen.  It  acts  in  like  manner  on  absolute  alcohol.  It  sub- 
times  with  partial  decomposition  when  strongly  heated,  leaving  a  white  substance. 
(Martins.) 

Chloride  of  Cyanogen  and  Iron,  FeKl'.CyCl. — Sublimed  sesquichloride  of  iron 
absorbs  gaseoiiB  chloride  of  cyanogen,  with  evolution  of  heat^  fusing  with  it  into  a  black 
mass;  the  componnd  was  not,  however,  obtained  in  a  complete  state  of  saturation. 
When  heated  it  fuses,  swells  up,  and  gives  off  gaseous  chloride  of  cyanogen ;  it  is  ro- 
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DiarkHbks  howexcT^  that  tliis  decompofiitiOQ  likewise  yields  solid  chloride  of  cyanogen 
eubUmed  iu  cryetals.     (Klein.) 

Chloride  of  Cyanogen  and  Tii^nium,  TiCl*,CyCL  — GtiHfloos  chloride  of  cyaiiogen 
acts  instantly,  and  with  great  evolution  of  h  cation  t^tracliloride  of  titunitutn,  converting 
it  into  a  bulky,  yt-llow^  crjfatailmo  nitiss,  which  must  be  shuJit^n  up  and  heated  gt^tly, 
in  order  thitt  it  may  ba  complet4?ly  Baturated  with  the  chloride  of  cyanogen, 

Ixemon -yellow,  very  volatOe ;  begins  to  volatilise  considej-ably  below  100'-*,  Babljmiiig 
in  clesu:  iemoD-yellow  crystal  which  appear  to  ho  rhombic  octahedrona.  It  fimiefl 
Tcry  strongly  in  damp  air,  qnickly  becoaiing  inilk-white,  and  axbaling  the  odjur  of 
chloride  of  cyanogen.  Water  dLssokes  it,  with  gi-eatrise  of  tomporatune  and  evolution 
of  chloride  of  cyanogen,  forming  a  dear  ftialntion.  It  dissolves  without  alterntion  in 
warm  tetrachloride  of  titanium,  st-parating  out  again  in  crj'stala  on  cooliug.  It  absorbs 
ammoniit,  with  i^at  rise  of  temperature,  forming  with  it  an  orangivred  compoiuid,  which 
alno  turns  white  in  moist  air,  and  is  decomposed  by  water,  with  partial  uopajation  of 
ti  tanic  auhy dri  de.     (  W  o  h  1  e  r. ) 

CMffTide  of  Cf/an/Hjcn  with  Ct/anule  of  Eikyl,  CyCLC'H*N.^ — Dry  gasc^^iu  chloride 
of  cyanoi^cn  is  rapidly  absorbed  by  cyanide  of  tthvl,  producing  a  colourless  liquid 
which  boihs  between  60°  and  68*^  C.^  and  exerts  an  mtenficly  irritating  action  on  the 
eyoB  and  the  icspiratoty  oiTgans.  It  is  decomposed,  with  riae  of  tomperaturc,  by  water, 
and  decomposes  spontaneously  when  left  for  sereral  days^  the  whole  of  the  chloride  of 
CTanogen  being  sepitrated  M  solid  chloride  of  cyanogen,  Cy*Cl*.  (Henke,  Ann.  Ch. 
Pharm.  cvi.  289),  [For  the  compound  of  chloride  of  cyanogen  with  cyanide  of  hydro- 
gen, sec  lielow.] 

2.  Lifuid  Chloride  of  Cyanogen,  C*N'C1*  =-  Cy'CP.— This  compound,  dis- 
oavcred  by  Wurta  (Ann.  Ch.  Fh&ncu  ixiv.  308;  Lodz.  280),  is  prepared  by  slowly 
pujising  chlorine  gas  into  hydrooyaziic  acid,  coaled  to  iP  C,  in  a  retort  connected  with 
a  cooled  receiver,  t&s  long  as  the  gas  oootlnuea  to  be  absorbed.  The  liquid  in  the  retort 
then  separates  into  two  layers,  then  lighter  consisting  of  hydrocyanate  of  chloride  of 
cyanogen,  Cy*Cl*.HCy,  part  of  which  is  generally  earned  over  into  the  receiver.  Prom 
this  compound  the  liquid  chlorido  of  cyanogen  may  bo  obtained,  by  mixing  it,  after 
separation  from  the  he^ivier  liquid,  with  ice-cold  water,  and  treating  it  with  m*^rcuric 
oxide,  which  dcc<:>iH poses  the  hydrocyiuiic  acid,  care  being  taken  to  cool  the  vessel  well, 
lis  otherwise  the  ratjrcnric  oxide  may  be  reduced.  Chloride  of  calcium  is  then  added, 
the  Hquid  distiUid^  and  the  vapour  passed  through  a  tube  containing  chloride  of 
calcium  into  a  flask  cooled  to  iP  C.  The  chloride  of  cyanogen  then  condenses  in  tho 
form  of  a  very  mobile  colourless  liquid,  haTing  an  extremely  pungent  and  exciting 
odour,  and  heavier  than  water,  in  which  it  is  slightly  soluble. 

Liquid  chloride  of  cyanogen  solidifies  in  the  crystalline  form  at  5°  or  6*^  C,  and 
boils  at  1&*6°C,  Its  vajjourisnotinfiainmable.  When  pure,  it  may  be  kept  for  years 
io  sealed  tubes  without  passing  into  the  state  of  solid  chloride  of  cyanogen.  If,  ou  thf 
oontrary,  chlorine  in  exct^s  bo  pass<:*d  iato  dilute  pnissic  acid,  and  the  liquid  which 
fieparutes  be  distilled  without  previous  washing  and  treatment  with  mercuric  oxide,  an 
impure  product  is  obtained  which  changes  int4>  solid  chloride  of  cyanogen  in  the  course 
of  twenty-four  hours.  The  same  transformation  t^ikes  place  also  in  twenty-four  boors, 
in  chloride  of  cyanogen  prepared  by  the  Kction  of  chlorine  on  dry  cyamdo  of  mercury ; 
after  wasliing,  however,  it  no  longer  exhibits  this  property.     (Wurt«,) 

Amiuonia-gaa  conTcrts  Uq^uid  chloride  of  cyanogen  into  cyanumide  and  sal-am- 
moniac. 

Ht/drocyanaie  of  Chloride  of  Cyanogen,  Cy'Cl'.HCy. — Obtained  by  the  action  Qf-i 
chlorine  on  aqueous  hydrocyanic  acid  in  the  manner  above  described-  It  is  »  cokrtir*4 
less  liquid,  smelling  strouf^ly  of  chloride  of  cyanogen,  iniammablei  and  burning  in  the  I 
air  witli  a  violet  flame,  It'boils  at  about  20*^  C,  and  solidifiee  perfectly  in  a  mixture  j 
of  ether  and  solid  carbonic  acid.  In  the  pure  t5tatc  it  may  be  kept  for  years  withouti 
colouring  or  depofliting  dystals.  It  is  perceptibly  soluble  in  water;  but  a  largaJ 
quantity  of  water  decomposes  it,  abstracting  the  hydrocyanic  acid.  In  an  atmo^pheraj 
of  chlorine  it  changes  in  al>out  twenty-four  hours  into  solid  chloride  of  cyanogen.  I 
Bromine  converts  it  into  a  semi-solid  mass,  which,  when  moderately  warmed,  gives  off'! 
bromide  of  cyanogen,  and  at  a  higher  tempeniturv  yields  solid  chloride  of  cyanrtgen*  f 
Mercuric  oxide  aV*stracts  the  hydrocyanic  acid,  and  converts  the  compound  into  liquid  j 
chloride  of  cyanogen.     (Wurtz,  ioe.  ciL) 

3.  Solid  Chloride  of  Cyanogen^  C*N"C1*  «  Cy*ClV— This  compound  was  dii^i 
covered  in  1827  by  Serullas  (Ann.  Ch.  Phys.  [2]  xxxv.  291,  337)»  who  regarded  ill 
as  a  bichloride  of  cyanogen ;  iti*  true  composition  was  demonstrated  by  Liebig  (Pogg,  I 
Ann.  xjc.  369  ;  xxxiv.  604).  It  is  produced  ;  L  By  the  spontimcous  transformation  of  J 
gaseous  chloride  of  cyanogen  and  of  tho  impure  liquid  cliloride.— 2.  By  the  action  all 
excess  of  chlorine  in  sunshine  on  anhydrous  pi'ussic  acid  or  on  moist  cyanide  of  mcrciuyi  ' 
by  which  reactions  it  wa**  indeed  fir^t obtained  by  SeniUas^ — 3.  By  heating  diy  aulpho* 
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cyanato  of  potassium  in  chlorine  gas  (Lie big). — 4.  By  the  action  of  pcntachloride 
of  phosphorus  on  dry  cyanuric  acid  (Beilstein,  Ann.  Ch.  Pharm.  cxvi  367)  : 

Cy«H«0»  +  3Pa*  =  CyKJP  +  3P0a»  +  3HC1. 

Preparation. — 1.  Chlorine  in  excess  is  passed  into  dilate  hydrocyanic  acid,  and  the 
liquid  which  separates  (p.  280)  is  distilled  without  previous  purification.  The  liquid 
chloride  of  cyanogen  whidi  passes  over  soon  changes  into  the  solid  modification 
(Wurtz).     This  is  one  of  the  easiest  modes  of  preparation. 

2.  A  bottle  of  1  litre  capacity  is  filled  with  dry  chlorine  gas ;  0*82  grm.  of  prussic  acid, 
prepared  by  Gay-Lussac's  method,  introduced  into  it ;  and  the  closed  bottle  exposed 
to  the  sun  for  one  to  three  days,  whereupon  the  hydrocyanic  acid  evaporates,  the 
chlorine  gas  is  decolorised,  and  a  transparent  colourless  liquid  formed,  which  runs 
down  the  sides  of  the  vessel,  and  soon  solidifies  in  white  crystals  of  solid  chloride  of 
cyanogen.  The  hydrochloric  acid  gas,  together  with  any  volatile  chloride  of  cyanogen 
that  may  be  present,  is  then  blown  out  of  the  bottle  with  a  pair  of  bellows  ;  a  small 
quantity  of  water  and  a  few  pieces  of  glass  are  introduced,  in  order  to  detach  the  crys- 
tallised solid  chloride  of  cyanogen  from  the  sides  of  the  vessel  by  agitation ;  the  whole 
is  poured  into  a  basin ;  the  pieces  of  glass  are  taken  out ;  the  solid  chloride  of  cyanogen 
is  comminuted  with  a  glass  rod,  and  repeatedly  washed  on  a  filter  with  a  small  quantity 
of  cold  water,  till  the  liquid  which  runs  away  no  longer  forms  a  cloud  with  nitrate  of 
silver  * ;  the  solid  chloride  of  cyanogen  is  pressed  between  bibidous  paper,  till  it  is 
converted  into  a  dry  white  powder ;  and  this  powder  is  purified  by  one  or  two  distil- 
lations from  a  small  retort,  whence  it  passes  m  the  form  of  a  transparent  colourless 
liquid  into  a  receiver  cooled  with  wet  linen,  and  there  solidifies.     (Serullas.) 

3.  When  dry  cyanogen  gas  is  passed  over  heated  sulphocyanate  of  potassium,  solid 
chloride  of  cyanogen  partly  sublimes  in  needles,  partly  aistils  over  dissolved  in  chloride 
of  sulphur.  The  needles  are  purified  from  adhering  chloride  of  sulphur  by  a  second 
sublimation  in  a  vessel  through  which  a  continuous  stream  of  chlorine  gas  is  passed. 
The  chloride  of  sulphur  which  passes  over,  leaves  when  evaporated  an  additiopal 
quantity  of  crystals  of  solid  chlonde  of  cyanogen,  togotlier  with  a  yellow  liquid  having 
a  high  boiling  points  From  this  residue,  the  chloride  of  cyanogen  is  separated  by 
sublimation  in  a  stream  of  chlorine  gas,  the  yellow  liquid  then  remaining  behind. 
(Liebig.) 

4.  Perfectly  dry  cyanuric  acid  is  well  mixed  i^ith  about  six  times  its  weight  of  pcn- 
tachloride of  phosphorus ;  the  mixture  is  distilled ;  the  distillate,  consisting  of  oxychlo- 
ride  of  phosphorus  holding  solid  chloride  of  cyanogen  in  solution,  is  treated  with 
water  to  decompose  the  oxychloride ;  and  the  solid  chloride  of  cyanogen  which  then 
separates  is  washed  with  water  and  crystallised  from  ether.  This  method  yields  a  per- 
fectly pure  product  To  ensure  success,  however,  the  quantity  of  cyanuric  acid  operated 
upon  must  be  somewhat  considerable.  The  decomposition  may  also  be  effected  in 
sealed  tubes  at  160° — 200*^  C. ;  but  this  method  is  less  convenient.     (Beilstein.) 

Properties. — Shining  white  needles  of  specific  gravity  about  1*320,  melting  at 
140°  C.  to  a  transMirent  colourless  liquid,  and  boiling  at  190°  (Serullas).  Va- 
pour-density 6*36  (Bineau,  Ann.  Ch.  Phys.  [2]  Ixviii.  424),  by  calculation  (2  vol.)  -■ 
6-385.  It  gives  out,  especially  when  heate<l,  a  pungent  odour  like  that  of  chlorine, 
but  at  the  same  time  strongly  resembling  that  of  mice,  and  excites  tears.  Its  taste 
is  weak,  bat  is  nevertheless  similar  to  the  odour.  One  grain  dissolved  in  alcohol 
and  introduced  into  the  alimentary  canal  of  a  rabbit,  kills  it  instantly.     (Serullas.^ 

Solid  chloride  of  cyanogen  dissolves  in  water  without  decomposition  at  first,  but  is 
afterwards  resolved  with  it,  slowly  at  ordinary  temperatures,  more  quickly  at  the  boil- 
ing beat,  and  instantly  in  presence  of  a  fixed  aUcali,  into  hydrochloric  and  cyanuric  adds 
(Serullas): 

C»N»C1>  +  3H«0  =  C«N»H>0«  +  SHQ. 

Similarly,  when  boiled  with  ammonia^  water^  and  alcohol^  it  yields  sal-ammoniac  and 
cyannric  acid ;  but  in  the  absence  of  alcohol,  chlorocyanamide  is  produced.  The  same 
compound  is  formed,  with  slight  evolution  of  heat,  when  dry  ammoniacal  gas  is  passed 
over  pulverised  chloride  of  cyanogen  (Liebig).  Solid  chlonde  of  cyanogen  mixed  with 
potassium  is  decompose<l,  with  evolution  of  light  and  heat,  yielding  chloride  and  cya- 
nide of  potassium  (Serullas).  It  dissolves  very  readily  in  alcohol  and  ether,  whence 
it  is  pivdpitated  by  water.  When  dissolved  in  absolute  alcohol  it  remains  unaltered ; 
bat  in  by  orated  alcohol,  it  is  converted  in  a  short,  time,  with  violent  evolution  of  heat, 
into  vapour  of  hydrochloric  acid,  and  cyanuric  acid,  which  settles  in  cubes  at  the  bottom 
of  the  liquid.     (Liebig.) 

*  This  wMh-vater,  which  contains  hTdrochloric  add,  rranuric  acid,  »nd  a  small  quantity  of  chloro* 
cyuik  oil,  nay  be  used  for  the  preparation  of  cyanuric  acid. 
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Oklofocffanic  Oil, — This  name  ia  given  to  an  oily  liquid  containing  cliloriiae, 
e&rbon^  and  nitrogen,  wkich  Is  produced  hy  the  action  of  clilorine  on  lunny  <5yanogen- 
compounds^  e.g.  on  cyanogen-gas  in  sunshine  (Gay-Lussae,  Aim.  Cbim,  ict.  200),  on 
iinhydrouii  hy^rocytimi!  acid  i  n  suDshine  ( D  ay  -  L  u  s  s  a  e,  S  v  r  u  1 1  ii  s,  A  n  a.  Ch.  I^hjs. 
[2]  3ULIV.  300),  on  the  strong  aqucouii  acid  (Gay-Lues a c)»  on  dry  cyanide  of  mereury 
in  licunshine.     (Gay-Luasac.) 

Prrparatkm. — A  concentrated  aqueous  solution  of  5  grms*  cyanide  of  mcTCnuy  is 
poured  into  a  bottle  of  1  litre  capsicity,  fiiled  with  chlorine  gaa  and  exposed  to  the  sun : 
ID  an  bour  or  two,  dro^  of  oil  are  seen  rtmuin^  down  tho  aides,  and  in  four  hours,  if 
the  mmshine  is  strong,  tbe  action  w  complete.  In  diffiised  daylight,  the  dc^ompioBition 
goes  on  more  slowly  and  yields  less  oiL  The  oil  is  mechanically  eepomtod  from  the 
water  above  it — a  large  quantity  of  volatile  chloride  of  cyanogen  then  escaping — itnd 
drawn  up  into  tnhaa  under  water  (Serullas).  Bouia  (Ann.  Cb.  Pbys,  [3]  xx,  446) 
proceeds  in  the  same  maimer,  except  that  ho  proparea  a  solution  of  cyanide  of  mercury 
aatumted  a.t  the  IxiilinR  heat,  and  pours  it  while  ytill  hot  into  bottles  filled  with  chlorine* 
The  erystalfl  of  chloride  of  mercury  which  form  at  first,  soon  dissolve,  and  are  replaced 
by  elongated  erystaHa,  the  formation  of  which  appears,  however,  to  be  merely  accidental ; 
afterwards  the  oOy  drops  appear*  The  chlorine  must  be  repeatedly  renewedi  till  it  no 
longer  loftes  it  colour.  In  the  bright  sunshine  of  summer,  the  saturation  of  the  liquid 
with  chlorine  is  completed  in  two  hours  ;  in  winter  it  takes  two  or  three  weeks,  JFour 
parts  of  cyanido  of  mercury  yield  1  pt^  of  the  oil. 

Chlorocyanic  oil  is  a  y^dlow  liquid,  heavier  than  water ;  it  hag  a  voiy  caustic  taste 
(Bonis),  and  a  very  pungent  odotir,  like  that  of  cyanogen,  but  witli  a  peculiar  aro- 
matic character,  causing  a  copious  flow  of  tears  and  coughing.  It  is  not  nearly  so 
poisonoua  as  chloride  of  cyanogen,  a  tolerably  strong  dose  killing  rabbits  only  ^*r 
several  hours.  When  recently  prepared,  it  doea  not  redden  litmua  or  precipitate 
nitnit-e  of  silver  (Serul las).  Its  boiliog  point  la  at  least  aa  high  as  that  of  oil  of 
vitriol  (Liebig).  It  makes  grease-spots  on  paper,  which  ar©  dissipated  by  heatv  It 
ia  insoluble  in  water^  but  soluble  tn  alcohol  and  ether.  It  deoomrioses  gradually, 
whether  moist  or  dij,  depositing  crystals  of  trichloride  of  carbon,  C*Cl',  It  eiplodos 
when  heated.  Bonis  found  it  to  contaid  1 00  per  cent,  carbon,  8'4  nitrogen,  and  756 
fOilorine,  whence  he  deduces  the  formula  C*N^C1**.  Somllas  regards  it  as  a  mixture  of 
chloride  of  cyanogen  with  chloride  of  carbon  and  cldorido  of  nitrogen* 

The  oil,  when  moderately  heated,  boits,  gives  off  nitrogen  (mixetl  with  carbonic  an- 
hydride), and  yicJds  a  liquid  distillate  which  deposits  crystals  of  bntihloride  of  carbon. 
The  disttliate  is  colourless,  limpid,  heavier  than  watjsr;  has  a  strong  irritating  odour;  is 
insohible  in  water,  soluble  in  aicoliol,  more  soluble  in  ether;  boils  at  about  S5^  C,  the 
Yjoiling  point,  however,  gradually  rising.  Boulb  found  in  it  11*S — 12*4  per  cent,  car- 
bon, 4"il  to  in  nitrogen,  and  80  4 — 81  8  chlorine,  and  represents  it  by  the  formula 

When  the  cMorocyanic  oil  is  slightly  heated  with  nitric  actd,  the  mixture  giTcs  off 
torrents  of  gas,  which  often  blow  the  apparatus  to  pieces.  The  gases  consist  of  nitro- 
gen, carbonic  anhydride,  and  nitroTis  vapours,  mixed  with  a  yellowish  vapour  having  a 
very  powerftil  odour.  By  distillation,  crystals  of  triehloride  of  carbon  are  obtained, 
together  with  a  colourless,  vciy  volatile  liquid,  haviuR  an  odour  stiil  moro  irritating 
than  the  preceding  products.  Bouifl  found  it  to  contain  10-3  to  10  9  per  cent  carljon, 
8-2  to  7 "85  nitrogen,  and  76'&  to  76*7  chlorine,  numbeifl  which  he  represents  by  the 
formula  C'^^C1'*0>. 

In  connection  with  these  compounds,  we  may  describe  a  cryitalline  substimce,  which 
Sten  house  (Ann.  Ch.  Pharm.  xxxiii.  92)  obtained  by  the  action  of  dry  chlorine  on  an 
alcoholic  Bolntion  of  cyanitle  of  mercury,  or  of  hydrocyanic  acid. 

When  an  alcoholic  solution  of  cyanide  of  mercury,  cooled  by  coH  water,  is  satumti 
with  dry  chlorine  gas.  large  quantities  of  sal-ammoniac  are  produced  ;  the  musis  h 
comes  heated,  giving  off  carbonic  anhydride  with  efforvesccnce,  and  the  liquid  retain!  ] 
tt  peculiar  compound  together  with  mercuric  chloride.  The  solution  is  heatefl  with  j 
water,  which  dissolves  the  sal-ammoniac  and  the  chloride  of  TOcrcury,  and  dejxjiiits  the  J 
new  bo<ly  in  white  shining  ueiHllt*s,  If  liolling  water  is  used,  the  crystals  form  slowlyH 
and  are  of  larger  size.  Care  must  be  ta-kcn  not  to  lot  the  liquid  get  heated  during  tbe^l 
passage  of  the  chlorine,  ajid  to  stop  the  current  of  pas  ra  soon  na  sal-ammoniac  eeft 
to  bo  dejioaitcd.  otherwise  seeondarj^  producta  will  be  formed.  A  more  economic 
mode  of  preparation  is  to  pass  chlorine  slowly  into  a  strong  alcoholic  solution  of  hy- 
drocyanic acid  till  crystals  of  sal-ammoniac  make  their  appearance,  and  the  liquid 
gives  off c^irbonic  anhydride  with  effervescence. 

The  compound  epy>4tallifl€s  in  long,  colourless,  shining  ne«dle«,  much  like  sulphate 
of  quinine.     It  is  neutral,  ta?tclcs«,  inodorous,  and  mclt«  at  120'^  C.  with  partial  sub- 
limation.    It  dissolves  jiparin^dy  in  cold  water,  easily  in  alcohol  and  ether.     Potash" J 
lev  deeompoftetji  it,  onimauia  being  givec  off,  and  the  liquid  assuming  a  dark  bK)VI|j 
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oolour.  It  dissolves  in  hot  aqueous  ammonia,  and  separates  out  on  cooling.  Sulphnrie 
add  and  nitric  acid  likewise  dissolTe  it. 

This  substance  gives  bj  analysis  (mean)  35*4  per  cent,  carbon,  5*0  hydrogen,  10*35 
nitrogen,  and  26*0  chlorine,  whence  Stenhouse  deduces  the  formula  G^H'CLNO*. 
Laurent  supposes  it  to  contain  1  at.  hvdrogen  less,  and  represents  it  by  the  formula 
C^H'N.CIO',  supposing  it  to  be  formed  as  shown  by  the  equation : 

C*H«0  +  2CNH  +  H«0  +  a*  «  C^H*NC10«  +  NH<CL 

The  evolution  of  carbonic  anhydride  is  ascribed  to  a  secondary  reaction.  According 
to  Laurent's  formula,  the  body  might  be  resolved  into  oxalic  acid,  alcohol,  and  sal- 
ammoniac: 

C^H«aNO«  +  3H»0  -  C«H»0*  +  C'H«0  +  NH*CL 

CTAWOOmr,  BBTBCTXOV  and  B8TZMCATZOV  Or.  The  detection  of 
cyanogen  in  metallic  cyanides  which  give  off  prussic  acid  when  treated  with  dilute 
acids,  is  very  simple,  especially  when  only  the  alkali-metals  or  alkaline-earth-metals 
are  present.  The  liquid  is  first  rendered  strongly  alkaline  (if  not  so  already) ;  a  small 
quantity  of  a  ferroso-ferric  solution  is  added ;  and  the  mixture  is  warmed  for  a  short 
time  (to  favour  the  formation  of  yellow  pmssiate),  then  supersaturated  with  hydro- 
chloric acid.  Prussian  blue  is  then  formed  if  a  cyanide  is  preseut;  or  if  in  very  small 
quantity,  the  liquid  assumes  a  green  colour,  and  slowly  deposits  prussian  blue  on 
standing,  the  green  colour  of  the  liquid  changing  at  the  same  time  to  yellow.  (See 
also  Tests  fob  Htdboctantc  Acid,  p.  218.) 

To  detect  cyanogen  in  double  cyanides  which  do  not  give  off  prussic  acid  with  dilute 
acids,  they  must  first  be  fused  with  dry  carbonate  of  sodium,  the  mass  then  lixiviated 
with  water,  and  the  solution  tested  with  a  ferroso-ferric  salt  as  above. 

The  detection  of  cyanogen  in  its  other  compounds  is  more  difficult  The  cyanates, 
stdphocyanates,  and  cyanamides  are  not  easily  converted  into  cyanides ;  most  of  them, 
however,  exhibit  reactions  of  their  own,  by  which  they  may  be  easily  recoguised, 
e.  g.  cyanic  acid  by  splitting  up  with  water  into  ammonia  and  carbonic  add ;  sulpho- 
cyanic  add  by  the  blood-red  colour  which  it  produces  with  ferric  salts.  Chloride, 
bromide,  and  iodide  of  oranogen,  mixed  first  with  solution  of  ferrous  sulphate  and 
tiien  with  potash-ley,  yield  a  green  precipitate  after  acidulation  with  hydrochloric 
acid. 

From  the  cyanides  of  the  alcohol-radicles  and  organic  hases^  such  as  oyanophenyl- 
amine,  the  cyanogen  cannot  be  separated  as  such,  so  that  it  is  doubtful  whether  these 
compounds  actuaUy  contain  cyanogen.  On  treating  them  with  acids  or  alkalis,  am- 
monia is  separated,  and  the  carbon  of  the  cyanogen  is  left  in  combination  with  the 
remaining  carbon  of  the  organic  body,  e,  g. 


2(C«HT^.CN)  \-  2HC1  +  2H«0  =  C"H'^K)'  +  2NH*a. 

Cfiinide  of  Phenvloxa- 

phenylamine.  mide. 


.  CN.C*H»  +  KHO  +  H»0  =  CH^KO'  +  NH». 

Cyanide  of  Propionate  of 

ethyl.  potasiium. 

To  test  a  gas  for  cyanogen,  the  gas  is  shaken  up  with  potash-ley,  which  absorbs  the 
cyanogen,  forming  cyanide  and  cyanato  of  potassium ;  the  solution  may  then  be  tested 
with  a  ferroso-ferric  salt  as  above.  The  same  reaction  will  however  be  obtained  if 
the  gas  contains  hydrocyanic  add  instead  of  cyanogen  ;  but  in  that  case  no  cyanate 
of  potassium  will  be  formed.  The  potash-solution  must  therefore  be  further  tested 
for  cyanate  by  acididating  it  with  hydrochloric  acid,  and  heating  gently ;  the  c^'anic 
acid  will  then  be  resolved  into  carbonic  acid  and  ammonia,  which  latter  will  be  given 
off  on  supersaturating  with  potash.  Another  method  of  detecting  free  cyanogen  in 
presence  of  hydrocyanic  acid,  is  to  remove  the  latter  by  means  of  red  mercuric  oxide, 
which  does  not  absorb  the  cyanogen  at  all  if  dry,  and  only  very  slowly  if  it  is  moist. 
The  remaining  gas  may  then  be  tested  with  potash  as  above. 

The  quantitative  estimation  of  cyanogen  may  often  be  effected  by  loss,  that  is  to 
My,  by  determining  the  amount  of  the  body  (generally  a  metal)  united  with  the 
cyanogen.  To  determine  the  cyanogen  directly,  the  cyanogen-compound  is  generally- 
burnt  in  a  combustion-tube  with  oxide  of  copper,  and  the  carbon  determined  as  in 
organic  analysis.  100  pts.  by  weight  of  carbonic  anhydride,  CO',  are  equivalent  to 
69- 1  pta.  cyanogen,  CN. 

If  other  compounds  are  present  containing  carbon,  but  free  from  nitrogen,  the 
cyanogen   may  be  converted  into   ammonia  by  ignition  with  soda-lime,  and  the 
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ammouia  quantitadFely  determinwi,      100  pts.  aromonis  corrcspand  to  152  94  ptc 

In  cyanidoa  which  nro  soluble  in  -wateT  or  in  dilute  acids,  the  amount  of  cjanogpn 
mflv  generally  be  dct4>nnined  by  precipitation  with  tiitmle  of  Bilver  as  described  in  the 
aiticlo  CvANinfi  OF  HYnuooBN  (p,  219),  In  fromo  Cii»es,  however,  as  with  cyftnide  of 
merourjr  and  many  double  cyanides,  f.  g.  the  forro-  ftTrri-  and  eobalticyanides,  this 
method  is  not  directly  app]ic'4ible ;  such  compounds  must  be  treated  by  some  of  the 
methods  prenoualy  mentioned. 

The  amoniit  of  cyanogen  in  ct/anide  of  m^rcur^  may  bd  aeciirately  determined  by 
mixing  tbe  aqueoua  solution  of  the  aalt  with  caustic  piota.«jh  and  iiulphide  of  potasefium^ 
the  latter  in  Blight  excess  only,  and  adding  a  solution  of  zinc-ojcide  in  potash.  The 
cyanogen  may  then  be  precipitated  from  tbo  neutralised  filtrate  by  nitrate  of  silver, 
^Yhen  cyanide  of  mercury  is  decomposed  by  snlphydric  acid,  part  of  the  cyanogen  is 
eure  to  escape  as  hydrocyanic  acid.  Another  very  exjict  method  is  to  decompose  the 
mercuric  cyanide,  dissolved  in  more  than  25  to  30  pts.  water  in  jl  st-oppered  bottle  with 
cndmium  filings.  The  decompodtioD  is  complett*  in  Abont  36  houra,  and  the  cyanogen 
may  then  be  precipitate^  fn>m  the  solution  of  cyjinide  of  cadmium  by  nitrate  of  silver* 
(H.  Hose,  Zeitsch.  AnaL  Chem.  i.  283.) 

GTiLirooiiir,  lOBins  or-  CKI  =^  CyL  (H.  Davy,  Gilb.  Ann.  liv.  384. 
Wohlor,  ibid.  btix.  2B1.  SorulUs,  Ann.  Ch.  Phys.  [2]  xxvii.  184;  xxix.  184; 
xtxiv.  100  ;  XI3CV.  293,  344.  Van  Dy  k.  Report.  Pharm.  aid,  223. J  This  compound, 
discovered  by  Sir  H.  Davy  in  1816,  is  not  fonned  by  the  direct  union  of  ita  elements, 
but  is  easily  obtiiiiied  by  tlio  action  of  iodine  on  cyanide  of  mercury,  cyanide  of  silver, 
or  othiir  metallic  cyanides ;  it  is  likewis**  found  as  an  impurity  in  oommiTciiil  iodino 
(Scan  law,  Chem,  Soc.  Mem.  iii.  321,  F.Meyer,  Arch.  Pharm.  [2]  E  29.  Klo- 
bac  h,  ibul  Ix.  34). — 1,  Two  ptjs.  of  cyanide  of  mercury  are  mixt*d  with  1  pL  of  iodine, 
very  intimately,  but  quickly,  to  prevent  loss  by  volatilisation,  and  the  mixture  g:nidaally 
and  gently  heat«d#  eitlier  in  a  retort  provided  witli  a  receiver^  or  in  a  wide-nedced 
flask,  the  mouth  of  which  passes  nmder  a  bell-jar  partly  closed  with  a  gUss  plato ;  or 
the  mixture  is  heated  in  a  small  porceltiiu  dish  till  the  iodide  of  cyanogen  begins  to 
vobitilise,  the  dish  then  placed  upon  a  largo  glasja  plate,  and  covered  with  a  beJl-jar; 
the  iodide  of  cyonogen  then  sublimes  on  the  sides  of  the  jar  in  large  white  flocks 
(8  em  Has).  The  product  is  nsuidly  contaminati-d  with  iodide  of  mercury,  'pihieh 
subHrnen  with  the  iodjde  of  cyanogen,  chiefly  towards  the  end  of  the  operation  ;  it  muf 
he  purified  by  &  second  sublimation  over  tho  water-bath  or  in  sunshine,  but  tlie 
I'peratioo  takes  a  long  time.  If  tho  iodide  of  cyanogen,  when  supersaturated,  first 
with  strong  aqueous  potash  and  then  with  nitric  acid,  yields  no  precipitate  of  mercuric 
iodide,  it  majr  be  considered  free  from  thftt  impurity.     (Serullae.J 

2.  By  heating  a  mixture  of  iodine  and  cyanide  of  silver.  This  process  yields  a 
purer  product  (Woh!eT)^134  pts.  (1  at)  cyanide  of  sDver  require  riitber  less  th^an 
2o2  pt«,  (2  at.)  of  iodine. 

3.  lorliBo  is  dissolved  in  a  concentrated  solution  of  cyiinide  of  potassium,  in  such 
quantity  that  the  solution  may  solidify  in  a  crystalline  mass  on  cooling,  and  the 
solid  mass  is  gently  heat^  till  the  iodido  of  cyanogen  sublimes.  (LielSig,  Chim. 
org.  i.  180.) 

Froprrties. — ^lodide  of  cyanogen  fonns  lonpf,  white,  very  delicate  needles,  loosely 
united  in  feathers  and  stars   (Serullas).     From  its  solution  in   ether  or  absolute 
alcohol,  it  ciystidliscs  in  small  four-sided  tjibles  ;  from  a  solution  in  spirit  of  80  per 
cest^t  in  long  feathei-y  needles  (Herzoi^,  Arch.  Pharm.  [2]  Ixi   129).     It  is  very 
heavy,  sinking  rapidly  in  oil  of  vitrioL     It  boils  at  a  temperature  considerably  above 
100^  C,  and  volaahscs  undeeomposed  even  at  ordinary  lem{>eratures.     It  has  a  bighly« 
penetrating  and  pungent  odour  of  iodine  and  cyanogen  together;  exdtes  a  copioi^J 
flow  of  tears ;  and  hiw  an  extremely  acrid  taste  (metallic  if  it  is  contaminated  witllJ 
iodide  of  mercuty)  (Bern  I  las).     It  is  very  poisonous,  aetlnglike  iodine  and  cyanogen  J 
together.     It  diiisolves   in   wutf'r,    and   more   readily  in  fdcohof^  forming  colouriesal 
solutions  which  do  not  change  the  colour  of  litmus  or  turmeric,  or  turn  starch  blue,  op  I 
precipitate  nitrate  of  silver.     It  dissolves  with  atili  greater  facility  in  ether  and  in  J 
tfolntiU  oi/*,  and  ie  likewise  solnblk?  mji.xtd  oih. 

Ikcompc/sitffrfts, — 1.  Iodide  of  cyanogen  thrown  upon  red -hot  coals  (Serullas),  oti 
passed  through  a  red-hot  ttibe  (Wohler),  gives  off  violet  vapours  of  iodine.     Even  1 
it«  aqueous  solution,  wlien  kept  for  some  time,  imparts  a  pale  violet  colour  to  tht  | 
superincumbent  air  (Sor  u  1 1  a  s).     Strong  ^a/ph  uric  acid  decomposes  iodide  of  cyanogen  ' 
very  slowly,  acquiring  thereby  a  red  colour,  and  precipitnting  iodine  (Serullas);  | 
according  to  Herzog,  the  decomposition  does  not  tAe  place  without  the  aid  of  beat 
It   diHsoivcs  also  without  decomposition  in  nitric  ana  in  cotd  hydrochltmc  add. — 
3.   StdpAitn^us  anhi/dridv  exerts  no  aettoo  on  iodide  of  cyanogen;  but  the  aqneona 
solution  of  sulphurous  acid  forms  with  it  (water  being  decomposed)  sulphurio  add. 
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hydrocyanic  acid  and  iodine,  which  last  substance,  by  the  further  action  of  the 
sulphurous  acid,  yields  hydriodic  and  sulphuric  acids.     (Serullas) : 

2CyI  +  H»0  +  H*SO>  «  H'^SO*  +  2HCy  +  P; 
and: 

Cyl  +  B?0  +  H«SO«  «  H«SO*  +  HCy  +  HL 

Sulphydric  acid  gaa,  in  the  absence  of  water,  converts  iodide  of  cyanogen  into  hydriodic 
acid  and  black  iodide  of  sulphur ;  in  presence  of  water,  the  products  are  hydrocyanic 
acid,  hydriodic  acid,  and  a  precipitate  of  sulphur : 

2CyI  +  H»S  «  2HCy  +  SI«; 
and: 

'     Cyl  +  H«S  -  HCy  +  HI  +  S. 

5.  Iodide  of  (^anogen  dissolyes  in  caustic  potash^  forming  cyanide,  iodide,  and 
perhaps  also  iodate  of  potassium  (Ser  ullas).     Probably  thus : 

3CyI  +  3K*0  «  3KCy  +  2KI  +  KIO>. 

6.  An  aqueous  solution  of  iodide  of  cyanogen  mixed,  first  with  potash,  then  with 
ferrous  sulphate,  then  with  hydrochloric  acid, — or  first  with  ferrous  sulphate,  then  with 
potash,  and  then  with  hydrochloric  acid, — yields  a  green  precipitate  (Ser ullas). 
This  reaction  distinguishes  iodide  of  cyanogen  from  the  bromide  and  chloride,  which 
yield  the  green  precipitate  in  the  latter  case  only. — 7.  Phosphorus  melts  in  contact 
with  iodide  of  cyanogen,  and  yields  iodide  of  phosphorus,  often  with  emission  of  light 
and  heat;  the  cyanogen  is  probably  set  free  in  this  reaction  (Wohler,  DykJ.  Simi- 
larly, powdered  antimony  heated  with  iodide  of  cyanogen  decomposes  it  with  noise, 
and  forms  iodide  of  antimony ;  and  mercury  agitated  with  aqueous  iodide  of  cyanogen 
liberates  the  cyanogen,  and  is  converted  into  iodide  of  mercury,  exhibiting  first  a 
yellow  and  then  a  red  colour.    (Wohler.) 

Di^  chlorine  gas  and  nitric  add  do  not  decompose  iodide  of  cyanogen.  (Sernllas.) 
With  ammonia-gas,  iodide  of  cyanogen  forms  a  mixture  of  iodide  of  ammonium 

and  cyanamide,  formerly  regarded  as  ammonio-iodide  of  cyanogen.     (See  Ctanamidb, 

p.  188.) 
CTAVOaBV,  81IXVKTBRATB8   OTm    Dry  sulphydric  acid  gas  does  not 

act  upon  cyanogen,  but  in  the  moist  state,  the  two  gases  unite,  forming  two  crystalline 

compounds,  according  to  the  proportions  in  which  Uiey  are  mixed. 

Monosulphydrate.  Flaveanwasserstoffsaure  (Berzelius).  Sulphoxalenide 
(Laurent^.  (?N*H^  «  C^'.H'S. — This  compound  is  formed  when  cyanogen  and  sul- 
phydric acid  gas,  both  moist  and  the  former  in  excess,  are  passed  into  a  glass  receiver 
standing  over  mercury,  or  into  alcohoL  Laurent  (Compt.  chim.  1860,  p.  373)  passes 
the  two  gases  (the  cyanogen  in  large  excess)  into  a  large  bottle  moistened  with 
water,  and  purifies  the  crystals  which  form,  by  reciystallisation  from  ether. 

The  compound  crystallises  in  yellow  needles  having  a  pungent  and  afterwards  bitter 
taste.  It  dissolves  in  water,  alcohol,  and  ether.  The  solutions  are  not  acid ;  they 
become  darker-coloured  on  standing,  and  deposit  brown  fiocks,  emitting  at  the  same 
time  an  odour  of  prussic  acid.  Heated  with  dilute  acids  or  alkalis,  it  yields  oxalic 
add,  ammonia,  and  sulphydric  add : 

C*N«H»S  +  4H»0  -  C«H«0«  +  2NH«  +  H^S. 

With  a  strong  solution  of  potash,  it  forms  snlphocyanate  and  cyanide  of  potassium : 

C«N«H«S  =  CNH  +  CNHa 

Hydrocyanic    Sulpho- 
acid.       cyanic  acid. 


With  silver-salts,  it  forms  sulphide  of  silver,  cyanogen  being  at  the  same  time  set  free ; 
from  acetate'  of  lead,  after  a  while,  it  precipitates  sulphide  of  lead. 

Disulphydrate,  Rubranwasserstoffsaure {BerzcliviB).  8ulphoxami(fe(L&-aT9iit)f 
C*N*H*S*  —  Cy'.2H'S. — This  compound,  which  has  the  composition  of  oxamide  in 
which  the  oxygen  is  replaced  by  sulphur,  is  prepared  by  passing  cyanogen  gas  and 
excess  of  sulphydric  acid  simultaneously  into  water,  or  better,  into  alcohol.  The 
liquid  gradually  acquires  a  yellow-red  colour,  and  deposits  small  cxystals  of  the 
compound,  which  may  be  recrystallised  from  alcohol.     It  forms  yellow-red  shining 

rue  crystals  very  slightly  soluble  in  cold  water,  somewhat  more  in  boiling  water, 
in  alcohol  and  ether.  Strong  sulphuric  acid  dissolves  it  with  yeUow  colour, 
and  deposits  it  acain  unaltered  on  addition  of  water.  When  it  is  gently  heated,  a 
small  portion  sa^mes  unaltered,  the  rest  bdng  resolved  into  sulphide  of  ammonium 
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And  &te  carbon.    It  dueolTea  without  altcnilion  in  cold  potjuh ;  bat  when  boiled  irith 
dilate  potaah,  it  jidds  oxaUte  and  snlpbide  of  potawiiiTn,  together  with  amtooxua : 
CNm«S»  +  3KK)  +  HK>  =  OKK)*  +  2K»S  +  2KH*. 

A  similar  de<»mpo6itioa  takes  jdaoe  whfin  th«  eompotmd  ia  boiled  with  hjdrodilorio 
add.  Boiled  with  strozig  poiaah-aohitioii  it  yieldi  cjamde»  anlphoGjaDJite,  and 
aidphide  of  potaasimu : 

C*N^*S«  +  2K*0  «  CNK  +  CfNES  +  K^  +  2HH). 


The 


or  «Mwiyw»f, 


compound  U  not 

fitber  dry  or  aqueous. 


decompoac-d  by  dry  bydroehlozie  ad^  or  hj  wvlph 
r  aqueotia.    CbJoiino  deeomiMafla  it  with  aid  of  h^ 


I  of  h^it,  forming 


ehlofide  of  acdphur ;  with  bodling  nittie  add,  it  forma  anlpfaorie  add.    The 


acitttifBi^  mixea  with  nitrate  of  ailTer,  eiTea  off  c;^aiiogein  aiad  throws  down  aolphide 
of  aOrvr.  With  neutral  acetate  of  Lead,  it  Jidda  an  orange- jellow  pneciptate 
CK'H'Pb^S't  which  retains  its  colour  when  carefbllj  dried,  but  jidils  ^olpbide  of 
lead  when  boiled  with  water  (Wohlcr,  Yolckel).  With  cnpric  salts  it  yields  a 
blaek-green  pr&cipitat^  which  resembles  the  lead-salt  in  its  reactions^  With  mercuric 
chloride  it  fornu  ii  thick  white  precipitate,  and  gires  off  hydrochloiric  add.  (W  o  h  1  e r.) 
(For  farther  details  rc^pocting  these  compounds,  see  GwuHtCm  Sandhoak,  viii.  116.) 

CrrAaraaEH',  StTXPasaaS  OV*     See  Sm.rHOCTAXic  A^rsntRiDa. 

crrASron.  C*Hi*NO?  (Roasignon,  Gompt  rend  ziii  66L)— A  roktile  oQ 
prodaoed  by  the  ft^rmentation  of  pressed  ahnond-eake  and  of  many  stone-froits  con- 
taining prussic  add.  To  prepare  it,  the  braised  and  majstened  almond-ciike  is  spread 
out  on  paper  till  the  maea  oegins  to  ferment ;  the  fermented  mass  is  carefullj  di.<tilled ; 
and  the  distiUate,  which  at  first  contains  a  small  quantity  of  acetic  acid,  is  collected 
in  a  reodrer  containing  potash-ley*  The  cyanoH,  whidi  fioats  on  the  liquid  in  oily 
drops,  is  first  treated  with  chlorine,  and  ^en  rectified  orer  potash.  CyanoQ  may  also 
be  obtained  by  fermenting  almond-cake  with  cheesew 

Cyano'il  is  a  eolourtesa,  oily  liquid  which  smells  like  bitter  almonds,  tastes  somewhat 
sharp  and  astringent,  is  insoluble  in  water,  and  has  a  specific  grarity  of  1*009 ;  it 
burns  witb  a  purple-red  fiame.  When  exposed  to  the  air^  it  slowly  Tol&tih'ses  without 
alteration.  It  is  said  not  to  be  decomposed  by  potash,  chlorine^  bromine,  or  iodine. 
It  mires  in  all  proportions  with  nitric  add,  and  ^dissolres  camphor,  naphthalin,  and 
wax.  It  is  said  to  contain  69-42  per  cent  carbon,  10*54  hydrt^n,  13-02  nitrogen, 
and  7*02  oxygen,  numbers  which  may  be  represented  by  the  empirical  formula  alK>7e 
gi?en ;  but  the  inTestq^atioii  of  this  substance  it  altogether  Tvrj  imperfect 

CrVAVOKITB.  A  hydrated  siUeate  of  caJcinm  occurring,  inteigrown  with  eerinite 
and  centndlassite,  in  a  kidnej-8ha|»ed  mass  in  the  trap  ckf  Fnndy  Bay,  m  mile  to  the 
east  of  Black  Bock,  and  forming  the  innermoet  portion  of  the  mass.  It  is  amjorpbons, 
with  a  fracture  Tsrying  from  flat  ooneholdal  to  eren.  Cdoar  blniah  grey ;  iridescent ; 
opaque  in  the  mass,  tranalne^it  at  the  edgea.  Specific  grarity  —  2*4tfi.  Hardness 
a  4 '5.  Soluble  in  hydrochloric  acid,  with  separation  of  gelatinous  silica.  Before 
the  blowpipe  it  melts  on  the  thin  edges,  forms  dear  beads  with  soda  and  borax,  and 
a  translucent  glass  with  phosphorus-salt. 

The  analysis  gare : 

SiO*  A1*0»  Ca'O  Hg*0  KK)  WO 

72*62  1-24  18*19  trace  0-01  6-91  ^  ^9*47; 

agfreeing  nearly  with  the  formula  14C5!iO,lO©iO«  -I-  bSO  or  14C^*0.5SiO»  +  SE?0.  \ 
(flow,  Edinb.  K.  PhiL  J.  x.  847.) 
CYAN  o  SITE,  or  Cyanott,     NatiTe  sulphate  of  copper.    (See  Sm^PHATna.) 
CYAJrOTOliTTZBUrs.    Syn.  with  CTUionEzczTi.AJCcni.  (See  Bknztlajunb.  ) 

CTAWOxaiCHlXK,    L^tf^mtitf,  Saminterg^  Kv^ferMOMffUerg, — A  minertlfh>m;j 

MoldiiWA,  in  the  Biinnat,  occurring  in  TeWety  deposits^  consisting  of  delicate  smaltNi 

blue  fibres.     Two  spedmens  analysed  by  Percy  (Phil*  Mag.  [3]  xxx7.  100)  gaye ; 

S0»  A1*0»  Fe*0»  CuK)  WO 

15-38  11-70  48-16  2306  «  98^30 

1412  11^  MS  46  69  23'OS  insoL  2*85  »  98*36 


l2Cu*    > 
whence  the  formula,  6Cu*O.Al'0*.2SO»  +  12HK)  «  aAll"*    f  0'*  +  12aq. 

2<S0TJ 

CTAXQUB  ACIS.  The  name  originally  given  by  Senilhis  to  cyanic  add,  tm 
the  RuppositioD  that  it  contained  only  half  as  much  oxygen  as  the  acid  then  caUei' 
cf/antCt  but  now  c^an  uric  add. 
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OTAarmULmo  ACXDS.  Ammdine,  C^N^HH),  zs^eiMdanurenic  aeid,  CN'H«0', 
may  be  regarded  as  amic  adds  of  cyanuric  acid,  both  being  intermediate  in  compoeitiou 
between  cyanuric  acid  and  cyanuramide  or  melamine,  thus : 

Cyanuric  acid. C*N«H»0«  «  ^|o« 

Melanurenic  add CT^'HH)*  -  ^'|q, 

Ammeline C?N»H»0  -  H>|^ 

Cyanuramide C»N«H«  «   H»[n» 

Ammeline,  C^'B.K).  (Liebig,  Ann.Ch.Pharm.x.30;  Iviii.  249.  Kn&'pp,  ibid. 
xzi  244.  Laurent  and  Gerhardt,  Ann.  Ch.  Phys.  [3]  xiz.  92.) — This  compound, 
which  may  also  be  regarded  as  composed  of  2  at  cranamide  and  1  at.  cyanic  acid, 
2(>H'N.QrH0,  is  pr^uced  by  boiling  melam  with  dilute  sulphuric  acid  or  potash-ley, 
or  by  boiling  melamine  (cyanuramide)  with  dilute  nitric  acid.  It  is  precipitated  from 
its  solutions  by  ammonia  or  carbonate  of  potassium,  as  a  chall^  white  powder.  It  is 
insoluble  in  water,  alcohol,  and  ether,  but  dissolyes  in  caustic  alkalis  and  in  most 
acids.  Strong  acids  and  alkalis  convert  it,  first  into  ammelide,  then  into  cyanuric  acid. 
When  heated  it  gives  off  ammonia  and  leaves  mellone.  Fuscyd  with  potash,  it  yidds 
cyanate  of  potassium  (p.  193). 

*  Ammeline  is  a  weak  base,  forming  crystalline  salts,  which  are  partially  decomposed 
by  water.  The  nitrate^  C*N*HK).HNO«,  crystallises  from  solutions  containing  a  slieht 
excess  of  nitric  acid,  in  long  colourless  four-sided  prisms.  When  heated  in  the  ory 
state,  it  gives  off  nitric  add  and  nitrate  of  ammonia  — or  the  products  of  its  decom- 
position, nitzous  oxide  and  water — and  leaves  melanurenic  add: 

C«N»H»O.HNO«  -  C^^H*0«  +  NK)  +  H«0. 

The  argenUhniirate,  C*N*H*0.  AgNO',  obtained  by  mixing  a  solution  of  nitrate  of  am- 
meline with  nitrate  of  silver,  is  a  white  ciystalline  precipitate. 

Melanurenic  acid,  C^*H<0«  -  CvH«N.2CyH0.  (Liebig  and  Wohler,  Ann. 
Ch.  Pharm.  Hv.  371. — Gm.  ix.  470.) — ^Tnis  body  remains,  together  with  cyanuric  add, 
when  urea  is  subjected  to  a  continuous  but  moderate  heat  On  dissolving  out  the 
cyanuric  add  with  water,  the  melanorenic  add  remains  as  a  white  chall^  powder,  in- 
soluble in  water,  soluble  in  acids  and  alkalis,  and  predpitable  therefrom  py  neutralise* 
tion.  When  heated,  it  yields  ammonia  and  mellone ;  and  when  boiled  with  adds  or 
alkalis,  it  gives  up  ammonia  and  is  converted  into  cyanuric  add. 

Ammelide,  C^»H»0«  -  3(CyH*N.CyH0)  -  ^|^.    (Liebig,  Ann.  Pharm.  x. 

30;  Iviii.  249.  Knapp,  ibid,  Ixix.  244.  Laurent  and  Gerhardt,  Ann.  Ch.  PhysL 
[3]  xix.  94.) — ^This  body,  discovered  by  Liebig  in  1834,  stands,  according  to  the  above 
formula,  intermediate  between  ammeline  and  melanurenic  add,  just  as  ammeline  does 
between  melamine  (cyanuramide)  and  melanurenic  add,  and  as  melanurenic  add  does 
between  ammeline  and  cranuric  add  (see  table  above).  Ger h  ar dt,  however  ( 7Vm^ 
iv.  888\,  re^puds  it  identical  with  melanurenic  add.  It  is  obtained  br  dissolving  melam, 
melamine,  or  ammeline  in  nitric,  or  better,  in  strong  sidphuric  ado,  and  preapitating 
with  alcohol  or  carbonate  of  potassium.  It  is  a  white  powder,  insoluble  in  water, 
soluble  in  adds,  but  does  not  form  definite  salts.  It  dissolves  easily  in  dilute  potash, 
and  in  boiling  aqueous  ammonia ;  and  when  the  latter  solution,  freed  from  excess  of 
ammonia  by  heat^  is  mixed  with  nitrate  of  silver,  a  predpitate  of  ammelidaie  of  silver 
is  formed,  consisting  of  CN'H'AgC. 

A  solution  of  this  salt  in  strong  nitric  add  depodts  colourless  lamin»  or  tables  of 
araentonitraU  of  ammelide,  C^IPCA^NO'.  The  same  compound  is  obtained  on 
mixing  a  cold  saturated  solution  of  ammeude  in  nitric  add  with  a  solution  of  nitrate 
of  silver  not  containing  ammonia.  The  crptals  treated  with  water  dissolve,  for  the 
most  part,  leaving  white  flakes  of  ammeude.  Heated  in  a  tube,  it  first  gives  off 
nitrous  vapours,  then  cyanic  add,  and  leaves  metallic  silver. 

Ammelide  boiled  for  some  time  with  adds  or  alkalis  is  converted  into  cyanuric  add, 
and  when  fnaed  with  potash,  yields  cyanate  of  potasdnm. 

eTAWUWLAWanm,  Tricyano-triamide,  Melamine,  C^*N'  ■-  ^|^*  (^^^ 
bi^  Ann.  Ch.  Phavm.  x.  18;  xxvl  187.) — This  confound,  polymeric  with  eyanamide, 
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is  obtAincd  by  li<?iitlng  the  latter  to  16(P  C,  or  "by  boiling  mdoin  (CH'N* ')  with 
and  slowlj  evaporating  the  BoludoD.  It  crptallises  in  krge  rhombic  octalu 
hftTing  n  gtroBg  lustre,  permBnent  in  the  air,  sligbtlj  soluble  in  cold  water,  mora 
soluble  in  boiling  water,  insoluble  in  aJcobol  and  ether ;  boiling  potiish-ley  dissolTea 
tbcm  more  readily  than  water.  When  ationgly  heated,  th<*y  melt,  give  oflF  ammonta, 
and  leave  an  orunge-yellow  residue  of  hydromeUone,  which  is  further  deoomposed 
at  a  hi^er  temperature.  C^Linuramide,  fused  with  hydraU  cf  potasnum^  yields 
cyaoate  or  mellonide  of  potassium,  aeccording  to  the  pitiporticms  used ; 

C*H*N»  +  3KH0  -  3CNK0  +  SMP. 

Cy«Dai(!  of 

8C»H«N»  +  3KH0  =  C^N^'K'  +  &NH»  +  3H*0, 

in  cH  on  Ids  (jf 

When  fused  with  poinMittm^  it  glowsj  gires  off  CLiniiioDtH»  and  yieUls  mpllonide  of  potas- 
iinm.  Strong  acids  transform  cyanuramide  successively  into  ammeline^  ammeltd^^ 
melanurenic  add,  and  eyuniaric  acid,  ench  of  these  comf>onnd5  being  derived  from  the 
proeeding  by  the  addition  oflFO  and  elimination  of  NH'  (p.  2S6). 


4 


Cjanuri* 
told* 

Ammtllnt, 

2C»N*H*0  +  H»0  - 

Ammelidi^. 

Ainmclide. 

-  NH*  »  2C«N*H*0' 
Melwiurenic 

MrlAnurmlc  Ctanuric 

acid.  acid. 

Cyanummidef  or  melamine,  is  a  base  wkicfa.  unites  easily  wit2i  aeids,  forming  well 
defined  salts  which  have  an  add  reaction.  Its  aqueous  solution  precipitates  the  salta 
of  manganese,  iroiij  zinc,  and  copper. 

Atxtaie  of  mflamim  is  veiy  solnblo  in  water,  and  cryBtjiUiecs  in  large  rectangular 
fleixible  tables.  TYlq  formate  forma  very  eolublo  hunina?.  The  nitrate,  C'H*N*.HNO', 
ciystaUises  in  long  silky  laminee,  in^hich  are  permanent  in  ihe  air  and  may  be  recrystal- 
liaed  without  d^compontion.  An  argtiU*mUratej  C3*H'N'-AgN0",  is  produced  on  adding 
a  hot  solution  of  melamine  to  nitrate  of  silver,  as  a  white  ciystaUine  precipitate^  which 
ino-eases  on  cooling,  and  may  be  recrystalJised  without  alleration.  The  oxalate, 
(?H\C»H»N*)'0\  is  leas  soluble  in  water  than  the  nitrate.  The  pfutsphate  fomw 
alender  needles  very  soluble  in  boiling  water.  The  sulphate  ia  a  ciystalline  precipitate 
obtained  by  adding  fiulphnric  acid  to  a  solution  of  mcLimine.  It  is  slightly  soluble  in 
cold  wateTp  more  soluble  in  boiling  watoTj  and  cry»tallises  on  cooliog  in  short  red 
needlaa.  ^ 

fnidf',  Cyanurentf^  acid,  Pyro-uric  neid.  (Schecle,  Opuscitla^  IL  177.  Sernllas, 
Ann.  Cl'i.  Phys,  [2]  .^jacvili.  379.  Wiihler,  Pogg.  Ann.  xv.  622;  Ann.  Ck  Fhann. 
Ixil  241.  Liebig  and  Wohler,  Pogg.  Ann.  xx.  3fi9;  xxiv,  fi08,  603.  Liebigi 
AniL  Ck  Pbann.  Jcxvi.  121.  125.  W^irtK,  ibid,  btiv.  307.  De  Vry,  ibid.  Ixi.  248. 
L  i  i«  p  r  i  c  h  t,  tffid.  Ixxi v.  2  08. ) 

This  acid  was  discovered  by  Scheele,  who  obtained  it  as  a  sublimate  by  the  dry  dis- 
tillntiou  ef  uric  add,  and  regarded  it  as  similar  to  sueeinic  acid.  Serullas,  in  1828, 
by  decomposing  solid  chloride  of  cyanogen  with  water,  obtained  an  add  which  he  re* 
gnrded  na  C'lvHO',  and  named  cyanic  add  (p.  286) ;  and  Wohler,  in  1829,  showed 
that  this  acid  was  identical  with  pjfTO-nric  acid,  and  was  also  obtained  as  a  residue  bj 
hwitjfig  urea.  Subsequently,  Liebig  and  Wohler,  in  1830,  discovered  the  true  coropo* 
sit  ion  of  the  acid  and  many  of  its  chemical  relationa. 

Cyanwic  add  is  also  produced:  a.  By  heating  urea  to  a  certain  point  (Wohler, 
Gm.  vii  366). — b.  In  the  decomposition  of  urea  by  hydrochloric  acid  (De  Vry),  or  by 
chlonno  (W  urts). — e.  By  boiling  melamine  with  nitric  acid,  or  cyanyllc  acid  with  iml- 
phuric  acid  (Liebig).- -<f.  By  boiling  1  pt.  of  ammdide  for  six  hours  with  60  pts. 
uf  water  und  a  quantity  of  phosphoric*,  sulphuric,  or  nitric  acid,  about  sufficient  to  dis- 
solve the  aramelide,  the  ebullition  being  conlinue<l  till  the  liquid  is  no  longer  precipi- 
tated by  ammonia,— f.  By  boiling  1  pt.  of  anini«4ide  for  on  hour  with  10  ptM.  of  dilute 
potash  (Knapp,  Ann,  Ck  Piiann.  xxi,  246),-^/,  By  the  action  of  aqueous  hypo- 
el  ilerous  arid  on  hydrooyanie  acid*     (Balurd.) 

Pteparaiion.  —  h  Dry  cblorijii'  gna  m  passed  into  melting  urea^  wheroupon  the  niMI 
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■wvtUs  up  strongly,  gires  off  white  fiimes  of  sal-ammoniac,  together  with  nitrogen  and 
hjdzochloric  acid,  and  is  conrerted  into  cjannric  add.    (Warts.) 

8CHW0  +  a«  =  N  +  HCl  +  2NH«a  +  C«N»HH)«. 

2.  Urea  is  heated  till  it  ceases  to  giye  off  ammonia,  the  residue  is  dissolved  in 
boiling  water,  and  the  filtrate  is  left  to  ciystallise  by  cooling  (Wohler).  As  the  urea- 
residue  maj  still  contain  ammonia  and  still  exhibit  colour,  it  must  be  dissolved  in  hot 
sulphuric  acid,  nitric  acid  dropped  into  the  solution  till  all  effervesceuce  ceases  and 
the  solution  is  decolorised^  and  after  cooling,  the  cyanuric  acid  precipitated  from 
it  by  water ;  it  is  then  obtained  as  a  snow-white  crystalline  powder ;  or  it  may  be  dis- 
solved in  boiling  hydrochloric  acid,  which  will  deposit  the  cyanuric  acid  as  it  cools ; 
or  the  pulverised  residue  may  be  suspended  in  water,  and  chlorine  passed  through  the 
lic^uid,  whereupon  the  residue  dissolves,  forming  a  solution  which  deposits  cyanuric 
acid  in  proportion  as  the  chlorine  escapes.    (Wohler  and  Liebig.) 

3.  Pidverised  urea  is  saturated  with  drr  hydrochloric  acid  gas ;  the  compound  is 
heated  in  the  oil-bath  to  145^  C,  at  which  temperature  it  begins  to  decompose,  then 
taken  out,  whereupon  violent  decomposition  takes  place,  and  the  temperature  of  the 
mass  rises  to  200^ ;  and  the  residue  is  dissolved  in  hot  water,  which  on  cooling  deposits 
white  cyanuric  acid,  whilst  sal-ammoniac  remains  in  the  solution.  If  the  mass  were 
left  in  the  oil-bath,  the  compound  CN^H^O'  would  be  obtained  instead  of  cyanuric 
add.     (De  Vry.) 

4.  Solid  chloride  of  cvanoffen  is  boiled  with  a  large  quantity  of  water  in  a  flask  pro- 
vided with  a  long  neck,  that  which  sublimes  in  the  neck  being  continually  returned  to  the 
liquid  by  agitation,  till  the  odour  of  chloride  of  cyanogen  is  no  longer  perceptible.  The 
liquid  is  then  placed  in  a  basin  and  evaporated  nearly  to  dryness  at  a  gentle  heat,  the 
greater  part  of  the  hydrochloric  add  escaping ;  the  crystallised  cyanuric  acid  is  washed 
on  a  filter  with  small  quantities  of  cold  water  till  the  water  gives,  with  nitrate  of  silver, 
only  a  slight  predpitate  which  dissolves  in  nitric  acid ;  the  add  is  then  dissolved  in 
boiling  water,  ana  the  filtrate  evaporated  to  a  certain  point,  and  left  to  crystallise. 
(SeruUas.) 

Properties. — Cyanuric  add  crystallises  from  water  in  colourless  oblique  rhombic 
prisms  containing  2  at  water  of  crystallisation :  C*N"H*0*  +  2H*0.  The  finest  crystals 
are  obtained  by  saturating  a  solution  at  the  boiling  heat,  evaporating  it  at  60^ — SO^'  C, 
ttnd  leaving  it  to  cool  slowly.  According  toEeferstein  (x'ogg.  Ann.  xcix.  275)  and 
Schabus  {Bestimmung,  p.  142),  the  crystals  are  monocUnic,  exhibiting  the  faces 
odP  .  odPoo  .  oP  .  -Poo  .  —  JPoo .  Ratio  of  axes  a  :  6  :  c  «  0-6728  :  0-7626  :  1.  In- 
dination  of  odP  :  ooP  in  the  dinodiagonal  prindpal  section  ^109  48'  (77°  13'  Kefer* 
stein);  oP  :  ooP  -  99°  69';  oP  :  -Poo  -  137°  3';  oP  :  -JPoo  -  161o  42'.  Qea- 
vage  very  distinct  parallel  to  —Poo  ;  less  distinct  parallel  to  oP. 

The  crystals,  exposed  to  dry  air  or  gently  heated,  give  off  their  water  of  crystallisa- 
tion, amounting  to  21*69  per  cent, 'and  leave  anhydrous  cyanuric  acid  in  the  form  of 
a  white  elBorescent  mass.  The  anhydrous  acid  likewise  separates  from  a  hot  saturated 
solution  of  the  add  in  nitric  or  hydrochloric  acid.  By  sublimation  it  is  obtained  in 
delicate  needles. 

Cyanuric  add  is  inodorous,  has  a  slightly  acid  taste,  and  reddens  litmus  faintly. 
It  is  not  poisonous.  It  is  but  slightly  soluble  in  cold  water  (in  40  pts.  according  to 
Chevallier  and  LassaigneX  di^lves  in  24  pts.  of  boiling  water,  and  is  insoluble 
in  alcohoL 

Decompositions, — 1.  Cyanuric  add  when  heated  alone  is  converted  into  cyanic  add 
(C*N"H"0»  —  3CNH0),  part  of  the  latter  being  at  the  same  time  converted  into  cya- 
melide  (p.  186)  which  sublimes  (Liebig  and  Wohler).  When  mixed  with  nitrate 
of  ammonia,  it  undergoes  this  change  at  a  lower  temperature  than  when  heated  alone 
(Pel  on  re,  Ann.  Ch.  Phys.  ^3]  vi.  69). — 2.  By  prolonged  boiling  with  «»YrtV?  or  ht/dro- 
chloric  add,  it  ia  resolved  into  ammonia  and  carbonic  acid  (Liebig). — 3.  Heated 
with  six  times  its  weight  of  pentachloride  of  phosphorus,  it  yields  solid  chloride  of 
cyanogen  and  oxychlonde  of  pnosphorus  (Beilstem,  p.  1 81). — 4.  H eated  with potas' 
sium,  it  yields  cyanide  and  hydrate  of  potassium,  C'K'H*0'  +  K«  »  3CNK  +  3KH0. 
(Serullas.) 


Cyanuric  acid  is  tribasic,  being  the  analogue  of  solid  chloride  of 
cyanogen.  It  forms  neutral  salts,  Cy'M'O*,  of  which,  however,  only  the  lead  and 
silver  salts  have  been  obtained,  and  acid  salts  containing  2  at  and  1  at  metal  in 
place  of  hydrogen,  viz.  Qr'HM'O'  and  Cy'H'MO'.  All  the  cyanates  appear  to  be 
crystallisable,  even  those  which  are  obtained  by  predpitation  appearing  crystalline 
under  the  microsoope.  They  are  decomposed  by  hydrochloric  and  nitric  acid,  with 
separation  of  cyanuric  add.  The  cyanurates  of  the  alkali-metals  when  heated  give 
ofTgranie  acid,  eyanate  of  ammonium,  carbonic  anhydride,  and  ni^xogen,  and  laaTa  a 
Vol.  a  U 
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fesidu©  of  cjranat*.  They  are  easily  aolubb  in  water ;  the  other  cyauurates  are  inaoluHe, 
or  sparingly  soluble. 

C^anurate  of  Ammonium,  Cy'H*(Nn*)0'  +  aq.  (dn*d  in  vacuo). — White 
ehining  prisms  which  efflores*?©  in  contact  with  the  air,  and  give  off  ammonia  when 
heated.     They  are  but  slightly  soluble  in  water,  the  eolntion  smelling  of  anunonia. 

Cyanurate  of  Barium. — The  monohajytic  mlt,  CylirBaO'  +  aq.,  is  produeed 
by  dropping  barj'ta-water  into  a  boiling  solution  of  the  acid  as  long  ns  the  resulting 
precipitate  rediasolves.  The  salt,  which  is  nearly  insoluble,  gradually  separates  in 
wnall  shiumg  prisma.  It  begins  to  give  off  water  at  200*'  C.^  and  becomes  anhydr^joa 
and  milk-whito  at  280*^. 

The  dibart/tie  salt^  Cy*KBa'0*  +  nq.,  is  obtained,  on  pouring  a  hot  solution  of  the 
acid  iuto  an  excess  of  baryta-water,  as  a  pu]T4?rnlent  precipitate  composed  of  micro- 
acopic  CTjPtals,  It  ia  liltewise  product  on  mixing  a  Iwilinff  solution  of  th©  acid  with 
chloride  of  biirinm  and  adding  ammonia.  The  free  acid  does  not  precipitjate  either 
chloride  or  acetate  of  barium.  At  200^  C.  it  begins  to  give  off  water  of  cryfttalliBation 
(aroouutinE  to  0*3  per  cent),  and  at  a  higher  temperature^  girea  off  ammonia^  then 
cyaiiio  acid,  and  leaves  f^ed  cyanate  of  barium. 

C(/anurate  of  Caleiutn  crystallises  in  nodules.  It  is  easily  soluble  in  water ; 
haft  A  sharp,  bitter  taste ;  melts  at  a  gentle  heat,  and  solidifies  on  cooling  in  a  jellowiah 
waxy  masa.  It  contains  6 '6  per  cent  Ume.  (CheTallier  and  Lasaaigne,  Ann. 
Ch.  Phys.  xiii.  165.) 

C^anurate  of  Copper. — A  definite  salt  appears  difficult  to  obtain.^ — a.  Recently 
precipitated  cupric  hydnite  added  by  small  portions  to  hot  aqueous  cyannric  acid  till 
the  liquid  ts  saturati-'d,  forms  a  clear  solution,  and,  on  cooling,  Boon  yields  a  blui5<h- 
green  crystalline  precipitate,  which  assumes  a  fine  blue  colour  at  100°  C,  and  at  200** 
gives  off  9  per  cent  water,  and  changes  to  pure  green  just  lilce  chromic  oxide  ;  it  iip- 
peare  to  he  a  basic  salt  with  more  than  3  at.  copper.—  ft.  CryFtaJJised  cyanunitc  of  am* 
monium  dissolved  in  water,  forms  with  cupric  sulphate  a  green ish-l>Iue  amorphous  pre- 
cipitate wliicli  when  heated  hecomes  crystalline  and  assumes^  firsts  a  blue,  then  a 
green  colour ;  it  ih  frre  frrim  ammonia,  but  contains  snlphnric  add  as  an  essential 
tonstituent  The  liquid  filtered  from  this  precipitate  deposits  cryBtalli»ed  cyannric 
ficid.^c.  When  aqueous  solutions  of  cyanuric  add  and  cupric  acetate  salurated  while 
hot*  lire  boiled  together  for  some  time,  a  green  precipitate  is  formed  oontainiug  acetic 
acid  in  combination.     (Wohlcr.) 

Ci/anurate  of  CupramiTumium,  Cy'H(KH*Cu70'  +  aq.^^A  solution  of  cvanurio 
acid  in  T<>ry  dilute  ammonia,  mixed  while  hot  with  a  solution  of  cupric  aulpLate  in 
very  dilute  ammonia,  deposits,  on  cooling,  crystals  which  may  be  washed  with  water, 
inn-«much  as  they  dissolve  in  it  hut  sparingly.  The  salt  forms  small  amethy^t-colouri  d 
cryestjils.  which,  when  examined  by  the  microscope,  appear  to  be  four-sided  prisms,  with 
two  of  the  lateral  faces  broader  than  the  others,  and  bevelled  with  two  faces.  It 
is  permanent  in  the  air,  begins  to  give  off  ammonia  at  100°  C,  and  at  230*^  assumes 
a  dark-olive  green  colour,  with  loss  of  14'8S  per  cent.  At  a  still  higher  temperature  it 
Buddenly  becomes  yellow,  then  takes  fire,  and  glimmers  away  till  it  is  converted  into 
cupric  oxide. 

If  in  the  preparation  of  this  aalt^  the  ammonia  is  not  used  in  too  great  excesa,  an 
the  lit^uids  are  mixed  at  the  boiling  heat,  a  beautiful  peuchblossom-foloured  crystallin 
precipitate  is  formed,  whif  h  ia  likewise  an  a mmonio' cupric  salt.  It  dissolves  in  an 
monia,  forming  an  aznre^blue  solution  which  soon  begins  to  deposit  small  dystoltl 
having  a  smalt-blue  colour,  but  changing  into  the  peach-hloesom-coloured  salt  on  c~ 
posure  to  the  air,  from  lo88  of  ammonia. 

Ct/annraifs  of  Copper  and  Ammonium,' — The  dark-green  salt  obtained,  as  abo 
mentioned^^  h^r  heatiuj?  cyanurato  of  cuprammonium  to  230'^  C,  eontjiins,  according  t»l 
Wahler,  Cy*Cu*(NH*)0»  +  knq.;  according  to  Gerhardt  and  OmeUn,  Cy*Cu*i;NH*)0».| 
Wiedemann  (Pogg.  Ann.  Txxiv.  73),  by  adding  a  solution  of  cyanuric  acid  in  exc«!*| 
of  ammonia  to  an  ammoniacal  solution  of  cupric  sulphate,  obtainfid  a  violet  precipi*f 
tiite  of  the  aalt,  Cy'HCutNH*)^,  insoluble  in  cold  water,  and  sparingly  aoluh' 
in  ammonia. 

C^anuraie  of  EthyL    B^  CrAxumc  ETKBaa. 

Cyanurait  of  L fad,  Cy'Pb*0*  +  aq.,  is  produced  when  a  boiling  solution  of 
eyanuric  acid  is  mixed  with  a  hot  solution  of  neutnil,  or  better,  of  basic  acetyl te  of 
lead,  the  salt  then  sepamtttig  after  a  few  seconds  in  the  form  of  a  pulverulent  pre- 
cipitate. It  is  also  prodticed  when  recently  prccipit sited  carbonate  of  lead  is  lx)iled 
witJi  a  lai^e  excess  of  cyanuric  acid.  Id  the  mass,  it  exhibits  a  pale  yellowish  colour. 
Under  a  strong  magnifier,  it  is  seen  to  consist  of  transparent  prisnii*  with  obbquely  set 
terminal  ^oea^  often  umt«Mi  in  twitm  or  in  fem-bke  groups.     It  begins  to  give  off  water 
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at  340°  G. ;  but  the  last  poitioDfl  do  not  go  off  till  the  salt  is'raised  to  a  higher  tem« 
peratore,  at  which  also  ammonia  begins  to  escape.  When  still  more  strongljr  heated, 
It  leares  pure  protoxide  of  lead ;  when  heated  in  a  stream  of  hydrogen,  it  leaves 
metallic  lead,  a  large  quantity  of  cyanide  of  ammonium  being  formed  at  the  same  time 
together  with  nrea.    (Wohler.) 


Cfanurateo/MetkyU     See  Ctaotbic  Ethers. 
Cyanurate  of  Phenyl)     ^  ^i^nujiw.  xixaju». 


Cyanurates  of  Potassium, — The  monopotaasic  salt,  CyH'XO',  is  obtained  by 
mixing  a  boiling  saturated  solution  of  cyanuric  acid  with  a  quantity  of  potash  not 
sufficient  for  complete  neutralisation :  it  is  then  deposited  in  shming  cubes.  It  is  also 
precipitated  on  aading  acetic  or  nitric  acid  by  small  portions  to  a  strong  aqueous  solu- 
tion of  cjanate  of  potassium.  Campbell  (Ann.  Ch.  Farm,  xxviii  52)  prepares  it  by 
roasting  ferro<7aniae  of  potassium  in  an  open  vessel,  digesting  the  product  with  a  small 
qoanti^  of  water,  precipitating  the  cold  solution  with  hydrochloric  acid,  and  ciystal- 
ludng  the  precipitated  cyanurate  from  boiling  water.  It  is  sparingly  soluble  in  water, 
and  the  solution  has  an  acid  reaction^  1  at  of  this  salt  ignited  with  2  at.  hydrate  of 
potassium,  yields  3  at  cyanate:  Cy'H^O'  +  2KH0  »  3C^K0  +  2H'0  (Liebig). 
The  crystals,  when  fiised,  are  resolved,  without  bkckening,  into  cyanate  of  potassium 
and  cyanic  add  vapour,  which  condenses  as  cyamelide :  Cy'H'KO'  »  CyKO  +  2CyH0. 
(Liebig  and  Wonler.)  ^^ 

The  dipotassie  salt,  Cy'HEK)',  is  precipitated  on  adding  alcohol  to  a  solution  of  the 
preceding  salt  in  caustic  potash.  It  crystallises  in  white  needles :  its  solution  has  an 
add  reaction,  and  decomposes  after  some  time  into  potash  and  monopotassic  cyanurate. 
Acetic  add  added  to  the  solution  also  throws  down  the  monopotassic  salt,  so  likewise 
does  a  small  quantity  of  nitric  acid,  but  a  larger  quantity  precipitates  cyanuric  acid. 
The  dipotassie  salt  is  decoim)Osed  by  heat,  like  the  monopotassic  salt,  into  cyamelide 
and  cyanate  of  potassium:  CfEK*6*  «  2CyK0  +  CyHO.    (Liebig  and  Wohler.) 

Cyanurates  of  Silver. — The  diargentic  salt,  Cy*HAg*0',  is  obtained:— L  Bv 
addins;  recently  predpitated  carbonate  of  silver  to  a  boiling  solution  of  cyanuric  acid, 
in  su<£  proportion  as  not  to  saturate  it  completely.  —  2.  By  mixing  a  boiling  solution 
of  cyanuric  add  with  acetate  of  sodium,  and  adding  this  mixture  drop  by  drop  to  a 
dilute  boiling  solution  of  nitrate  of  silver,  in  such  proportion  as  to  leave  tne  latter  in 
excess  — otherwise  the  j)redpitate  will  be  mixed  with  an  insoluble  double  cyanurate  of 
■ilver  and  sodium. — 3.  By  adding  a  solution  of  cyanurate  of  ammonium  drop  by  drop 
to  a  boiling  solution  of  nitrate  of  silver,  the  latter  being  kept  in  excess. — 4.  By  mixing 
a  hot  solution  of  acetate  of  silver  with  a  boiling  solution  of  cyanuric  add.  This  last 
process  yields  the  purest  product  The  presence  of  free  acetic  acid  in  the  solution  of 
the  silver-salt  does  not  interfere  with  the  result,  as  cyanurate  of  silver  is  not  decom- 
posed by  acetic  add,  even  when  concentrated ;  but  it  is  completely  decomposed  by 
dilute  nitric  add,  and  is  consequently  not  predpitated  on  adding  cyanuric  acid  to 
nitrate  of  silver. 

Diaigentic  cyanurate  is  colourless,  ciystalline,  insoluble  in  water,  and  blackens 
when  exposed  to  light.  When  examined  by  the  microscope,  it  appears  to  be  composed 
of  tranroarent  riiombohedrons..  At  200^  C.  it  neither  loses  weight  nor  changes  colour ; 
at  a  higner  temperature,  it  acquires  a  cinnamon  colour,  but  does  not  diminish  in  weight 
bj  more  than  a  few  thousandths.  At  a  still  stronger  heat,  it  emits  a  strong  odour  of 
cjanie  add,  acquires  a  deep  violet  colour,  and  finally  leaves  a  residue  of  metallic  silver. 
In  an  atmosphere  of  hydrogen,  it  is  reduced  to  an  argentous  salt,  even  at  100^  C.  It 
dissolves  in  nitric  add,  but  is  decomposed  at  the  same  time,  yielding  free  cyanuric 
add.    (Wohler.) 

The  triargentic  salt,  Cy*Ag»0*,  is  obtained  by  adding  nitrate  of  silver  to  a  boilinff 
iolation  of  ^anuric  add  in  excess  of  ammonia,  boiling  the  precipitate  with  the  liquid 
fiv  a  quarter  of  an  hour,  then  filtering,  and  washing  with  hot  water.    (Liebig.) 

It  is  snow-white,  and  does  not  blacken  when  exposed  to  light ;  the  microscope  shows 
it  to  oonsist  of  small  prisms.  It  is  insoluble  in  water,  very  slightly  soluble  in  dilute 
utrie  add.  When  &ed  at  lOO^'C.  it  retains  1^  at.  water  (2Cy'Ag*0*  +  aq.),  which 
it  appears  to  retain  till  heated  to  300°  C.  The  anhydrous  islt  absorbs  water  greedily 
ftom  the  air. 

According  to  Wohler,  the  salt  gives  off'ammonia  when  heated,  partly  below  100°  C, 
but  the  greater  part  between  100°  and  300°  C. ;  also  when  digested  with  potash ; 
benoe  Wohler  rappoees  that  the  precipitated  salt  consists  of  Cy*Ag»0'.NH«  +  i  aq. 
Aeeording  to  Bebos,  however,  potaish  does  not  eliminate  ammonia  fi^om  it^  except  at  a 
mr  hig^  temperature. 

Cyomu^Ue  qf  Argmtammonium,  CfU{^WIk%yG*,  is  obtained  by  digesting  diar- 

1  ejannrate  with  caustic  ammonia,  whereby  it  is  altered  in  appearaaoe,  bnt  doef 
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not  dlBSolre*  The  product  begma  to  g^ve  off  timmonm  at  60^  C,  and!  between  200" 
and  3(M)®,  is  completely  reduced  to  diargentic  cyanurate. 

CyanuraUs  of  Silver  and  Amnwnium.  — The  liquid  filtt'ivd  from  the  pre(!ipitat«  of 
triargentic  cjanunitc  obtained  as  above,  deposit^  on  cooling,  a  white  powder  consisting 

of  Cy*  ^   .J  J  0*  +  H-0,  which  may  be  wasbcd  and  dried  at  tlio  temperature  of  the 

air.*  The  same  salt  is  obtained  by  boiling  together  the  solutions  of  nitrate  of  silTer 
and  cyanurate  of  ammoniuin.  It  cryatallisefl  in  very  slender  microscopic  prisms.  It 
gires  off  ammonia  when  treat-cd  with  potuah,  alao  when  heated  to  a  temperature  below 
100°  C,  Heat^'d  for  two  hours  to  250*^  C,  it  gives  off  ammonia  and  water,  and  leaves 
the  aalt  Cj*[H'(NH*)Ag']0*^  which,  at  a  etronger  heat,  assumes  a  violet  colouf  tind 
fumes  strongly.  Wobler  likewise  obtained  another  siilt,  which,  after  drj'iiig  over 
sulphuric  acid,  contained  41*4  p,  c.  silver.  It  was  soluhle  in  hot  dilute  ammonia,  and 
separated  therefrom  on  cooling, 

CifanuraU  of  Silver  und  Lead^  Cy'Ag'PbO*  +  aq. — When  cyanurate  of  lead  is  boiled 
with  a  large  excess  of  nitrate  of  silver^  tiJI  its  appearance  is  quite  altered,  a  filtrate  is 
obtained,  containing  a  large  proportioa  of  lead,  the  double  salt  remaining  on  the  filter. 
The  latter,  after  d^ing  at  100°  C,  yields,  when  reduced  by  hydrogen,  69'64  p.  c  of 
an  alloy  consisting  of  45  94  p,  c.  silver,  and  23*70  lead.     (Wohler.) 

Ct/imtiniU  of  Silvt-r  and  Potassium.  —  Diargentic  cyanurate  boiled  with  caustic 
potjLsh  is  not  decomposed^  hut  takes  up  potasaiumj  forming  ii  double  salt  which  melts 
and  decomposes  when  heated,  leaving  a  residue  of  cyanate  and  carhoiiate  of  potassium, 
together  with  (iO  p.  c.  silver.  The  salt  Cy*Ag^KO*  should  leave  65  p.  c  silver:  the 
product  probably  contained  unaltered  diargentic  cyanurate*     (Wohler.) 

Cjf  anurate  of  Sodium, - — UnciTStallisable,  very  soluble  in  vat er» 

Cyanurnie  of  tTrea  f — By  dissolving  cyanuric  acid  in  a  boiling  saturated  solntioa 
of  urea,  and  cooling  the  lii^uid,  delicnte  needles  are  obtained,  (Kodweiss,  Pogg, 
Ann.  six.  11.) 

CTiLmrRZC  mTMWMB^     (Wttrtz,  Compt.  rend.  nvi.  368;  xatvii.  841;  Ann. 

Ch.  riivs.  m  ilii.  43  ;  l  120.  Limpricht,  Ann.  Ch.  Phtirm,  lixiv.  208.  Limpricht 
and  Habi  c  h,  i^nd.  cv.  395.  Ger  hardt,  Compt.  chim.  1850,  p.  391.)— Three  of  these 
compounds  ai^  known,  analogous  in  composition  to  the  tpimetiiUio  cj-anuratcs,  and  one 
analogoos  to  the  dimetallic  cyanumtes.  They  are  crystalline  solids  which  distil  without 
decomposition,  and  r^act  with  alkidifl  in  the  same  xmuiner  aa  the  cyanic  ethers,  yielding 
an  alkaline  ct^bona&e  and  an  amine. 

CrA>rt]&A.TBS  ofEtutl. — a,  Tritthytie  Cyanurate.  Neutral  Cyanuric  ether^ 

C»N'Hi*0»  -  /(^^vijO*,  or  Triithyl'tricurhonyUriamidf,  N«J|>^i*  — This  com- 
pound, discovered  by  Wurtx,  is  obtained  by  distillmg  a  mixture  of  ethylsulpliate  and 
eyanate  or  cyanumte  of  potassium ;  or  by  beating  eyanato  of  silver,  either  neutral  or 
Bcid,  with  iodide  of  ethyl  to  120°  C,  and  lastly,  by  inole<nilar  transformation  of  the 
cy&natfl  in  contact  with  triethylphospbifie.  (Hofmann,  Chem.  Soc.  Qu,  J,  xiiL 
322.) 

When  a  mixture  of  equal  parts  of  ethyl^nlphate .  of  potassium  and  dipotas^ic 
(^anurate  (p^  291)  is  heated  in  a  retort,  cyanurate  of  ethyl  distils  over»  together  with 
carbonate  of  ammonium,  ethylamine,  cyanide  of  ethyl,  and  other  secondary  products,  and 
condenses  in  the  neck  of  the  retort  and  in  the  receiver,  as  a  crystalline  mass,  which 
may  be  purified  by  repeated  crystallisation  from  dilute  alcohol. — On  distilling  the 
ethylsulphate  with  cyanaU  of  potaseitim,  an  acrid  liquid  distillate  is  obtained,  consist- 
ing of  cyanurate  and  eyanate  of  ethyl  (p*  195).  Th©  latter,  which  is  very  volatile,  may 
be  distilled  off  at  60^  C,,  and  the  crystalline  cyanurate  which  remains  may  be  ptirifle<i 
by  recrystuUisation  from  alcohol  This  process,  according  to  Wurtz,  is  easier  than  tbe 
former. 

Triethylic  cyanurate  crystallises  in  trimetric  combinations,  ooP  .  estao  .  Poo  ,  In- 
clination of  ooP  :  QoP  s=  'l23<= ;  Poo  :  Poo  over  the  principal  axis  =  93 '5°.  Ratio  of 
axes,  ai  h:  c  =  0  4877  :  1  :  0-9407.  It  melts  at  95^  C,  to  a  colourless  liquid  heavier 
than  "Water,  volatilises  easily  with  vapour  of  water^  and  boils  without  decomposition  at 
23d^  0.  Vapour-density,  obs.  =  7'4 ;  calc.  ^2  vol)  =  7  37.  It  is  slightly  soluble  in 
ftater,  easily  in  alcohol  and  ether.  The  w>lutionB  are  perfectly  neutraL  From  the  cold 
alcoholic  solution^  it  is  precipitated  in  the  crystalline  form  by  water, 

Triethylic  cyanurate  dissolves  easily  and  without  decomposition  in  adds,  even  in  hot 
concentrated  nitric  acid.    It  is  not  altered  by  beating  with  pentacbloride  of  pbos- 

•  ,!.yL^'*lI*T;.r?I?"*''"f  ^>f*^"j'*^,*i^^  *'  dJhaiJc.  MTP  for  thii  mU  tbt  foroiuli;  %AgO*C^}PB(^-¥ 
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phonzB.  It  10  decomposed  by  boiling  with  alkalis,  the  ultimate  products  of  the  reaction 
being  ethylamine  and  a  carbonate  of  the  alkali-metal : 

At«'-i:!o'-3(f,jo).3(Oi;jH) 

Trietbylic  Hydrate  of      Carbonate  of  p»i,„u«.j«- 

cyanurale.         poUuium.        potaaiium.  Ethylamine. 

Intermediate  products  are,  howeyer,  formed,  which  are  obtained  in  the  greatetit  degree 
of  pnrity  by  heating  the  cyanuric  ether  with  baryta- water.  Carbonate  of  barium  then 
separates,  and  on  removing  the  excess  of  baryta  from  the  solution  by  means  of  carbonic 
acid,  there  remains  a  liquid  sparingly  soluble  in  water,  easily  in  alcohol  and  ether,  and 
composed  of  C*H"NW.    (Limpricht  and  Habich.) 

C»H'»N»0«  +  2BaH0  «  Ba«CO«  +  C«H>'N»0». 

This  body  heated  to  170<* — 200^0.  is  resolved  into  cyanate  of  ethyl  and  diethyl- 
carbamide,  the  latter  distilling  over  at  250°. 

a^m*0*  «  C»H»NO  +  C»H»«NK). 

Cyanate  of  Diethyl- 

ethyl.  carbuaide. 

Cyanurate  (and  sometimes  also  cyanate,  p.  196)  of  ethyl,  heated  with  dry  ethyUOe 
of  todiumj  yields,  together  with  ethylene,  a  distillate  containing  alcohol,  ethylamine^ 
and  hydrate  of  triethyl-carbotriamine,  C'H»»N«0  -  N«[C«\(C«H*)».&*].H«0 
(Hoffma  nn,  Compt  rend,  lii  1290).  The  formation  of  this  compound  may  be  repre- 
sented by  the  equation, 

C»H»»N»0»  +  4(C«H»Na.O)  -  2NaK:0«  +  4C»H*  +  C'H^N'O. 
The  formation  of  Limpricht*s  compound,  C*H'^'0',  of  hydrate  of  triethylcarbotriamine^ 
and  of  ethylamine  (3  at.)  from,  triethylic  cyanurate,  may  be  supposed  to  take  place  by 
the  successive  subtraction  of  CO*  and  addition  of  H'O. 

Tetrachloro-trieikylic  Cyanurate,  C"H"C1*N*0*,  is  produced,  with  elimination  of 
hydrochloric  acid,  when  triethylic  cyanurate  is  heated  to  160°  C.  in  dry  chlorine  eas. 
It  is  a  hard  solid  body,  perfectly  transparent,  but  rarely  crystalline ;  melts  to  a  mobile 
liquid  when  heated ;  and  may  be  distilled  without  decomposition.  Its  alcoholic  solu- 
tion mixed  with  alcoholic  potash,  even  in  the  cold,  yields  chloride  and  carbonate  of 
potassium,  together  with  the  compound  C*H*'CPN'0^  which,  when  the  excess  of  alcohol 
has  been  removed  by  evaporation,  remains  as  a  viscid  mass.  (Limpricht  and 
Habich.) 

Die  thy  lie    Cyanurate,    Diethylcyanuric   acid,  Cyanuric    ether,    C^'*N"0*  ■« 

H  rd'H*^*!  ^  *  ^'  JHethyl'tricarhonyl-triamide  «  ^  f C*H*')»  ( ^*  — "^^  compound  is 
obtained,  together  with  the  preceding,  by  distilling  a  mixture  of  cyanurate  and  ethyl- 
sulphate  of  potassium.  It  passes  over  when  the  heat  is  raised,  towards  the  end  of  the 
distillation,  and  remains  in  the  mother-liquor  after  the  triethylic  cyanurate  has  crystal- 
lised out ;  but  on  evaporating  this  mother-liquor  to  dryness,  boiling  the  residue  with 
baryta-water  as  long  as  volatile  bases  are  given  off,  removing  the  baryta  with  sul- 
phuric add,  and  leaving  the  filtrate  to  evaporate,  the  diethylic  cyanurate  separates  in 
crystals  (Limpricht). — ^Wurtz  obtained  this  compound  in  the  preparation  of  diethyl- 
carbamide. 

Diethylic  cyanurate  crystallises  from  alcohol  in  rhombohedrons,  or  in  six-sided 
prisms  with  rhombohedral  summits.  It  melts  at  173°  C,  and  voktilises  without  de- 
composition at  higher  temperatures.  It  is  easily  soluble  in  alcohol,  ether,  and  hot  water, 
the  aqueous  solution  having  an  acid  reaction.  It  dissolves  readily  also  in  alkalis,  but 
does  not  form  definite  salts  with  them.  It  does  not  alter  in  weieht  when  immersed 
either  in  ammonia  or  in  hydrochloric  acid  gas.  When  heated  with  potash,  it  gives  off 
ethylamine  and  ammonia.  Baryta-water  decomposes  it  in  like  manner  at  a  temperatora 
above  \(^  C. 

Jhethyleyanurate  of  Silver,  C'H"A^NK)«,  is  precipitated  in  white  needles  on  mixing 
an  ammoniacal  solution  of  the  acid  with  nitrate  of  wlver.  Diethyl-eyanurates  ofmtr- 
curosuTn,  eupricum,  and  Uad,  are  obtained  in  like  manner.  The  lead-salt  distilled  with 
ethylfulphate  of  potassium,  yields  triethylic  cyanurate.    (Limpricht  and  Habich.) 

Ctanubatb  o»  Mbthtl,  C^«H»0»«,Q^^|o»,or2Wm«%^<n<«r6wy/^^ 
(Oa^l^-    ^P^I*^  ^®  triethyHc  cyanurate,  by  distilling  methyl-sulphate   of 
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potassium  with  cyanurate  or  cjanato  of  potASKium,  and  ptmfied  by  cry^talHsation  from 
iileolioL  It  is  likewise  formed  by  molecular  transformation  of  methjlic  cjanat*  when 
kept  in  ««aled  tubes.  It  forms  Bmall,  colonrlcBs,  opaque  priymi!*  wbich  melt  at  176°^ 
1 76^*0.,  and  boil  at  274*^  (higher  tbao  the  ethyl-compound )»  It  is  iasoluble  in  cold 
water,  alightiy  soluble  in  hot  water,  easOj  in  alcohoL  YapoaT-density  (obs«)  »  S'&S 
(crI»  3  ToL  ==  6^4}.— Boiled  inthpoiash^  it  yields  methykmine.    (Wurtz.) 

Ctakubatb  of  Phbkyl,  C^H»N'0*  =  Cy»(C"H')'0'.  Produc<?d  by  molcmlm' 
transformation  of  the  cyanate  (p.  107),  in  contact  with  triethylphosphine.  Tb^  mix- 
ture on  cooling  8olidifi**s  to  a  mass  of  shining  crystals,  which  are  insolnble  in  water^ 
nearly  insoluble  in  ether,  and  dissolve  with  difficulty  in  alcohol,  CTen  at  the  boOing 
heat.     (Hofmann,  Chem.  Sec  Qu.  J.  xiii.  322.) 

CTJLWUMm^  Thin  name  is  applied  to  a  pathological  blue  deposit,  sometimes 
found  in  urino  (g.  ik) 

GTiLinx.  This  name  is  applied  by  Boutin  {Compt  rend,  x.  452 ;  xL  820)  to  a 
product  which  he  obtained,  togiether  with  aloetic,  chrysammic,  and  picric  acids,  by 
oxidising  aloes  with  nitric  acid.  He  describes  it  as  a  colourless  Hquid,  smelliog  like 
prussic  acid,  insoluble  in  water,  heavier  than  water,  distilling  without  decomposition 
at  a  high  tempera  tare,  and  very  poisonens. 

CT&lTTl^O  AO».  CWH"0».  (Lie big,  Ann,  Ch.  Phann,  x.  Z2.)  An  add 
ifiomeric  with  cyaniiric  acid.  It  is  obtained  by  disaolving  mellone  in  boiling  nitric 
acid,  either  dilute  or  concentrated,  leaving  the  solution  to  cool  till  it  eryatallisea,  free- 
ing the  crystals  from  nitric  acid  by  cold  water,  and  then  recrystallising  from  hot  water, 
Cyannric  acid  is  often  mixed  with  the  product,  but  Jilways  crystallises  out  first. 

The  acid  crystallises  in  combination  with  wiitx;r^  in  long,  transparentf  colourless, 
rhombic  prisms,  or  in  broad  laminae  haring  a  pearly  lustre. 

The  cjystttlB  efflor^ee  when  exposed  to  the  air.  The  acid,  like  cyanmc  &md^  vola- 
tilises in  the  fonn  of  cyanic  acid  when  heated.— By  solution  in  strong  sulphuric  acid, 
and  precipitation  by  water^  it  is  converted  into  cyanuric  acid,  and  no  ionger  exhibits 
the  pearly  lustre  above  mentioned,  after  crystaUisation  from  water.  It  dissolres  in 
mnter  somewhat  more  readily  than  cyanuric  acid;  and  the  hot  saturated  aqueous  so* 
In t ion  solidifies  almost  wholly  in  a  laminat-iid  mass  on  cooling. 

All  the  O^anphtes^  e.  g.  thoHC  of  tlie  tbted  alkali-metals  and  alkaline -earth -metals, 
are  completely  decomposed  by  the  stronger  acids,  so  that  as  the  lifjuid  coob,  the 
cyanylic  aeid  crrstallises  out  in  the  free  state. 

Cyanylic  add  neutralised  with  aiBmonia,  forms  with  nitrate  of  silver  a  while, 
tumefled  precipitate,  which  after  drying  m  piilverulent»  amorphous,  and  contains  46'36 
per  cent,  of  silver;  but  the  precipit^ite  obtained  with  cyauylate  of  potasaiam  has  the 
composition  of  cjanurate  of  silver,  probably  because  the  potash  converts  the  cyanylic 
acid  into  cvanuric. 


CTCXiJLimiir  SITROFJEVBL  Sow-brrad. — A  small  plant  of  the  primulaeeons 
order,  forming  flat  round  tubers,  which,  in  addition  to  the  ordinary  constituents  of 
plants,  contain,  according  to  Suladin,  arthanitin  (i.  412),  according  to  De  Lnca, 
cyclamin  and  mannite.  The  juice  of  the  tubers  is  harmless  to  most  animals, 
though  small  fii+hes  die  when  immersed  in  water  containing  onl^  g^  to  ^^  of  it ;  but 
when  introduced  into  the  blood  it  acts  as  a  pi^werful  poison,  like  curara,  only  not  so 
Btrongly  (Bernard) ;  bromine  is  found  to  be  an  antidote  to  it,,  as  well  as  to  curara. 

CTC£AJlfiZir»  A  non-riEotiEed  glucoside,  extracted  from  the  tubers  of  Cyclamen 
citropmum,  ami  constituting  the  poisonous  principle  of  that  plants  Sal  a  din  (J,  Chim. 
med.  vi.  417)  obtained  from  Uadicts  arthanitte^  the  officinal  rooti  of  Ci^lumen  euro* 
jimtm,  an  impure  substance  called  arthanitin  or  cydamin  {i.  412),  but  the  substance 
to  which  the  latter  name  is  now  applied  was  first  prepared  by  De  Luc  a  (Cim^nt& 
nmvo,  T.  225  ;  viii.  182)  and  Marti  us  (Buchner*s  N.  Report.  [1859]  riii.  388). 

Prrparation. — ^The  tubers,  cleansed  and  cut  in  pieces,  are  macerated  for  about  six 
weeks  with  rather  less  than  their  own  weight  of  rectified  spirit,  in  the  dark  and  in  a 
cool  place,  then  pressed ;  the  residue  again  treated  for  about  a  month  with  a  some- 
what smaller  quantity  of  alcohol ;  and  the  second  residue  again  submitted  to  the 
(iame  treatment.  On  filtering  off  the  alcoholic  liquid,  a  gelatinous  substance  remaina, 
which  is  to  be  evaporated  over  the  water-bath  in  the  dark,  and  then  exhausted  with 
alcohoL  The  filtered  solution  left  to  evaporate  in  the  dark,  leaves  cyclamin  in  small 
amorphous  lumps,  which  may  be  washed  with  cold  alcohol  and  dissolved  in  boiling 
alcohol ;  the  solution  on  cooling  deposits  cyclamin* 

Properties, — Cyclamin  is  a  white,  amorphous,  nentra],  inodorous  substance,  prodndng, 
alter  a  short  time,  a  very  irritating  sensation  in  the  throat-  It  tuma  brown  when  ex- 
posed to  light,  absorbs  water  from  moist  air  to  the  amount  of  about  half  its  weight, 
•nd  awells  up.     In  contact  with  cold  water,  it  is  converted  into  a  translucent  glutinoui 
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sabstenee,  whidi  dinolTes  slowly,  forming  a  liquid  which  has  a  alight  optical  Isero- 
rotatoiy  power,  froths  when  agitated,  and  coagulatefl  like  white  of  egg  at  60^ — 75^  C. ; 
the  eoagulnm  rediasolTes  when  left  for  some  days  in  the  cold,  andis  zeprodnced  on 
heating. 

The  foimnla  of  ovelamin  is  not  yet  fixed.  De  Lnca  deduces  from  his  own  analysis 
the  empirical  formiua  nCH^O ;  Martins,  from  Klinger^s  analysis,  calculates  the  for- 
muU  C^H'^O".* 

Calculation.  ADalytet. 


C»HH) 

C»H««0'« 

X>e  Luca.  Klinger. 

Carbon 

.    64-6 

66-2 

64-6        65-2 

Hydrogen     . 

.      91 

7-8 

91          7-8 

Oxygen 

.     86-4 

370 

36-4        87-0 

1000       1000  1000       1000 

Cydamin  dissolres  readily  in  alcohol  at  a  gentle  heat,  and  separates  asain  in  the 
amorphous  state  on  cooling  or  evaporation ;  it  is  insoluble  in  wood-spint,  glycerin, 
ether,  chlorodS^rm,  sulphide  of  carbon,  yolatile  oils,  and  alkalis. 

A  solution  of  cyclamin  exposed  to  light  in  a  sealed  tube,  deposits  a  white  amorphous 
substance,  which  redissolves  at  a  moderate  heat.  Moist  cyclamin  produces  a  large 
crop  of  cryptogamous  plants,  among  which  is  a  new  alga,  HygrocrocU  Cydaminm. 

The  aqueous  solution  of  ^clamin  absorbs  chlorine  and  bromine^  and  is  coagulated 
thereby  without  colour ;  neither  is  it  coloured  by  iodine.  Hydrochloric  acid  dissolres 
it  in  the  cold,  and  coagulates  it  at  about  80^  C.  with  formation  of  sugar.  Strong  sul- 
phuric  acid  forms  with  it  a  yellow  liquid,  which  turns  violet  after  a  while,  and  yields 
a  white  precipitate  witli  water.  Acetic  acid  dissolves  it  in  the  cold,  and  does  not 
coagulate  it  when  heated.  Nitric  acid  decomposes  it  in  the  cold,  and  more  quickly 
when  heated,  forming  acid  products  which  have  not  been  examined.  Fused  with 
hydrate  o/votassium,  it  gives  off  hydrogen  and  forms  a  peculiar  sparingly  soluble  acid. 
Cyclamin  aoes  not  reduce  an  alkaline  solution  of  cupric  tartrate.  It  does  not  ferment 
with  yeaet.  Synaptase  at  30^ — 36°  C.  decomposes  it,  forming  a  solution  which  con- 
tains anon-fermentable  sugar  (De  Luca).  According  to  Martins,  cyclamin  boiled 
with*dilnte  acids  takes  up  water  and  is  converted  into  glucose  and  cy  clam  ire  tin,  a 
body  not  examined: 

C»H»4oi«  +  2HK)  «  C«H"0«  +  C»«H»0«. 


CTCXJLBKZBSmr.    See  above. 

CTCZiOPZTB.  A  felspathic  mineral,  discovered  by  Waltershausen  in  the  dole- 
rite  of  a  cyclopian  rock,  near  Catania.  It  forms  very  small,  white,  translucent^  lozenge- 
shaped  pnsms  belonging  to  the  trimetric  system,  the  form  of  which  closely  resembles 
that  of  Anorthite  and  I^brador.    The  mean  of  two  analyses  gave : — 

SiO»     A1«0«     Fe«0«     CaK)      Mg«0      Na«0     K«0     HK) 

41-45     29*83       2*20       20  83       0-66        232       1*71      1'91  -  10090; 

leading  to  the  formuhi3(2MK).SiO*)  +  2(2 Al*0».3SiO»)  or  3  A/'0.@iO»  +  2(^/»0".@iO") 
(Jahresber.  d.  Chem.  1863,  p.  811).  If  in  the  first  formula  (M"Al"Si»0»«)  we  sub- 
stitute a/  B  I  Al,  it  becomes  3M*arai*0"  which  is  reducible  to  that  of  an  orthosilicate, 
B*SiO*. 

omilMM  or  <miO&.  (?*B}*  «  C"H".H.  Cymin,  Camphogm,  Hydride  of 
Cymyl  or  ThymyL — A  hydrocarbon  discovered  in  1840  by  Gerhardt  and  Cahonrs 
(Ann.  Ch.  lliys.  [3]  i  102,  372 ;  Ann.  Ch.  Pharm.  xxxviiL  101,  846).  It  occurs, 
together  with  hydnde  of  cumyl,  in  the  volatile  oil  of  Roman  cumin,  obtained  from  Otfmi- 
num  Cymtntim  (Gerhardt  and  C  ah  ours) ;  in  the  seed  of  the  water-hendock,  Cieuta 
viroea  (Trapp,  Ann.  Ch.  Pharm.  cviii;  386) ;  in  oil  of  thyme  (Lallemand,  Ann.  Ch. 
Phys.  [3]  xhx.  166) ;  and,  according  to  Haines  (Chem.  Soc  Qu.  J.  viiL  289),  in  the 
volatile  oil  of  Ptychotia  4;owan ;  according  to  Stenhouse,  however,  this  oil  contains,  not 
cymene,  but  a  camphene,  C^TP*, 

Formation. — By  the  dehydration  of  common  camphor  with  phosphoric  anhydride 
(Delalande^  Aim.  Ch.  Phys.  [3]  i  868)  or  with  chloride  of  zinc  (Gerhardt) : 

C"H'«0  -  C>«H"  +  H«0. 
Camphor.       Cymene. 

S.  By  th«  aetion  of  hydrate  of  potassium  on  eymylie  aleohol  (Kraut,  DiseeriaHon 
iibtr  Ouminol  umd  Oymen,  GK>ttingen,  1864). — 8.  By  the  action  of  iodine  or  nitric  acid 
^     "  (Hirsel,  Zeitschr.  Pharm.  1864,  pp.  28,  67 ;  1866,  pp.  84,  181 ;  M6 

•  In  Ifvtiat*  paper  the  formula  U  C*»RMOi%  probsbly  a  mltprint. 


296 


CYMENK 


niso  "Wobmsbud-oil).— i.  By  the  dry  dijstillntion  of  ccalt  pas«inpf  over,  partly  in  the 
lighterf  but  more  abundajitly  in  the  heavy  oil  of  coiil-tar.  The  lattor  yields  it  by  rex^ 
tillcatioii  between  170^  and  1S0«>  C.  (Mansfield,  Chem,  8oc.  Qu.  J.  i.  244).— 6.  By 
treating  caouiehm  or  ifil  of  iurpentint  with  bromine  and  sodium  alternately  (Gr. 
Williams,  Phil.  Miig.  [4]  xxxii.  15). —  B.  By  the  action  of  moist  earhonic  acid  gas  at 

11  re«l  heat  on  oil  of  turptntine,  an  oil  ia  produced  having  the  compoaition  of  cymono 
(Deville,  Ann.  Ch.  Phys.  [2]  Ixxv.  66): 

C"H*«  +  co»  =-  c'"ir^  +  ir-0  +  co, 

7.  (HI  of  wormwood  distilled  with  pho#iphoric  anhydride  and  then  with  potassiuni 
yields  an  oil  iBomeric.  if  not  identieal,  with  eymene. 

Preparation, — L  Fr&iii  oil  of  Roman  cumin. — Wlien  thi«  oil,  whieh  ift  a  mixtnr©  of 
cymene  and  hydride  of  cumyl  (p.  t82)i  ia  distilled,  the  <^ene  passes  over  first.  It 
cannot,  howev<^r;  be  obtained  qnite  pure  hy  simple  diatdlation,  u&  a  portion  of  the 
hydride  of  eumyl  always  passes  over  with  it ;  the  separsition  may,  however,  he  effected 
by  rectifying  the  first  portiona  of  the  distillate  with  melting  potash,  which  takes  np 
the  hydride  of  cumyl,  converting  it  into  cuminnte  of  potaasiniiif  and  allows  the  cymenei 
to  piisa  over  free  (No ad,  Phil.  Mag.  [3]  xxiil.  15).  A  better  mode  of  separation  iei 
to  shake  np  the  oil  with  a  sirong  solntion  of  acid  sulphit*  of  potassium  or  sodium, 
which  unitea  with  the  hydride  of  enrayl,  fonuing  a  crystiklline  componnd  and  leaves 
the  cymene  free  (Kraut,  Bertagnini).  Noad  obtained  7  ox.  of  cymcne  ftom  1  ib» 
of  oil  of  cumin.— 2.  In  like  manner  c^Tuene  may  be  obtained  from  the  oil  of  watcr- 
hfmlock  srtd,  by  separating  the  hydriJe  of  cumyl  by  means  of  acid  sulphite  of  sodium, 
pressing  the  oily  residue,  and  distilling. —  3.  From  camphor ^  it  is  obtained  by  distillation 
with  phosphoric  anhydride,  or  better,  with  fueed  chloride  of  rine.  A  few  pieces  of  this 
snhstance  are  phiced  in  a  capacious  retort,  and  heated  till  they  melt  into  a  pasty  mass;. 
Tlie  camphor  is  then  added  by  email  portions,  whereupon  the  mixture  swells  up  and 
blackens,  and  ft  liquid  piloses  over  eontiiining  a  considerable  quantity  of  camphor,  from 
which  it  may  be  freest  by  a  fresh  distillation  over  chloride  of  zinc*  This  process  yields 
a  conKiderahlo  quantity  of  cymene  with  the  use  of  a  comparatively  smsJl  quantity  of 
chloride  of  rinc. 

Prflpf r^i>^.— Colaurless  strongly  refracting  liquid,  having  a  very  agreeable  odour 
of  lemons  ;  that  which  is  prepared  from  camphor  has  a  somewhat  eamphorons  odour. 
Specific  gravity  =  0  867  at  le'^C.  (Noad);  0  861  at  U^C.  (Gerhardt);  0-8678  at 

12  C,  and  0  8778  at  O*'  C.  (Kopp).  It  boils  at  171  5°  0,  (Noad) ;  175^  U  (Ger- 
hardt  and  Cahours) ;  177*5*'  C.  (Kopp).  Vi^pour-density  4'd&  to  4*70  (Gerhardt 
and  Gabon rs),  by  calculation  (2  voL)  »  4*64.  It  is  permanent  in  the  air,  insoluble 
in  tcattr,  but  dissolves  readily  in  alcohoi,  ether,  and  oils,  both  fixed  and  volatile. 

Brcomposi'tirmg.-  -1.  Cymene  is  not  attacked  by  strong  sulphuric  add  in  the  eold, 
but  fuming  sulphuric  acid  di.ssolves  it,  prnflucing  eymyl-sulpburous  acid,  S0\C'*H"J1. 
•^2*  Nitric  acid  of  ordinary  strength  does  not  attack  it  in  the  cold;  but  on  heating 
the  mixture,  red  vapours  are  evolved,  and  the  cymene  ia  ultimately  converted  into 
toluylie,  and  ultimately  into  nitrotolnylic  acid*  With  filming  nitric  acid  the  action  is 
very  violent,  and  a  yellow  resin  is  formed  at  the  same  time(Gerhardt  and  Cahonrs). 
If  the  nitric  acid  and  the  cymene  are  carefully  cooled  by  immersion  in  a  raixture  of 
ice  and  salt,  and  the  cold  cymene  is  then  added  by  drops  to  the  nitric  acid,  mtroeymmet 
C^*H"(NO*)  is  produced  (Barlow).*  A  mirtnro  of  snlphuric  and  nitric  acid  converts 
it,  with  aid  of  heat,  into  dinitrocymene,  C'**H'*(NO*)*  (Kraut,  Ann.  Ch,  Pharm,  xcii. 
70). —  3.  Caustic  potash  has  no  action  on  cymene. — 4*  Chlorine  and  bronuHe  attack  it 
in  the  cold,  forming  chlorinated  and  brominated  compounds  which  are  decompooed  by 
distillation  (Gerhardt  and  Cahonrs.— d.  Chromic  odd  converts  it  into  insolinic 
acid,  C*H'0*  (Hofmann,  Ann.  Ch.  Pharm.  xcvii.  197): 

C'*H'*  +  O*  -=  C'H>0<  +  CO*  +  SH'O. 

Derivaiitfes  of  Cymene, 

KiraacTKXKE.  CTI'*NO'.  Wiipn  cymene  cooled  by  a  freedng  mixture  is  eantioiuly 
dropped  into  nitric  acid  likewise  cooled,  the  mixture  first  turns  brown,  then  green,  and 
at  length  acquires  the  ci^nsistence  of  cream  ;  and  by  washing  it  with  water,  and  after- 
wartls  with  dllnto  carbonate  of  sodium,  nitrocymenc  is  obtained  as  a  reddish- brown, 
oily  Hquid,  heaTier  than  water.    It  is  not  altered  by  contact  with  the  air,  but  when 


•  Tn  the  prppuratloo  <*f  cymrlamlne  hy  Ihc  action  of  ferroui  wetnte  on  oJtrn<Trrin*n»  fp,  SST)* 
BurLnw  likrwiAf  ahtadnt^  an  oil  iD»<9hibl«»  in  hfdr«!hloric  ?rid,and<'Khrt]ilLlnj(:,  ari«T  r4?pr<tt<>d  dlitULiiion, 
the  romfKultimi  »nti  boffinjt  n«int  (17f»'=)  of  cjinenf*  tt  diflTti-Ffd  how^rer  Irom  ordlnarj  cjm^no  In  thU 
rvipcct,  that  tbt;  nHro-rymeaf!  obtitlntd  frmn  it  bf  the  «ctlun  of  nHric  «cLd  fiD«t«d  oa  tritter.  wh<rre*f 
ordlnar;  nttrcx'^'mr'nff  u  besTler  than  wttfr.  For  iliit  rraion  Barlow  dlitmgiHihrs  th«  cymrne  and 
iiltrocTi«ien«  ihut-  cAiUincd  a«  *-c|meDe  aud  ^-altrocjineQe.  Further  InrutiglMlaii  Is  howwer  reqtllrtd 
ta  e>labll«ti  the  dif  ttnrtfoa. 
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distilled  it  yields  an  oil  which  floats  on  water.  '  By  the  action  of  ferrous  acetate  it  is 
converted  into  cymylamine.    (Barlow,  Ann.  Ch.  Pharro.  xcviii.  246.) 

DnoTBOCTiCBNB.  C'*H*«(NO«)».  When  cymene  is  added  drop  by  drop  to  a  mixture 
of  2  pts.  strong  solphnric  acid  and  1  pt.  fuming  nitric  acid  heated  to  about  60^  C,  and 
water  added  after  the  mixture  has  been  left  to  itself  for  an  hour  or  two,  a  liquid  is  deposited 
which  solidiflesafter  a  while;  and  on  dissolving  this  product  in  boiling  alcohol,  the 
undystidlisable  portion  is  de^sited  on  cooling,  and  dinitrocymene  crystallises  out  on 
evaporation.  It  forms  rhombic,  iridescent  tablets,  melting  at  54^  C,  soluble  in  alcohol 
and  ether,  insoluble  in  water.  From  saturated  solutions,  it  is  deposited  as  an  oiL 
When  heated  in  the  air,  it  decomposes  with  deflagration,  leaving  a  residue  of  charcoal, 
(Kraut,  Ann.  Ch.  Pharm.  xciL  70.) 


CTMOnnB,  BSOBKZBB  OV.  C'*H"Br<  or  perhaps  C*'H>'Br.HBr.  When  cymene 
is  mixed  with  water  and  bromine  till  the  colour  of  the  latter  disappears,  and  the  pro- 
duct is  washed  with  soda-solution  and  with  water,  bromide  of  cymene  is  obtained,  as  a 
transparent,  colourless,  oily  li<|uid,  insoluble  in  water,  and  but  slightly  soluble  in  alcohoL 
It  turas  yellow  by  keeping,  giving  off  hydrobromic  acid.  It  cannot  be  distilled  with- 
out decomposition.  When  boiled  with  alcoholic  potash,  it  yields  a  colourless  oil,  very 
much  like  cymene;  perhaps  C^'H*'.     (Sieveking,  Ann.  Ch.  Pharm.  xcviii.  245.) 

CTMOnnB,  CBXiOSZDB  or.  C*'Hi*CP  or  perhaps  C^'H^CLHCl.  Obtained  by 
passing  chlorine  gas  into  water  on  which  cymene  floats.  It  resembles  the  bromide. 
Fuming  sulphuric  add  decomposes  it,  with  evolution  of  hydrochloric  add,  forming  a 
red-brown  mass,  which  when  diluted  with  water  forms  a  solution  of  cymyl-sulphuroua 
add.    (Sieveking,  loe.  cit.^ 

When  cymene  is  ropeatedly  distilled  in  diy  chlorine  gas,  hydrochloric  acid  is  evolved, 
and  an  oil  containing  10*7  p.  c.  chlorine  passes  over  between  170°  and  230°  C. 
(Sieveking.) 

l-8inLVBV&ZC  ACXB.    Syn.  with  Ctmtl-sxtlphvbous  acid  (p.  298). 

L6wig*s  name  for  cymyl,  C'*H". 

Syn.  with  OnsrUkXan, 

cmnr.    Syn.  with  CncENB. 

OT18ZVZC  ACZB.     Syn.  with  Cuiimic  acid. 

OTM0-O&TC0&.    Syn.  with  Cmco-OLTCOL. 

<rraiO&.    Syn.  with  Ctksnb. 

cmcOPBAVS.    Syn.  with  Chbtsobbbtl  (L  9o8). 

CTBRX.  C'*H»«.  The  radicle  of  (mnene,  cymylic  alcohol,  &c  The  chloride 
C'*H'"Ci  is  produced  by  passing  hydrochloric  acid  gas  into  (nrmylic  alcohol  (Rossi), 
perhaps  also  by  the  action  of  chlorine  on  cymene ;  the  bronitde  also  by  the  action  of 
bromine  on  cymene.     (Sieveking.) 

cmCTXJLMXWas.  Ammonia-bases  containing  1,  2,  or  3  at  cymvl  in  place  of 
hydrogen.  Monocymylamine  was  discovered  by  Barlow  in  1866  (PhiL  Mag.  [4]  x. 
454;  Ann.  Ch.  Pharm.  xcviii.  246);  the  other  two  bv  Rossi  (Compt  rend. li.  570). 
They  aro  all  produced  by  the  action  of  ammonia  on  chloride  of  cymyl ;  monocymyla- 
mine also  by  the  action  of  reducing  agents  on  nitrocymene. 

When  a  mixturo  of  chloride  of  cymyl  and  strong  alcoholic  ammonia  is  heated  for 
some  hours  in  a  sealed  tube  placed  in  the  water-bath  and  then  left  to  cool,  sal-am- 
moniac separates,  together  wit^  a  few  drops  of  oily  tricymylamine.  The  liquid 
filtered  ana  evaporated  leaves  a  crystalline  residue  consisting  of  the  hydrochlorates 
of  cymylamine  and  dicymylamine,  mixed  with  oily  tricymylamine,  which  may  be  dis- 
solved out  by  ether,  and  remains,  after  evaporation  of  the  ether,  as  an  oil  which  may 
be  made  to  crystallise  by  agitation. — :The  hydrochlorates  of  the  other  two  bases  are 
separated  by  fractional  crystallisation  from  water,  the  hydrochlorate  of  dicymylamine 
being  much  less  soluble  in  water  than  the  cymylamine-salt  The  bases  are  separated 
from  the  hydrochlorates  by  distillation  with  potash. 

Cymylamine,  C"H'»N  «  N.H*.C'«H".— -afonocymy/aimiw,  Cymidine  (Barlow^ 
Cumtnamine prtmcdre  (Rossi).  Barlow  prepares  this  base  by  distilling  nitrocymene 
with  iron-filings  and  acetic  aad,  the  mixture  being  made  up  to  a  stiff  paste.  A  dis- 
tillate of  complex  character  is  then  obtained,  a  considerable  portion  of  which  is  in- 
soluble in  hydrochloric  add.  From  the  portion  which  dissolves  in  that  add,  soda 
throws  down  cymylamine,  which,  after  agitation  with  ether  and  evaporation  of  the 
ethereal  solution,  separates  as  a  brown  oil,  which  cannot  be  distilled  without  alteration, 
except  in  an  atmosphere  of  hydrogen. 

CymyUunine  is  a  oolooriew  oily  liquid  which  does  not  solidify  in  a  mixture  of  ioe 
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and  salt  (Ro«si),  It  is  lighter  thmi  wator,  inodoroiw,  and  without  action  on  litmufl 
papor  (Barlow).  It  is  rolatile  at  ordinary  tcmpcraturpB,  and  produces  wMto  fumes 
on  the  approach  of  a  rod  moistened  with  hydro<»hlonc  acid*  It  l>egii]s  to  boil  at 
about  280^  C,  with  partial  decomposition.  BoiJB  at  about  260°  C.  (B  arlo  w).  It  is 
slightly  golmUa  in  wakr,  easily  in  atcohot  and  ilher. 

C)'Tnylamiiie  is  violently  attacked  by  mtrie  acid,  and  tin  adding  soda  to  the  Iigmd| 
a  st-mi'solid  giubatance  ia  Beparated.  Brtmiine  acta  but  alightly  on  cyinylamine,  iodine 
not  at  ail.  CMoride  of  cifanogcn  appeara  to  form  with  cymylamine,  a  biufte  coire- 
Bponduig  to  melaniline.  Chloride  of  f>€motfl  forma^  with  cymylamine,  small  ciy«tala 
probabty  consiBting  ofbaosoyl-cymy  lamina.  Cymylamine  aboorba  varbonk  acid  from 
the  air^  forming  a  solid  compoand    (Boss  i.) 

Ht^drochioraic  of  Cf/mylamine^  C^*H"N.HC1,  ia  formed  by  mi^ug  tho  baae  with 
atrong  hydrochloric  acid,  aa  an  oily  layer,  which  czystollisea  on  agitation  or  OTaporation 
{Barlo  w),  in  nacreous  rhomboi'djil  lamlns^  (Boaai).  It  colours  deal-ahaviiigB  yeiloWi 
but  docs  not  exhibit  imy  particular  reaction  with  hypochlorita  of  calcium,  Ita  solu- 
tion colours  the  akin  red-     (Barlow.) 

ChioropiatinaU  of  (hfm^tamim^  C'*H**^.HCl.PtCl',  ia  yellow,  aparingly  Boluble  in 
watvr,  more  solublti  in  alcohol,  and  Btiil  more  in  ether.  Tho  cMoro-aurate  ia  yellow, 
crystalline,  apaxirtgly  Bolublo  in  wat-er. 

The  Sufphaie  and  Oxalate  of  Cymylamine  are  white,  ciystaUine,  soluble  in  wat<r, 
(Barlow.) 

Bicymylaminet  C"H"N  *=  N.H.(C^*H"*)^  —  CtminnmifU  a^condairt.  Dense, 
colourless,  oily  liquid,  beginning  to  boil  with  decomposition  abore  300^  C  InsoluMo 
in  water^  soluble  in  alcohol  and  ether.  The  hydrochlorati  crystallises  in  needles 
slightly  soluble  in  cold  water. — The  chl<»'opIatinaie  is  spuingly  soluble  in  cold  water, 
and  cryatalliaeit  from  alcoholic  aolution  in  emiiil  roseate  needlea,     (RoasL) 

Tr  icy  my  lam  in  e,  C^H^N"  ->  N.(C'''H ' '  y^.—Cuminamtnc  Urtiaire,  Crystalliaes  in 
small  rhomfaoTdal  laminse,  which  melt  at  81*^ — 82^  C.  Insolnble  in  wati^r,  tpij  aolubla 
in  ether  and  in  boiling  alcohol,,  slightly  in  cold  alcohol.  It  does  not  afTect  tho  colour 
of  litmua.  Tho  kydrocMoratc^  which  cryatalliscB  in  needles  grouped  in  crosses^  ia 
nearly  insoluble  in  water,  Tery  solublo  in  alcohoL^ — ^The  chloroplatinate  cryBtalliBea 
witlt  di^eulty ;  the  alcoholic  solution  deposits  it  as  a  Tisoooa  nuisa  which  aolidifios  on 
drying.     (Roaai.) 

trrMT^-BlTBIomc  ACm.     Syn.  with  Cnnx-BUi.x'sirROus  a^cid. 

CimXTI.XC  A^COBO^  C'^H'^O  :^  C'»H"lILO.  HydraU  of  Cymyl.  Cuminie 
Afcf'hui.  (Kraut,  JMsscrtathn  uhr  die  JkHmtf  des  Cumirtoh  und  des  Oymens. 
Gottingen,  IS6-I.  Ann,  Ch.  Pharm.  xcii.  6R.) — This  compound,  wMch  ia  isomeric 
with  hydrdt©  of  thymyl  (oil  of  thyme),  is  produced  by  the  action  of  alcoholic  potash 
on  hydride  of  eumyl : 

2C"'H"0  +  KHO  ^  ClI^'KO*  +  C"n«*0, 

Hfi^rlde  of  CMOilimU'  of  Cfmillc 

cumyl.  potBulum«  alcohot. 

When  hydride  of  cumyl  la  Ijoiled  for  about  an  hour  with  aercrdJ  timea  ita  Tolum©  of 
alcoholic  potash^  in  an  appanttus  which  allowa  tho  condcnaetl  vapours  to  flow  bade 
again,  the  potash  ia  converted  into  cuminate,  and  on  adding  water  to  the  liquid,  an  oil 
separates;,  consiating  of  cymylie  alcohol  and  cymene,  the  latter  bein^  produced  by 
a  secondary  reaction  {md,  inf).  The  oil  is  agitated  with  acid  sulphite  of  aodium^ 
to  separate  any  remaining  hydride  of  cumyl,  then  dried  and  subjected  to  fractional 
distillation. 

Pr^ipertkt.^  Colourless  liquid,  Tiaving  a  Tery  faint  but  agreeably  aromatiG  odoijr, 
and  a  sharp  spicy  taste.  It  boils  at  243°  C.  without  deoompoeiiioii«  and  is  not 
acidified  by  prolonged  contact  with  tho  air.  li  is  insolnble  in  water^  but  solublo  in  all 
proportions  in  alcohol  und  ether* 

Ikcompositions. —  1.  Heated  with  potassiuuL,  it  erolrea  hydrog<»n  and  fonas  a 
granular  mass,  decomposed  by  water  into  potash  and  cymylic  alcohol. — 2.  Heated 
with  nitric  acid,  it  is  conrerted  into  caroinic  acid* —  3.  Strong  sulphuric  add  trans- 
forms it  into  a  r^.iinous  brittle  aubstance  which  becomes  aemifluid  in  boiling  water ^- 
4.  By  boiling  with  alcofwlic  potash,  it  ts  oonTerted  into  cuminato  of  potaasivun  and 
eymena  i 

ZC^WO  +  KHO  =  C»«H^^KO»  +  2C"^H'*  +  2HH). 

It  does  not  combine  TBiththe  acid  sulphites  of  the  alkall-roetals. 


C'W.Ht^- 


C^tne-tml' 

phuric,  Cymot-sulphuric,  SidphfH^ymemc^HulphocymyUc^  Campk&qene'SuiphuriCf  8tilph&' 
eamphic,  ^Thymyl-aulph ufokb  add.  Cymyl-dithimio  add  =  HO.  d^lP'S^O^  (Eolb a).— 
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This  acid,  first  obtained  by  Gerhardt  and  Cahours  (Ann.  Ch.  Phjs.  [3]  L  106) 
from  cjmene,  and  almost  at  the  same  time  bjDelalande  (ibid,  i.  368),  has  been 
further  examined  by  Sieveking  (Ann.  Ch.  Pharm.  cvi.  267).  It  is  produced  by  the 
action  of  faming  sulphuric  acid  on  cymene,  and  perhaps  also  on  chloride  of  cymene 
(p.  297).  To  prepare  it,  cymene  is  dissolved  in  a  slight  excess  of  fuming  sulphuric 
acid,  no  sulphurous  acid  being  then  evolved  if  the  mixture  is  kept  cool ;  the  liquid  is 
diluted  with  water,  saturated  with  carbonate  of  lead,  and  filtered ;  and  the  solution  of 
cymylsulphite  of  lead  is  evaporated  to  the  orstallising  point  The  aqueous  solution 
of  the  crystals  decomposed  by  sulphydric  acid  and  evaporated  in  vacuo  after  filtration, 
yields  the  acid.  As  the  solution  of  the  lead-salt  is  apt  to  decompose  during  evapo- 
ration, and  leave  a  dark  brown  mass,  the  solution  of  which  is  not  decolorised  by  sql- 
phydric  acid,  it  is  better,  according  to  Sieveking,  to  decompose  the  barium-salt  with 
sulphuric  acid,  remove  the  excess  of  that  acid  by  carbonate  of  lead,  and  the  dis- 
solved lead  hj  sulphydric  acid. 

The  acid  is  obtained,  by  evaporating  its  aqueous  solution,  in  small  deliquescent 
crystals.  Fuming  nitric  acid  converts  it  into  nitrocymyl-sulphurous  add,  the  salts  of 
which  detonate  when  heated.     ^Church,  Phil.  Mag.  [4]  ix.  256.) 

The  cymylsulphites  are  all  soluble  in  water. 

CyTnylsulphiU  of  Barium,  C"H'«BaSO»,  crystallises  with  1,  Ij,  and  2  at.  water. 
The  hydrated  salts  have  a  fine  nacreous  lustre,  and  a  bitter  taste,  with  nauseously 
sweet  aftertaste.  They  dissolve  easily  in  water,  alcohol,  and  ether.  The  aqueous 
solution  may  be  boiled  without  decomposition.  The  water  of  crystallisation  is  given 
off"  at  100^  C.  (Gerhardt  and  Cahours),  at  130<>  C.  (Trapp),  not  completely  below 
170O  (Sieveking). 

Cymylsulphite  of  Calcium,  CH^'CaSO'  +  {aq.,  crystallises  in  thin  colourless  lamina, 
easily  soluble  in  water  and  alcohol,  becoming  anhydrous  at  170^  C.     (Sieveking.) 

Cymyl-tulphiU  of  Copper,  obtained  by  decomposing  the  barium-salt  with  sulphate 
of  copper.  CrystaUisee  in  fine  silky  needles,  or  laminae,  soluble  in  water  and  alcohoL 
(Sieveking.) 

Cymylsulphite  of  Lead,  C"H**PbSO*  +  2  aq. — Crystallises  in  nacreous  laminae,  which 
give  off  all  their  water  at  120^  C.     (Delalande.) 

Cymylsulphite  of  Silver, — On  dissolving  carbonate  of  silver  in  the  aqueous  acid, 
and  evaporating  in  vacuo,  the  liquid  turns  brown  and  leaves  a  brown  residue  contain- 
ing a  few  white  needle-shaped  crystals.     (Sieveking.) 

Cymylsulphite  of  Sodium,    C"H"NaSO«  +  |aq Obtained  by  decomposing  the 

barium-salt  with  sulphate  of  sodium.  Crystallises  in  fine  silky  needles  or  laminae,  soluble 
in  water  and  alcohol,  and  giving  off  all  their  water  at  170°  C.     (Sieveking.) 

OTWAFZaniL  A  poisonous  alkadi  contained,  according  toFicinus  (Mag.  Pharm. 
XX.  367),  in  fool's  parsley  (^thuaa  Cynapium).  It  is  said  to  crystallise  in  rhombic 
prisms,  to  have  an  alkaline  reaction,  to  be  soluble  in  water  and  alcohol,  and  to  form  a 
erystallisable  sulphate. 

UlAJUifl.  C"H"(?). — A  hydrocarbon  obtained  by  distilling  wormseed-oil  (the 
volatUe  oil  of  Semen-contra)  several  times  with  phosphoric  anhydride,  and  treating 
the  distillate  with  strong  sxdphuric  acid  to  separate  a  heavy,  less  volatile  oil.  Cvnene 
is  a  mobile  colourless  oi^  permanent  in  the  air,  and  having  a  peculiar  odour  like  that  of 
wormseed.  It  is  insoluble  in  water,  very  soluble  in  ether,  and  boUs  between  173^ 
and  176°  C.  Specific  gravity  0*826  at  16°  C.  Gives  by  analysis  888  percent,  carbon 
and  11*1  hydrogen.  It  is  not  attacked  by  ordinary  sulphuric  acid,  but  the  fuminjg 
acid  dissolves  it,  forming  a  coi\]u^ted  acia.  Strong  nitric  acid  acts  violently  upon  it 
when  heated,  forming  a  yellow  oil  heavier  than  water.  (V dick  el,  Ann.  Ch.  Pharm. 
Ixxxix.  368.) 

cmronxn.  An  uncrrstallisable  substance  obtained  from  the  root  of  creeping 
dog's-tooth  grass  (Oynodan  dactylon),    (Semmola,  Berzelius  Jahresber.  xxiv.  636.) 

crWMO&UMUU  CSBiTATUS.  Do^s-taU  grass, — This  grass,  gathered  in  the 
flowering  season,  yields  in  the  fresh  state  2*38  per  cent.,  and  in  the  dnr  state  6*38  per 
cent  wsh,  containing  in  100  pts.  26-0  per  cent  K«0,  101  CaK),  2*4  it^,  0*1  FeH)», 
3-2  SO»,  401  SiO»,  7*2  PK)»,  and  11*6  KCL    (Way  and  Ogston.) 

AZOB.    Syn.  with  Ktkvbenio  Aom. 

Earth-almond  (Erdmandel), — The  tubers  of  this 
■edge^  iHliich  is  indigenous  in  Sicily,  Egypt  &c.»  cultivated  in  Arabia,  and  used  as  food, 
contain  in  100  pts.,  according  to  Semmola  (J.  Chim.  m6d.  xi.  266),  22  pts.  starch, 
4  inolin,  and  1  erystallisable  sugar;  according  to  Munos  y  Luna  (Ann.  Ch.  Pharm. 
fazviii  370),  29  starch,  14  cane-sugar,  7  gum  and  salts,  and  28  of  a  fixed  oil  resembling 
oil  of  sweet  almonds.  According  to  Lan  de  rer  (Budin.  N.  Repert,  iv.  20\  the  oil  has 
a  speeifle  graTity  of  0*94,  resembles  oil  of  sesame,  and  is  easily  saponifiaUe. 
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CTPltXir.    See  VfifiinriAN. 

C7FltZPlSiBZlf«  Tho  name  applied  in  Nortli  America  to  a  brown  powder  pre- 
pared from  Cj^pHpidium  pubcsccns^  mid  ut«cd  as  a  medicine. 

CTSTZirXL  Cystic  oxid^!,  C*NH\SO*. — An  orgftnic  base  constitiitbg  the  chief 
constituent  of  a  rare  kind  of  urinaTy  calculus,  occnmngin  men  and  dogs.  It  was  dia- 
covered  byWollaston  (Pliil.  Trans,  1S10»  p,  223),  and  hiiB  been  found  in  renal  con- 
cretions and  urinary  gravel  (Golding  Bird,  TrfatUe  on  Urinary  Coneriiionx ;  To  el, 
Ahjl  Ch.  Pharm,  icvi.  2-17),  in  the  kidneys  of  the  ox  (Cloetta,  ibid,  xcls,  289),  and 
in  the  liver  of  a  dmukard  who  died  of  typhus  fever  (.Scherer^  N,  Jahrb.  Pliarm,  vii^ 
306).  Reaeftpohea  on  cystine  and  cystic  calcidi  have  also  bef.*n  published  by  Las  sa  i  g  n  e 
(Ann.  Ch.  Phya.  [2]  xxiii.  328);  Baudrimont  and  Malaguti  (J.  Pharm.  xxir. 
633);  Thaulow(Ann.Ch,  Pharm*  siviL  197);  Mnrchand  (J.  pr.  Chem.  xvi  254); 
Kobert(J.  Pharm.vii.  165);  Biichnep(Renert.  xii.US);  Walchner(Sehw.  J.  xItu. 
106);  Wurzer(Schw.  J.  lvi.472);  Schindler  (Mag, Pharm. xxix.  264) ;  Venable» 
(K  Quart  J.  of  Sc.  vii  30);  O.  Henry  (J.  PharnL  xxiii.  11);  Branty  (J.  Chim. 
med.  xiii.  230) ;  Taylor  (PhiL  Mag.  [3]  xii.  337) ;  Lecann  and  S<ipalas  (.L  Pharm. 
xxiv.  460);  Schweig  (Heidelk  Medic.  Annal  liiL  364) ;  Bley  (Arch.  Pharm.  [2] 
ii.  165)  ;  Ciyi&le  (J.  Chim.  mM.  183S,  p.  355);  Sohlosaberger  (N.  Jahrb.  Pharm. 
viii.  4). 

Urinary  calculi  are  occasionally  found  consli^ting  of  pure  cystin,  but  if  the  calculus 
likewiae  contains  phosphate  of  calcium,  the  cvfstine  i»  either  dis^olred  out  by  ammonia 
and  the  filtrate  left  to  evaporate  to  the  crystrtlHsing  point ;  or  it  is  diaaolved  in  potaah 
and  precipitated  from  the  filtrate  by  aeetic  add,     (Lassaigne.) 

Proptriif^, — In  urinary  calfjoli,  cystine  presents  the  appearance  of  a  yellowieh, 
shining, conftwedJy  aystaUised  mans  (Wollaston);  wax-yellow,  translucent,  elongated, 
square  octahedrons  (Schindler);  yellowish,  tninfilucent,  with  a  faint  luiitro;  con- 
flisedly  crystallino ;  crackles  between  the  teeth ;  is  easily  rubbed  to  a  yellowiah 
powder;  taatelean,  neutral  (Robert).  Specific  gravity  of  a  calcidus  containing  97'0 
pt«.  (nratine  to  25  pts.  phosphate  of  calcium  =  1-577  (WoUaflton);  of  a  calculus 
containing  &1  per  cent,  of  cystin©  »«  1*13  (Taylor);  of  a  pure  cystine  calcuhis 
«  1*7143  (Venablos).  From  a  solution  in  hot  aqueous  potash,  cystine  slowly  crys- 
tallises on  addition  of  acetic  acid,  in  neutral  six-sided  lamins  (Wollaston);  ^m  an 
am moni a cal  solution  by  evaporation,  in  transparent  colourless  laminae  (Lassaigne) 
in  rhombic  crj'stala  (T  h  au  1  o  w).  (See  Funks' a  Atlas  d,  physiohg.  Ckenu  Ta£  v.  jSjy.  6). 
Cystine  is  insoluble  in  water  and  In  alcohol. 

Decompositions, —  h  Cystine  yields  by  diy  diatiDation,  carbonate  of  ammonia,  a 
volatile,  viscid,  stinking  oil,  and  spongy  charcoal  (Wollaston  and  Walchner). 
It  likewise  gives  off  hydrocyanic  acid  (Schindler). —  2.  When  heated  in  the  air,  it 
givegs  off  a  quite  pecuCar  and  extremely  disagreeable  odour  (Wollaston),  sidphumus 
and  reaembling  that  of  oE  of  mustard  (0.  Henry).  It  takes  fire  at  the  same  tim\\ 
without  melting  (Wollaston),  assumes  a  bhick-brown  colour,  and  splits  into 
frifgments,  which  disappear  without  f\Lsion  or  intumescence,  emitting  a  strong  smt'll 
of  hydrocyanic  acid  and  a  faint  empyreumatic  odour  (Buchner). —  3.  Fused  with 
hydrate  of  potassium,  it  gives  off  bh  inflammahlo  gas,  which  bums  with  a  flame  of 
sulphide  of  carbon,  producing  sulphurous  anhjrdride  (Thaulnw). —  4.  Its  solution  in 
excess  of  nitric  acid  leave?,  when  concentrated  by  boiling,  first  a  white  opaque 
substance  (Lecanie  and  S^galas)^  then  a  substance  which  becomes  continually 
brown er»  and  at  last  black,  is  &ee  &om  oxalic  acid  (Wollaston),  but  contains 
sulphuric  acid  (Thau low). 

C&mbinaihnft. —  Cystine  dissolves  in  the  aqueous  solutions  of  the  stronger  acids ; 
and,  on  evaporation  at  a  gentle  heat^  yields  cryBtals  which  arc  poluhle  in  water.  The 
Bolution  is  precipitated  by  carbonate  of  ammonia^  The  kydrochloraUt  nitratf^  pho^phatr^ 
and  »ul^hat«  of  cystine  eiy«iitallise  in  neetllea  grouped  in  tufts  (Wollaston). 

Cystine  dissolves  readily  in  aqueous  ammtyma,  potash,  soda,  and  lime^  also  in  the 
ocirf  carbonates  of  potassium  and  sodium^  but  not  in  acid  carbonate  of  ammonia.  All 
these  solutions  yield  gninular  crystals  by  evaporation  (Wollaston), —  From  alkaline 
Bolntions,  cystine  is  not  ppecipitated  by  sulphuric,  hydrochloric,  or  nitric  acid ;  but 
acetic,  tartancSt  and  citric  acids  precipitate  it  io  a  few  seconds  as  a  fine  white  powder. 
(Wollaston,  Lassaigne,  Walchner,  Robert) 

The  solution  in  ammonia,  when  leit  to  evaporate,  yields  pure  cystine  in  crystals. — 
The  solution  in  potaah  deposits,  on  evapomtion,  whit*  crystalline  grains,  which  sire 
tast^ss,  leave  a  small  quantity  of  potash  when  burned,  are  insoluble  in  water,  but 
dissolve  readily  in  water  containing  potash.    (Lassaigne.) 

CnrSTZVOZll  TITBESCIiSS,  XantJiocysUn.  A  substance  resembling  cj's- 
tine  and  xarahine,  and  found  in  small  whitish  grains  on  the  mucous  membrane  of 
the  dige«tive  organs,  liver,  &c.  of  th*)  body,  two  months  after  inteiment,  of  a  pc»oa 
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who  died  of  inflammation  of  those  organs.  (A.  ChevallierandLasBaiKne,  J.  Chim. 
mid.  [3]  vii  208;  Pharm.  Centr.  1861,  p.  717.) 


A  bitter  substance  obtained  from  Cytmis  Ixibumum  by  Che- 
rallier  and  Lassaigne  (J.  Pharm.  iv.  340;  vii.  236).  The  alcoholic  extract  of  the 
seeds  is  treated  with  water ;  the  solution  precipitated  with  neutral  acetate  of  lead,  and 
the  lead  removed  from  the  filtrate  by  sulphydric  acid.  The  liquid  filtered  from  the 
sulphide  of  lead  leaves,  when  evaporated,  a  yellowish  green  mass  of  the  consistence  of 
an  extract,  soluble  in  water  and  in  alcohol,  precipitated  by  basic  acetate  of  lead  and 
nitrate  of  silver.  When  taken  internally,  it  produces  giddiness,  spasms,  and  vomiting. 
—  According  to  Peschier  (J.  Chim.  mid.  vi.  65),  cytisine  is  identical  with  the 
cathartine  of  senna-leaves ;  but  these  substances  have  not  been  sufficienUy  studied  to 
decide  the  question  with  certainty. 

D. 

BACTT&ZS.  The  cleansed  root-fibres  of  Dactylia  glomerata,  yield,  according  to 
Schulze's  analysis  (Ann.  Ch.  Pharm.  cix.  180),  24  p.  c.  dry  substance  containing  9*4 
p.  c  ash,  of  which  3*9  pts.  (  »  41*9  p.  c  of  the  ash)  consists  of  silica. 

For  Way  and  Ogston*s  analysis  of  the  ash  of  the  flower  of  this  plant,  see  Gbassbs. 

BAOTX.  The  name  given  by  Blanchct  and  Sell  to  the  camphene  obtained  from 
cn-stullised  hydrochlorat«  of  turpentine-oiL     (See  Turfemtimb,  Oil  op.) 

BJBSAXiBA  QYnmcZVAa  This  sponge,  dried  at  100°  C,  contains  3*2  p.  c. 
nitrogen  and  leaves  3*1  p.  c.  ash.    (Schlossberger  and  Popping.) 

BAOOSB.    See  Birch-tab  (i.  689). 

BAOWRSBOTTFB.    See  LiOHT  (Chemical  action  of). 

BAB&XA.  The  tubers  of  Dahlia  pinnata  contain  10  p.c.  inulin  (thence  called 
IhiJJin),  also  citric  and  malic  acids,  chiefly  as  calcium-salts,  a  fixed  oil,  and  a  volatile 
c»il  which  is  lighter  than  water  and  quickly  resinises  when  exposed  to  the  air.  In  water 
tliiM  volatile  oil  solidifies  after  some  time,  and  yields  crystals  apparently  consisting  of 
benzoic  acid.     (Pay en,  J.  Pharm.  ix.  384 ;  x.  239.) 

BA&AWOirXTB.     See  Dblanovftb. 

BAXAXVZTB,  Breithaupt's  name  for  the  anenical  pyrites  from  Dalame  or 
Balecarlia  in  Sweden. 

BA&XAZOCBXW  or  TBAZABZOC3KZV.  An  imperfectly  investigated  product 
of  the  action  of  ammonia  and  chlorine  on  quinine  {q.  v.). 

BABKAJLirmzC  and  BAMO&ZC  ACXB8.  Two  volatile  adds  said  to  exist  in 
rows*  and  horses*  urine.  Damaluric  acid  C'H"0'(?)  is  oily,  heavier  than  water,  and 
smells  somewhat  like  valerian.    (Stadeler,  Ann.  Qi.  Pharm.  IxxviL  27.) 

BABKASOUB   STSBIn     See  Iron. 


BASSBKAJtA  KBSZir,  AVBTRAXAAJT.  CotDcUe  aum^  Cotpdie-pme  resin. 
The  produce  of  a  large  coniferous  tree,  Dammara  Atutraiis,  which  grows  in  New 
Zealand.  It  forms  white  or  yellow  masses  very  difficult  to  break,  having  a  shining 
fracture,  and  a  very  decided  odour  of  turpentine.  According  to  R.D.  Thomson  (Ann. 
Ch.  Phys.  [3]  ix.  499)  it  consists'  of  an  acid  resin,  dammaric  acid,  and  a  neutral 
resin,  dam  mar  an,  the  former  of  which  may  be  extracted  by  alcohol. 

The  acid  resin  is  deposited,  by  spontaneous  evaporation  of  its  alkaline  solation,  in 
crystalline  grains  containing  72'64  p.  c  carbon,  9*31  hydrogen,  and  1800  oxygen.  On 
precipitating  the  boiling  alcoholic  solution  with  alcoholic  nitrate  of  silver  containing 
ammonia,  a  precipitate  is  formed  containing  14*60  to  14*76  p.  c.  oxide  of  silver. 
Thomson  represents  the  add  resin  by  the  formula  C^H*^G'  (76*4  C  and  9*4  H),  and 
the  silver-precipitate  by  AgO.C^If^(f, 

The  neutral  resin,  insoluble  in  weak  alcohol,  yields  a  colourless  varnish  with  absolute 
alcohol  and  with  oil  of  turpentine.  Its  analysis  gives  76*02  C  and  9*6  H,  which 
Thomson  represents  by  the  formula  C^H^^  0*.  Wlien  exposed  to  continued  heat  it 
absorbs  oxygen. 

The  resin,  when  distilled  alone  at  a  gentle  heat,  yields  an  amber-coloured  volatile  oil 
called  dammarol,  containing  82*2  p.  c.  carbon,  and  11*1  hydrogen ;  and  by  distilling 
it  with  lime,  another  yellow  oil  ia  obtained,  called  dammarone.  All  these  producta 
require  further  examination. 

BAXXAmA  KBSZir,  BAST  ZVBZABT.  Dammar-Puti  (i.  e.  Caf»-^€  retin, 
■0  called  on  aoeonnt  of  ita  lustre).    This  is  the  more  ordinazy  kind  of  dammars  renn  i  it 
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comeft  chiefly  from  Singapore,  and  is  eaid  to  he  obtained  from  HmtJi  Dnmrnara,  Lamb  J 
or  Dammara  alba  (D.  orimtalis,  Rimph.,  or  Agathis  loranthifoUa^  Salisb.),  a  coniferouM 
tree,  indigenous  m  the  Eaist  Indies  and  in  Ine  Moluccas.  The  resin,  whieh  exudes 
from  eiereseenees  on  the  etem  near  the  root,  forms  colourless  or  veEowisb,  more  or  less 
transparent  lumps,  varjing  in  «ise  between  tbat  of  a  pea  and  tbat  of  ft  ben's  egg ;  of 
fipecitic  gniTity  r04  to  109;  bftTing  a  resinoua  odour  and  concboldal  firacture.  Ac- 
oordin^  to  Emndes,  it  melfcfl  at  150^  C. ;  according  to  Dulk«  it  be^na  to  melt  at  73^  C. 
It  diffiiolves  partial! J  in  abAotuU  alc&hiyl  (to  about  })  and  in  ft  her  (to  about  X) ;  in 
aqKfoiis  alcohol  it  ia  less  solublfl  in  proportion  as  the  alcohol  is  weaker ;  mU^  both  fjced 
and  thtiatiie^  diseolr^  it  more  completely.  It  ia  insoluble  in  dilute  acids,  but  strong 
sulphuric  acid  difisolvca  it  completely  even  in  the  cold ;  and  oo  dropping  the  yellow  or 
rea  solution  into  water,  &  white  precipitate  is  formed,  condating,  apparently,  of  the 
unaltered  resin.  The  renin  beat^'d  with  Bulphuric  acid  is  decomposed,  with  evolution 
of  sulphtirous  aeid.  Nitric  acid  liJcewise  decomposes  it  with  aid  nf  heat.  When  sus» 
pended  in  watiT  and  tre4ited  with  cMorins  gas,  it  taJcea  up  26  p.c  chlorine.  It  ia 
Hcareely  attacked  hj  potash  or  soda^  eren  when  boated  therewith  ;  heated  with  aoda- 
lime,  it  gives  off  hydrogen  and  carburett-ed  hj'drogen,  and  if  the  heat  has  not  been 
raised  above  320*  C,  a  resinous  bod^  is  found  in  the  residue. 

East  Indian  Dfttnmara  resin  contains  about  0*2  p.c  ashf  a  small  quantity  of  gnm,  a 
hydrocarbon,  dammaryl,  and  three  Tesinous  bodies.  According  to  analyses  liy 
Schrotter  (Pogg.  Ann.  lix.  37)i  &tid  Bulk  (J,  pr.  Chem,  x]t.  16),  the  entire  fesin 
jrields  numbers  answering  to  the  empirical  formula  t?*J^O*. 

Weak  alcohol  extracts  from  Dammara  resin  an  add  re«in  called  hydrated  damma* 
ry lie  at! id  (or  a-resin)  umoiinting  to  about  |  of  the  whole,  and  consisting  ot€^  11^*0^ 
(or  C*^H"0*,  according  to  IMk) :  it  is  white,  becomes  electric  by  friction,  melts  at 
eO°  C. ;  does  not  oxidSe  by  exposure  to  the  air.  It  unites  with  basee,  but  tbo  salts 
are  very  unstable. 

If  the  dammara  resin,  after  exbauation  with  weak  spirit,  be  treated  with  absolute 
atcfihtjl,  aresin  h,  consisting  of  anhydrous  dammurylic  acid  C*^IP*{P  (or  €**li*'0*, 
according  to  Bullr),  is  dissolved,  and  rv^maina,  oo  evaporating  the  alcohol  as  «  white 
powder,  meltinj?  at  60°  C,  perfectly  soluble  in  abaoluta  alcohol,  in  ether,  in  oils,  both 
fixed  and  volatile^  and  in  strong  eulphnric  acid ;  tlie  alcoholic  solution  has  a  stronger 
acid  reaction  than  that  of  the  resin  a.  With  bajtes,  it  behaTes  like  the  resin  o»  forming 
salts  which,  according  to  Bulk,  are  identical  with  those  of  the  resin  a. 

When  the  dammani  resin*  ailer  exhaustion  with  alcohol,  is  trcat^Hi  with  riW,  n 
portion  of  the  residue  ( =  about  ^  of  the  original  resin)  dissolves,  and  the  solution 
yields  by  evaporation  a  hydrocarbon,  called  damma ry I,  «=  C'**iP{or  C*!/**  according 
to  Dulk).  It  is  a  taatelesa,  inodorona  powder,  which  becomes  electric  by  friction, 
dissolves  easily  in  cold  ether,  softens  at  146°,  and  melf a  at  190°  C,  It  oxidises  quickly 
when  exposed  to  the  air,  taking  up  from  3  to  5  p.  c.  oxygen  ( =  1  or  2  at,  0,  according 
to  the  formula  C*'!!^).  By  exposure  for  some  time  to  moist  air  at  llCPCt  it  aoquii^es 
the  composition  of  tbe  crude  resin  €^IP*0^.  Dammaryl  suspended  in  water  and 
treated  with  chlorine,  yields  a  Bubstitution-prodtict  containiug  34  n.  c.  chlorine. 

After  the  resin  ha*  been  exhausted  with  alcohol  and  ether,  there  remains  an  in- 
soluble resin  p,  ahemi-bydrate  ofdammaryl  O^B**  0  (or  C^H^  0,  according  to 
Diilk)«  It  is  a  green,  shining,  brittle  moss,  whidi  melta  at  215°  C,  is  insoluble  in 
acids  and  alkali.',  but  dissolvf«  in  oil  of  turpentine  and  in  the  strongest  sulphuric  acid. 

Bmndes  separated  dammara  resin  into  an  o-rcsin  easily  soluble  in  alcohol  and  ether, 
and  amounting  to  about  |  of  the  whole,  and  a  3- resin  or  dammarin  soluble  only 
in  1000  pts.  absolute  alcohol  and  40  or  50  pt^.  ether,  and  insoluble  in  alkalis. 

Bam maru  resin  is  much  useii  for  the  preparation  of  Tomisbes  (Dingl.  polyt.  J. 
cxxviii.  68  J  cxxxi,  141),  for  which  purpose  it  is  dissolved,  after  drying,  in  2  or  3  ptsi 
of  oil  of  turpentine  ;  to  ol^tain  a  thicker  varnish,  it  is  nsual  to  add  a  certain  qnantit 
of  thick  turpentine  or  boiled  linseed  oil     (Handw.  d.  Chera,  2'*.  Aufl.  ii  [3]  340.) 

^ABKMA&XC  ACTO.  The  constituent  of  Australian  dammara  resin  whiob  ii 
insoluble  in  weak  spirit  (p.  301). 

PAligWA»gfB'.    See  BjtMMABA-nEsiN,  East  Ikdiak. 

^  AMM^ROim,  !       ^^'^  BaMXAHA-BBSIN,  AcSTOAUAir. 

T^AWLK/EJkM*Tim*    See  BAiiHARA.-KBSiy,  East  Istdian, 

HABCMAKYX*  The  constituent  of  East  Indian  dammara-resin^  insoluble  in 
alcohol,  soluble  in  ether. 


AAMHSAST^   SBBtZ-SmiAATS   OV.      The  constituent  of  East  Indi&Q 
4ammara<resin  which  is  insoluble  in  alcohol  and  ether. 


SI  OS 

AHQS        Mn>0 

Ca<0 

Mg«0 

B«03 

4810 

0-30         0-66 

22-41 

0-40 

27-73 

48-20 

102 

22-33 

27-96 
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KTXIO  ACOB.    The  eonstitaent  of  East  Indian  dammara-resin,  which 
ia  insolnble  in  weak,  but  soluble  in  absolute  alcohol  (p.  302). 

BJLMIKAXT&XC  ACX1>«  AJIUXBROUB.  The  constituent  of  East  Indian 
dammara-resin,  which  Ib  soluble  in  weak  alcohol  (p.  302). 

BAlKOmUTB.  A  hydrated  mica,  forming  crystalline  laminae  in  the  interstices 
of  crystals  of  li^anite,  found  at  Pontivy  in  Bretagne.  It  is  colourless,  yellowish-white 
or  yellow,  transparent  in  thin  laminae,  and  of  scaly  texture.  Specific  gravity  2*792. 
Hardness  »  2*0  to  3*0.  Heated  in  a  tube,  it  gives  off  water  and  swells  up.  Before 
the  blowpipe,  it  intumesoes,  becomes  white  and  opapue,  and  melts  to  a  white  enameL 
It  is  decomposed  by  strong  sulphuric  acid. 

According  to  Delesse  (Ann.  Ch.  Phys.  [3]  xv.  248),  it  consists  of  KO.&iO^  4- 
8(^/»(>«.©iO«)+  2^0  or  K«0.  8Al*0«.6SiO»  +  2HK),  which  (by  substituting  a/ «  |A1) 
may  be  reduced  to  (Ka/'H')Si'0**,  the  formula  of  an  orthosilicate.  It  likewise  con- 
tains a  small  quantity  of  fluorine,  and  appears  to  be  a  variety  of  maigarodite. 

BAVAZTB.  A  mineral  consisting  of  sulphur,  arsenic,  and  iron  with  a  little  cobalt^ 
and  agreeing  in  form  with  arsenical  pyrites,  of  which  it  is  probably  only  a  cobaltiferous 
variety.  H  ay  es,  however  (Sill.  Am.  J.  xxiv.  386 ),  assigns  to  it  the  formula  Fe*As*.Fe*S*. 
It  is  found  in  the  gneiss  near  Franconia  in  l«ew  Hampshire,  United  States.  (See 
Kenngotfs  Uebers,  1862,  p.  99 ;  Jahresber.  d.  Chem.  1863,  p.  778.) 

BAJIBUJUTB.  A  borosilicate  of  calcium  found  at  Banbury  in  Connecticut,  in 
shining,  translucent,  pale  yellow  crystals  belonging  to  the  trimetric  system.  Hardness 
7  to  7*6.  Specific  gravity  2*96.  Melts  before  uie  blowpipe  and  colours  the  flame 
green.     Two  analyses  made  by  Smith  and  Brush  give  the  following  results : 

0-60         10000 
0-60         10000 

whence  Smith  and  Brush  deduce  the  formula  3(7a0.2@iO"  +  3-BO".2@iO',  which  is 
equivalent  to  Ca*O.SiO»  +  B*0«.SiO«  (Brush,  Sill.  Am.  J.  [2]  ix.  286.  Smith  and 
Brush,  ibid,  xvi  366.     See  also  RammeUberg^a  Mineralchemie,  p.  770). 

BAimMOBZTB.  A  variety  of  hornblende  found  in  the  iron  mines  of  Danne- 
mora  in  Sweden.  Its  structure  is  fibrous  or  radiating,  the  individual  crystals  being 
closely  aggregated.  Colour  yellowish-brown  to  greenish-brown.  Specific  gravity 
3*516.  Blackens  before  the  blowpipe,  and  in  thin  pieces  melts  to  a  dark  slag. 
Contains: 

SIO«  AHO»  C««0  Mr«0  Mn«0  Fe«0 

48-9  1*6  0-7  2-9  8o  38*2 

corresponding  nearly  to  the  formula  8M'0.9SiO*,  where  M  is  almost  entirely  repre- 
sented by  iron.     (Erdmann,  Jahresber,  d.  Chem.  1866,  p.  846.) 

BAFBVBTZW.  C'*H"0«  (Zwenger  [1860],  Ann. Ch.Pharm.cxv.  8).— A  product 
of  the  decomposition  of  daphnin,  which  when  subjected  to  drv  distillation,  or  heated 
with  aqueous  acids,  or  fermented  with  emulsin,  splits  up  into  daphnetin  and  glucose : 

C"H»K)»»  +  2HH)  -  C'»H»*0»  +  2C^»«0« 
Daphnfn.  D«pfanetln.  OIucom. 

The  same  decomposition  also  tkkes  place  under  the  infiuence  of  yeast ;  but  it  is  neces- 
sazy  first  to  add  glucose  to  the  liquid,  in  order  to  set  up  the  fermentation,  and  even 
then  the  decomposition  is  very  imperfect 

Preparation, — 1.  A  solution  of  daphnin  in  dilute  hydrochloric  or  sulphuric  acid  is 
boiled  tiU  it  turns  yellow,  then  diluted  with  water  and  left  to  cool ;  the  impure 
daphnetin  which  separates  is  dissolved  in  hot  water,  and  precipitated  by  neutral 
acetate  of  lead ;  and  the  yellow  precipitate  is  washed,  suspended  in  hot  water,  and 
decomposed  by  sulphydric  acid.  The  liquid  filtered  at  the  boiling  heat,  deposits 
daphnetin  on  cooling — 2.  The  alcoholic  extract  of  mezereon  bark  is  treated  with 
strong  hydrochloric  acid,  and  evaporated  on  the  sand-bath  till  the  acid  is  completely 
expelled;  the  carbonaceous  residue  is  then  boiled  with  water;  and  the  impure 
daphnetin  which  separates  on  coob'ng  is  purified  as  above. —  3.  The  alcoholic  extract 
of  mesereon  bark  yields  by  dry  distillation  a  distillate  containing  small  needle-shaped 
crystals  of  impure  daphnetin,  which  may  be  purified  as  above. 

■Properties. — ^Daphnetin  forms  small  needle-shaped  monodinic  prisms  having  a 
strong  refivctin^  power.  It  has  a  slightly  astringent  taste,  and  dissolves  easily  in 
boilii^  water,  still  more  in  boiling  alcohol^  sparingly  in  ether.  When  heated  it  emits 
aa  agreeaUa  odour,  and  melts  at  a  temperature  above  260^  C.  to  a  yellowish  mass. 
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Trliich  solidifies  in  th«  crystnlUae  form  on  cooling.  In  n  fitream  of  gSB  it  miblimes 
easily,  even  below  ita  meltt&g  point;  but  when  iieated  iu  li  dose  tcasoI,  it  suUert* 
puirtiiLl  decompojiition. 

Hot  hydrochloric  add  easily  disaolTea  dapHnetin  without  decomposmg  it;  strong 
tulpharic  acid  dissolves  it  with  decomposition,    Citric  acid  colours  it  deep  red. 

Aikalis  and  alkaliTU  carbonates  dissolve  daptinetin,  with  yellow  colour,  tiie  solution 
bficoming  darker  on  exposure  to  tlie  aiv.  Lime-wattr  and  har^ta-wat^  form  with  it 
yellow  precipitAt<»«,  whici  alao  become  darker  by  expoaure.  Ferric  salts  colour  diiph- 
netin  green,  the  colour  diBappearing,  however,  on  addition  of  free  add  or  of  excess  of 
ferric  salL  Ferrous  salts  produce  only  a  faint  greenish  colonrijig  in  Bolutiona  containing 
exccas  of  dapbnetin,  Diiphnetin  reduces  an  alkaline  etipric  solution,  even  in  the  cold ; 
also  nitrate  of  Hh>cr, 

Lead'Compintnd,  C^*H**Pb*0^^ — A  warm  aqueous  solution  of  daphnetin  mixed  with 
acetate  of  lead,  yields  a  light  yeOow  gelatinous  precipitflte,  which  whoti  diy  formn  a 
brittle  mass,  dapk-coloured  in  thick  layers,  tranaluceiit  with  yellow-red  colour  in  thin 
layers.  It  dissolves  sparingly  in  water,  ©aailyin  acetic  acid.  Nitric  acid  turns  it  rfd. 
On  boiling  it  witli  water,  part  of  the  daplmetin  ia  removed,  and  a  compound  riclter  in 
load  rcmuina. 


_. C*'H"0"  +  4H'0,— A  rrystallisable  non-azotised  glticoside^  occur- 
ring \u  the  bark  of  certain  species  of  Daphne.  Vauquslin  in  1808  (Ann.  Chira. 
Ixjtxiv.  173),  first  obtMntNl  from  Ik^hnt  aipinOy  an  acrid  volatile  substance  soluble  in 
water,  to  which  Ber&eliiui  gave  the  name  of  daphnin. —  C.  G.  Qmelin  and  Buer 
(Sehw.  J.  xxxv.  1)  afterwards  prepared  the  body  now  called  daphnin,  which  hns 
since  been  more  particularly  exuitnined  by  Zwenger  (Ann*  Ck.  Pharm,  cxv.  1).  It 
occurs  in  the  bark  of  the  common  mezereon  plant  {Dapknt  mesermon),  and  somewhat 
more  abundantly  in  that  of  D.  afpina. 

Preparatiftn.^  L  The  alcoholic  extract  of  the  bark  ol  J},  mesereum  or  i).  aljnna  is 
wchausted  with  water ;  the  solution  is  precipitated  with  acetate  of  lead  ;  theprecipitato 
washed  with  water,  and  decomposed  by  eulphydric  acid  ;  and  the  filtrate  evapomJed 
t^  diyneas  and  treated  with  absolute  alcohol  Daphnin  then  crystaJliires  from  the 
alcoholic  solution  (Gmelin  and  Baer),—  2.  The  alcoholic  extract  of  fresh  lue^creou 
bark  strip^  off  in  the  early  flowerinja;  time^  is  dtssolved  in  water;  the  solution  in 
first  precipitated  with  neutral  acetat4*  of  lead ;  the  filtrate  is  subsequently  mixed  with 
excess  of  basic  acetate  of  lead  and  boiled  for  a  loug  Lime ;  and  tJie  renultiug  procipiUito 
18  wasbcd  aad  decompo»ed  by  sulpbydric  aci£  The  filtrate  yieidi»  crystallised 
daphnin  on  evaporation  or  on  addition  of  alcohol,     (Z  wenger.) 

As  daphnin  is  soluble  in  ether^  it  maybe  advantageously  prepared  from  the  residual 
bark  leit  ftft«r  the  preparation  of  Extr.  mtzerei  atherrum. 

Properties  —  Daphnin  crystalHsea  in  colourless,  transparent^  rf-ctangnlar  prisms, 
Bparingly  soluble  in  cold,  more  freely  in  wTirm  water t  more  soluble  stiH  in  alcohol, 
eapeciaily  at  the  boiling  heat»  insoluble  in  ether.  The  aqueous  solution  concentrated 
by  heat,  tastes  bitter  at  first,  afterwards  astringent.  According  to  Gmelin,  it  is 
neutral  when  pure,  but  aecording  to  Zwenger,  the  saturated  aqueous  solutioa  is 
decidedly  acid. 

The  crystah?  of  daphnin  give  oC  their  water  at  100°  C.  At  a  stronger  heat 
daphnin  eiuibs  an  agreeable  odour,  like  that  of  coumariia.  When  cautiously  heiated  ia 
small  quantities,  it  melts  at  about  200°  C.  to  a  colourless  mass,  which  solidifies  agaiQ 
in  th«s  crystalline  form  on  cooling ;  but  the  melting  point  and  decomposing  point  are 
so  close  together,  that  unleas  the  heat  is  very  carofuily  applied,  vapours  are  given  off, 
the  residue  continues  amorphoua  after  cooling,  and  then  forme  a  yellow  precipitate 
with  neutnd  acetate  of  lead,  and  a  green  mixture  with  sesquichloride  of  iron*  showing 
that  it  contains  daphnetin  (p.  303),  Daphnin  heated  in  a  close  vessel  is  decomposed, 
yielding  a  sublimate^  of  daphnetin  and  a  residue  of  charcoal ;  when  heated  in  the  air,  it 
burns  with  a  bright  flame,  Jt^iiric  acid  decomposes  it  in  the  cold  and  colours  it  red, 
and  when  boiled  converts  it  partly  into  acetic  acid. 

Alkalis  and  alkaline  carbonates  dissolve  daphnin  in  the  cold,  forming  a  yell^ 
solutioa  which  quickly  turns  brown -red  on  exposure  to  the  air,  especially  if  warmt_ 
The  yellow  solution  of  daphnin  in  baryta-  or  liftw-watcr  yields  a  gelatinous  pr«apitate 
when  heated.  Neutral  jctric  chloride  imparts  a  bluish  colour  to  the  aqueous  solution 
of  daphnin ;  the  liquid  turns  yellowish  when  boiled,  and  deposits  a  deep  yellow 
precipitate  on  cooling,  Basic  acetate  of  lead  colours  the  solution  of  daphnin  yellowifth 
m  the  ooldt  and  on  boiling  the  liquid  an  insoluble  compound  is  deposited.  Hj/d rated 
oxide  of  lead  fiha  precipitates  daphnin  on  continued  boiling.  Nitrate  of  silver  formB 
no  precipitate  in  the  cold,  but  a  flight  reduction  takes  place  on  boiling,  and  a 
considerable  reduction  on  addition  of  ammonia,  it  reduces  an  alkeslinecupric  solution 
only  after  prolonged  boiling.— By  heating  with  aqueous  acids,  or  hy  the  action  of 
enitdsin  or  o{ yeasty  daphnin  is  resolved  into  daphnetin  nnd  glucose  (p.  303). 
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BAPICBO  or  Zaapis.  The  Soutli  American  name  of  the  dirty-white  spongy 
caoutchouc  which  exudes  from  the  roots  of  Siphonia  elastica.  It  is  blackened  over  an 
open  fire,  and  used  for  making  stoppers. 

BAS'VrzvXTB.  The  name  applied  by  Forbes  (Phil.  Mag.  [4]  zx.  423)  to  a 
mineral  from  Chili,  identical  with  the  Whitneyite  {q.  r.)  of  Genth. 

» A8BZPZ8.    See  Htracbum. 

BATB8.  Dactifli.  The  fruit  of  the  date-palm  {Ph<tnix  dactylifera).  They  are 
generally  gathered  in  the  ripe  state  and  exposed  to  the  sun,  whereby  they  lose  their 
original  bitterness  and  acquire  a  pure  sweet  taste.  The  fleshy  portion  of  the  fruit 
contains,  according  to  Bonastre  (J.  Pharm.  xviiL  784),  crystallisable  sugar ;  according 
to  Heinsch  (Buchn.  Repert  Ixxi.  36)  only  fruit-su^ar  (58  p.  c),  together  with 
pectin  (9  p.c.),  gum,  and  other  substances.  Kletzinsky  (Jahresber.  d.  Chem. 
1858,  p.  434)  found  that  dates  contain  85  p.  c.  fleshy  substance,  10  kernel,  and  5 
husk ;  and  the  dates  freed  from  the  kernel  contain  in  100  pts. :  36  sugar,  9  pectin  and 
pectinous  matter,  23  pts.  of  other  substances  soluble  in  water,  30  water,  0*1  coumarin, 
citric  acid,  and  other  substances.  The  kernels  contain,  according  to  Beinsch,  36  pts. 
gummy  substance  and  40  cellulose,  together  with  tannin,  £it,  &c. 

The  juice  of  the  flower-buds  of  the  date-palm,  which  is  very  rich  in  sugar,  is  used 
for  the  preparation  of  arrack,  and  on  the  small  scale  for  the  preparation  of  crystallis- 
able sugar.  According  to  Fourcroy  and  Vauquelin,  the  pollen  of  the  flowers  contains  a 
large  quantity  of  free  malic  acid. 

SATBOXiITB.  Datdite.  Dystomite,  Humboldite,  BotrvdUte,  Esmarkite  (in 
part).  2ira<r«?a/«fe  (in  part).  Borate  of  JAme.  Borosilicate  of  Lime.  Chaxix  boratie 
silicuuse.  A  borosilicate  of  calcium,  crystallising,  according  to  Eopp,  in  monoclinic 
combinations,  with  numerous  faces,  the  primary  form  of  which  is  the  monoclinic 
prism  ooP  of  77°  30'  with  a  nearly  rectangular  base,  deviating  only  10'  from  perpendi- 
cularity. The  combinations  exhibit  also  the  prism  ooP2  =  116°  9;  the  transverse 
hemidome  2Poo  =  43°  56',  the  hemipyramid  P  «  122°  0',  and  many  others. 
Cleavage  indistinct  parallel  to  ooP  and  the  transverse  faces.  On  the  other  hand, 
Brooke  and  Miller,  and  Dana  (Mineralogy,  ii.  335)  regard  the  crystals  as  trimetrio 
and  hemihedral,  with  cleavage  parallel  to  ooPoo  and  ool^oo .  The  crystals  are  small 
and  glos^,  having  the  form  of  short  prisms  or  thick  tablets,  often  implanted.  The 
mineral  also  occurs  massive,  with  coarse  or  fine-grained  structure. 

Hardness  «  5*0  to  55.  Specific  gravity  —  2*9  to  3*1.  Colour  white,  or  with  a 
shade  of  green,  yellow,  grey,  or  red.  Streak  white.  Lustre  glassy  on  the  crystalline, 
waxy  on  the  fractured  surfaces.  Translucent.  Fracture  uneven,  subconcho'idaL 
Brittle. 

Ignited  in  a  tube,  it  gives  off  water.  Before  the  blowpipe,  it  swells  up  and  melts 
easily  to  a  clear  glass,  occasionally  with  a  greenish  or  a  i^dish  tint  Colours  the 
flame  green.  Dissolves  in  borax ;  in  phosphorua-salt  it  leaves  a  skeleton  of  silica,  and 
if  added  in  considerable  quantity  forms  an  enamel-white  glass.  With  a  small 
quantity  of  9oda  it  forms  a  clear  glass;  with  a  larger  quantity,  the  bead  becomes 
opaque  on  cooling,  and  with  a  still  larger  quantity,  the  mass  sinks  into  the  charcoaL 
With  gyptUTHy  it  fuses  to  a  clear  bead. 

Analyses:  a,  Andreasberg  in  the  Harz  (Stromeyer,  Pogg.  Ann.  xii.  157). —  h, 
Andreasbeig  (Du  Menil,  Schw.  J.  lii.  364). —  c.  Andreasberg  ^Rammelsberg, 
Pogg.  Ann.  xlvii  175). —  d  Arendal  in  Norway  (Rammelsberg,  loc,  cit.). —  e,  Ide 
Royal,  Lake  Superior  (Whitney,  SilL  Am.  J.  [2]  xv.  435).—  /.  Nieder-Kirchen, 
Rhenish  Bavaria  (D el Im  an n,  RammeUherg' s  MineralchemU,  p.  507).—^.  From  the 
gabbro  of  Tuscany  (Bechi,  SilL  Am.  J.  [2]  xiv.  65). 


SiOS 

B«0» 

Ca^O 

H30 

a. 

37-36 

21-26 

35-67 

5-71                                       -  100 

b. 

38-51 

21-34 

35-59 

4-67                                        -  10004 

e. 

38-48 

20-31 

35-64 

5-57                                        =  100 

d. 

37-65 

21-24 

35-41 

5-70                                        =  100 

e. 

37-64 

21-88 

34-68 

5-80  MnW  trace                  -  100 

f 

37-44 

24-63 

32-23 

5-70                                      -  100 

9- 

87-50 

22-63 

85-34 

1-56  Mg»0  2-12  A1«0«  085  -  100 

These  analyse*  of  the  purer  specimens  lead  to  the  formula  Ca»0.2SiO*  +  CaK).B*0« 
+  aq.  -  Ca«SiK)».2CaB0«+  aq.,  or  2Ca«O.SiO«  +  BK)«.Si0«  +  aq.  -  2Ca<SiO\B'SiO» 
+  aq.  (calc  3815  SiO»,  2115  BW,  34-67  CaK),  558  H*0).  According  to.Fowne8 
and  Sullivan  (Pogg.  Ann.  E^ganzb.  ii.  368),  datholite  contains  a  sm^  quantity  of 
pho^horic  acid. 

Datholite  oocuzs  in  nameroiis  localitiefly  among  which,  in  addition  to  the  above,  may 
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be  mentionetl  Topgiana  in  Modena»  the  islafld  of  Utoe  near  Sweden,  the  Seiaaer  Alp  in 
the  T^rol,  and  Bergen  Hill  in  New  Jersfij*  It  ia  found  in  lunygdalo'id  and  gneisa  ; 
somt^iimes  also  in  hod&  of  iron  on?  in  priraitivo  rocks. 

Botrtftiliie^  a  Tajrjety  of  datliolite  oecumug  in  botryoidal  concnelions,  is  usxially 
rr^gdrded  as  containing  twieo  the  quantity  of  water  shown  by  the  abovi?  fonnulu  (i. 
661).  An  analysis  by  RaramelBberg  gave  36  085  per  oent  SiO»  12  340  BH}*,  36^15 
Ctt'O  and  B'686  water ;  but  Dans  is  of  opinion  that  additional  analyses  ar©  required  to 
■how  that  this  arnoiiiit  of  water  is  conatant. 


D^TXSCA  OAlOr^BIWA.  Sofitard  Hemp.  This  pUmf,  indlg(^!ioufl  in  tho 
Xjfxani  iind  in  India,  is  much  used  in  India,  Italy,  the  sonth  of  France,  and 
other  places  for  coniniumcj^ting  a  permanent  yellow  dye  to  Rilk.  Aceortting  to 
Bmcounot,  the  leavea  contitin  a  prafnliar  colonnng  matter,  da  ti  sea -yellow,  wbtfh 
is  prepiired  by  preeipitattng  the  aqueous  deco<!tioQ  of  the  leaves  with  a  limall  quantity 
of  nouinil  acetate  of  lead,  filtering  to  separate  the  gummy  preeipitate  thereby  formed, 
mixing  the  fdtrate  with  potash,  then  prednitatiitg  completely  with  acetate  of  lead, 
decomposing  the  yellow  precipitate  with  sulphnric  acid,  and  evaporating  the  filtrate. 
Datiscii-yellow  then  remains  m  the  form  of  a  pale  yellow-brown,  tmnslueent  mass, 
insoluble  in  cold  alcohol,  but  easily  solublo  in  water.  The  solution  l*i  coloured  lij^hter 
by  acids,  darker  by  alkalis  and  by  ferrous  sidphate,  bright  yellow  by  alum.  Stuffs 
mordante<l  with  alum  are  dyed  permanently  yellow  by  it  Waltl  recommends  a  cctn* 
centmted  decoction  of  the  plant  mixed  with  a  little  potash  as  a  yellow  ink  (Handw. 
±  Chem.  2^*  Aufl.  ii.  [3]  377). 

HilL-rxsCBTZir,  C'W^O"  (Ston house  [18561  Ann.  Ch.  Pharm.  xcviii.  Ifi6). 
A  prmluct  of  the  decomposition  of  datiscliij  obtained  by  tit*atmg  the  latter  body  with 
aqueous  acids,  or  with  strong  potash,  not  by  the  action  of  yeast  or  emulsin : 

DaUicIq.  DatlAcotln.         Gluooso. 

When  datiscin  is  boiled  witli  dilute  sulphuric  acid,  the  liquid  becomes  turbid  in  a  few 
minutes,  und  deposits  dntidcetiu  in  colourlesa  needlofi. 

As  datiscetin  crystalliaes  very  easily,  it  may  ako  be  prepared  from  the  mother-liqaor 
obtained  in  the  preparation  of  datiscin,  by  precipitating  this  liquor  with  basic  acetat*? 
of  lead,  decompoaing  the  wash^  precipitate  with  wilphydric  acid,  evaporating  tho 
filtrate^  and  boiling  it  with  dilute  sulphuric  acid.  The  datieeetin  thus  obtained  ia 
easily  purified  by  recrystaUisation. 

Datiscetin  ia  tastt-less,  nearly  insoluble  in  water ^  easily  soluble  in  alcohol,  and  ia  pre- 
eipitated  therefrom  by  water.  It  dissolves  in  all  proportions  in  ethert  and  crystallises 
in  needles  on  eraporation. 

DatiscL'tin  melts  at  a  somewhat  high  temperatme,  and,  if  careftdly  heated,  may  be 
partially  sublimed.    Wlien  strongly  heated,  it  takes  fire  and  bums  away. 

Nitrie  acid  acts  violently  on  datiscetin,  even  in  the  cold,  nitrons  acid  being  evolved 
and  a  reeinoufl  substance  formed,  wliieh  ultimately  diasolves  with  red  colour;  on 
evaporating;  the  liquid,  picric  acid  is  obtained,  but  no  oxalic  acid.  Boiled  with  weak 
nitric  a«nd  (1  pt,  orrlinurj"  nitric  acid  to  10  pts.  water),  it  yields  nitrosalicylic  acid- 
Distilled  with  sidpkuric  acid  and  acid  chromate  of  potafsiunt^  it  yields  ody  drops, 
which  funell  like  sulicylous  acid,  and  colour  ferric  salta  purple.  When  datiscetin  is 
gradually  added  to  melting  hydrate  qfpoiassiuni,  it  dissolves  with  deep  orange  colour 
and  evolution  of  hydrogen ;  and  on  supersaturating  the  cooled  mass  with  hydroehloric 
acid,  a  resinous  suhstanco  separates,  which,  when  heated,  yields  a  colourless  sublimate 
of  needle-shaped  crystals,  tuiving  the  aspect  of  benzoic  acid,  but  giving  with  ferric 
chloride  the  reaction  of  salicylic  acid. 

Datiscetin  diflsolves  in  aqueous  alkalh^  and  is  r^recipitated  by  adds.  An  alcohoHe 
aolutiou  of  datis^eetin  forms  with  neutral  acetate  of  lead  a  deep  yellow  precipitate,  con- 
sisting of  C»^H'Pb^O*, 

Z>  A.TZSCOO'.  C"H"0»  A  glucoside  closely  idlied  to  salicin.  It  was  first  obtained 
by  Braconnot  in  1816  (Ann.  Ch.  Phys,  [2]  lii.  277),  from  tho  leaves  of  Batiaca 
canfiabina,  and  to  a  great  extent  correctly  examined ;  but  his  statements  were  so  fiir 
forgotten,  that  the  body  was  universally  regarded  as  identical  with  inultn,  till  Sten* 
house  in  IB55  (Ann.  Ch.  Pharm.  xeviiL  166  ;  Chem.  Gilz.  1&56,  No.  318)  reexamined 
the  roots  of  Datisca  camtabina,  and  showed  that  the  body  obtained  by  Braconnot  was 
really  n  distinct  compound. 

Prfpnration. — The  alcoholic  extract,  of  the  root  is  evaporated  to  a  syrup  and  mixed 
with  half  lis  bulk  of  water ;  the  liquid  in  decanted  from  a  resin  which  separates ;  and  the 
imt>ur«?  datificin  which  eryBtallisefl  by  spontaneous  evaporation  is  pressed  between  pnper, 
and  then  dissolved  in  alcohol ;  on  subeequent  addition  of  water,  a  further  portion  of 

'  I  ftepniiitefl^  and  the  dilute  solution  after  a  while  yields  purer  datiscin.     By  repeat- 
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ing  the  treatment  with  alcohol  and  water  it  is  obtained  quite  pure.  It  may  alBO  be 
treed  from  tannin  by  mixing  the  alcoholic  solution  with  a  small  quantity  of  gelatin, 
the  purification  being  completed  as  above. 

Properties. — Pure  datiscin  forms  colourless  silky  needles.  It  is  sparingly  soluble  in 
cold,  somewhat  more  easily  in  hot  water,  easily  in  cold  alcohol,  and  in  all  proportions  in 
boiling  alcohol,  very  slightly  in  ether.  From  a  strong  alcoholic  solution  it  is  imme- 
diately precipitated  by  water,  from  a  weaker  solution  after  some  time  only ;  fr«m  the 
ethereal  solution  it  separates  by  spontaneous  evaporation  in  large  crystalline  1a"ii?n^. 
The  solutions  of  datiscin  have  a  very  bitter  tasf«,  and  a  neutral  reaction. 

Datiscin  melts  at  180^  C. ;  on  carefully  heating  it  in  a  current  of  air,  it  yields  a 
small  quantity  of  a  crystalline  sublimate.  When  more  strongly  heated  alone,  it  is  car- 
bonised, and  gives  off  the  odour  of  burnt  sugar.  When  boiled  with  dilute  sulphuric 
or  hydrochloric  acid,  it  is  easily  resolved  into  crystallisable  sugar  and  datiscetin  (p.  306.) 
Yeaist  and  emulsin  do  not  appear  to  act  upon  it  Dilute  nitric  acid  dissolves  it  eren 
in  the  cold,  converting  it  into  picric  and  oxalic  acids.  Stronger  nitric  add  forms  the 
same  products. 

Datiscin,  although  neutral  to  test-paper,  nevertheless  exhibits  with  hoses  the  pro- 
perties of  a  weak  acid,  dissolving  with  deep  yellow  colour  in  aqueous  alkalis,  and  in 
lime-  and  bai^a-water,  and  being  separated  therefrom  by  acids.  The  aqueous  solu- 
tion of  datiscin  forms  a  light  yellow  precipitate  with  acetate  of  lead,  either  neutral  or 
basic,  also  with  stannic  cSoriae,  greenish  with  cupric  salts,  brownish  ■with  ferric  salts. 
By  boiling  with  strong  potash4ey,  it  is  decomposed,  with  formation  of  datiscetin. 
Mdiing  potash  acts  in  uke  manner,  but  the  resulting  datiscetin  suffers  fUrther  decom- 
position (p.  306). 

llATOXiITB.    Syn.  with  Datholttb. 

llATinUL.  A  genus  of  plants  belonging  to  the  solanaceous  order.  The  herb  and 
■eed,  especially  the  hitter,  of  the  common  thorn-apple,  Datura  Stramonium,  contain  a 
poisonous  alkaloid,  daturine,  which,  according  to  Plant-a,  is  identical  with  atropine, 
The  herb  and  seeds  contain  also  an  organic  acid,  which  Peschier(N.  Trommsd.  xxy. 
2,  83)  regarded  as  peculiar,  and  distinguished  by  the  name  daturic  acid ;  but  ac- 
cording to  Brandos  (Buchn.  Bepert  viiL  1),  it  is  nothing  but  malic  acid.  The  ash  of 
the  seed  contains  17*8  per  cent  potash,  12*6  soda,  3*6  lime,  16*6  magnesia,  3*4  ferric 
oxide,  30*6  phosphoric  anhydrioe,  4*6  silica,  and  10*2  charcoal.  (Souchay,  J.  pr. 
Chem.  zxxviii  32.) 

The  flowers  of  thorn-apple  are  said  also  to  exert  a  poisonous  action.  The  leaves 
and  seeds  are  used  medicinally  as  a  narcotic 

The  seeds  of  Datura  arborta  contain  daturine,  malic  acid,  fixed  oil,  &c.  The  ash 
eontains  in  100  pts.  8*5  potash,  4*6  soda,  7*0  lime,  11*4  magnesia,  95  alumina,  21*2 
silica,  6*7  sulphuric  anhydride,  2*d  chlorine,  and  13*4  carbonic  anhydride.  (Walz,  J. 
pr.  Pharm.  xxiv.  356.) 

BAirCUV  CJUtOTAa  The  carrot  The  roots  of  this  well  known  esculent  con- 
tain a  red  colouring  matter,  carotin,  C**H'*0,  together  with  a  colourless  substance 
hydrocarotin,  C"H*0,  from  which  the  red  compound  is  probably  formed  by  oxida- 
tion as  the  root  ripens.     (See  Cabotin,  i  806.) 

Carrots  contain,  according  to  Wackenroder,  a  colourless  volatile  oil,  sugar,  and 
starch,  and  the  residue  left  on  evaporating  the  recently  expressed  juice,  contains  9*3 
per  cent  uncrystallisable  sugar,  0*3  carotin,  1*0  fixed  oil,  together  with  starch,  malic 
acid,  albuminous  substances,  ash,  &c. 

Bibra  found  in  fresh  carrots  87*4  per  cent  water,  and  in  the  air-dried  root  16*1  per 
cent  water,  0*06  fat  and  carotin,  0*6  resin  and  oil,  29*0  sugar,  3*0  inulin,  2*8  albumin, 
11*8  organic  acid,  and  37*8  cellidose.  Schmidt  found  in  carrots  grown  on  various 
soils,  from  86*6  to  87  0  water,  and  in  the  dry  substance  7*2  to  8*0  cane-sugar.  Volckel 
liwind  in  100  pts.  offish  carrots,  87*3  per  cent,  water,  6*6  sugar,  02  oil,  0*8  gum  and 
pectin,  0*6  nitrogen -compounds,  and  3  "I  cellular  tissue. 

Rittliausen  found  in  large  field-carrots  weighing  from  168  to  1256  grms.,  from  84*6 
to  87*8  per  cent,  water,  and  in  the  dry  substance  1*0  to  1*3  per  cent,  nitrogen,  and  6-0 
to  8*7  per  cent,  ash-constituents.  The  proportion  of  nitrogen  in  the  entire  carrot  is 
0*3  per  cent  (Boussingault),  0*2  (Millon),  0*2  to  0*3  (Schmidt).  (Handw.  d. 
Chem.  2**  Aufl.  ii.  [3]  381.) 

For  Way  and  Ogston^s  analysis  of  the  ash  of  the  carrot,  see  toL  i.  p.  807. 

BAVFSZVrm.    Syn.  with  Anatasb. 

HAVIIMOWXTB.  An  impure  variety  of  ber^l,  found  in  the  coarse-grained  granite 
vein  near  Tory  in  Abradeenshiro,  and  in  the  Rubieslaw  mine.  Contains  12*6  per  cent 
gbeina^ 

The  minez^s  safety-lamp.    (See  yoL  i  p.  1101.) 
x2 
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DAVYNE  —  DECOLORIMETER. 


DitVYSfE.    A  Tari^ly  of  neplielinp  from  Vesuvius.     See  NsPHHLnnw 

DAVT^IU    Sya.  with  STTPTEttrTR. 

DEC  AIiTTA-XXOir^  Tho  BeporatioD  of  a  clear  liquid  from  a  predpit&to  or  deposit 
by  inclining  the  vessel  and  suffering  the  liquid  to  run  oiit.  The  be«t  form  of  vesflel 
for  the  purpose  i»  the  ordinary  beaker  glasa  having  ita  cdg^  inclined  oatirarda,  but 
not  turned  over,  aud  r^^ndered  smooth  by  fiujaion,  not  ctit  or  ground.  The  sides  ehotild 
be  peTpendit?uiar  or  elightly  inclining  outwards  Irom  top  to  bottom,  ami  tho  Ijottom 
^aU  or  with  only  a  slight  iiidentfltion  inwards  in  themitidle.  It  is  important  tJi at  the 
pides  and  liottOTn  be  of  uniform  thickDees,  so  that  the  l>e;iker  may  be  heated  in  tko 
sand-bath  without  ft-ar  of  cracking,  as  tho  application  of  heat  is  often  neceBsaiy  to 
make  a  precipitate  8ul>«ide  completely. 

The  glass  should  not  be  filled  abovo  f  or  f  of  ita  deptb^  bb  otherwise  the  fltroam  of 
li<^tad  which  run?*  out  on  inclining  the  vessel,  makefi  too  sharp  an  angle  witJi  the  side, 
anil  a  portion  of  it  i«  ver}'  apt  to  run  down  the  edge.  In  many  cases  tfiis  inconvenience 
may  bf  obviated  by  smearing  the  edge  with  a  little  Ullow  or  lard ;  but  with  hot 
liquids,  or  such  as  dissolve  fats,  like  caustic  alkalis  or  ether,  tliis  method  is  of  course 
itiapplicable»  The  decautation  may  often  be  greatly  fuoilit^ted  by  holding  a  wet  ghisfl 
rod  in  a  nearly  vertical  position  against  tho  edge  of  the  bcjiker,  so  as  to  cause*  the 
iitr*"2iTO  of  liquid!  to  ruu  down  it :  this  method  prevents  the  liquid  from  running  down  the 
fiid*\*^  of  the  beaker,  and  also  enables  it  to  run  into  the  Inwcr  vessel  without  si>laAhing, 

It  iH  only,  howevi^r,  from  very  heavy  precipitates  that  a  liquid  ca.n  be  thus  detaut-d 
without  carrying  some  of  tbe  solid  pjtrtidefl  with  it.  For  preparations,  in  which  the 
lof^s  of  a  few  particles  IB  unira]x>rtant,  simple  decantdtion  is  often  adTantngeoujily 
K'sorted  to;  but  for  quantitative  an alysiJJi  excepting  when  the  precipitates  are  veiy 
heavy,  like  metallic  gold,,  or  clotted,  like  chloride  of  silver,  complete  aefmration  cannot 
be  effected  without  filtration.  This  operation  and  the  subsequent  washing  may,  how- 
ever, be  greatly  facilitated  by  first  lea^-ing  tho  precipitate  to  subside  &n  ettmplotely  as 
pitssible,  thf  n  pcmring  the  clear  liquid  as  above  into  tho  filter^  and  after  it  has  run 
through,  rinsing  tbe  precipitate  in  the  beakej-  with  pure  water,  pouring  this  thn>tigh 
the  filter,  again  washing  tho  precipitate  witJi  wat^r,  and  so  on,  till  the  greater  part  of 
tlie  soluble  matter  is  removed.  The  precipitate  is  tbeii  to  be  poared  on  to  the  filter, 
and  the  washing  complet-ed.  This  mode  of  proceeding  saves  time,  and  enablea  th« 
woiihiiig  to  be  performed  nith  a  much  smaller  quantity  of  water  than  if  the  liquid  and 
precipitate  were  at  once  thrown  in  the  filter.  (For  fvulher  details,  bco  Haudw,  d, 
Chcni.  2**  Aufl-  i.  11,  art.  Aboiessen.) 

DECSlSirz^S.  A  naf  ive  vanadate  of  le^id  from  tho  Lauter  valley  near  Nieder- 
ftohlutteubarh  in  Khcnisb  Bavaria^  where  it  dvurs  in  botryoidal  cry.<^tAlline  ina£8«s  and 
scaly  deposits,  of  dark  red  to  yellowish  colour,  translueent,  with  waxy  lustro  on  tho 
recently  fractured  surfaces.  Specific  gravity  =6*81.  Hardness  s»4'0.  Melta  duiily 
beforf'  the  bIo\^iape  to  a  3'ellowish  bead  ;  on  charcoal  it  yields  globules  and  a  deposit 
of  lead,  sometimes  emittiug  an  odour  of  arsenic  With  borax  and  phosphoni8*«aJ  t^  it 
gives  the  reactions  of  vanadium ;  with  »oda  it  melts  to  a  white  enamel.  Soluble  in 
dilute  nitric  acid  and  in  hydrochloric  add. 

According  to  C.  Bergmann's  analvsi**  tbe  dark  red  variety  i?ontAln0  47*2  per  cenL 
VK>"  and  52-9  Pb'O;  the  yellowish 'variety,  49'27  V'O*  and  60 '5  7  PbK);  whence  tho 
fonnnla  PhK).V*0"  or  PbVO*.  According  to  Brush  (SilL  Am.  J.  [2]  3Lxiv.  116),  it 
contains  a  considerable  quantity  of  zinc,  and  is  identical  with  ard[M)xene  (L  354), 

SSCOCTZOSr.  The  operation  of  boiling.  This  term  is  likewise  vised  to  denote 
the  liquid  itself,  which  has  bct^  mode  to  take  up  certain  soluble  principles  by  boiling. 

DBCmisPlTAXlOV.  The  crackl  ing  noise  which  several  fdta  make  when  sud- 
dt  nly  heated,  accomftanied  by  a  violent  exfbliation  of  their  particles.  The  effect  ii 
generally  due  to  the  sudden  conversion  of  the  water  enclosed  within  their  sub«taneo 
into  steam ;  not,  however,  the  combined  water,  for  the  ealta  wliich  decrepitate  mo(rt 
powerfully  are  anhydrous  salts,  chlorate  of  potasaiiim  and  nitrate  of  lead,  for  example; 
and  thoHe  whieh  contain  water  of  CTyataUiaatJon  generally  tusQ  quietly  when  heated. 
Tho  water,  which  is  the  cause  of  decrepitation,  is  merely  mechanically  endoscd 
between  the  solid  particles  of  the  body.  Decrepitation,  especially  in  natural  minerals, 
is  also  ftoquently  due  to  the  unequal  expansion  of  the  laminas  which  compose  thera,  in 
eoDsequencG  of  their  Ijeing  imperfect  conductors  of  heat,  like  glass  and  east  iron.  The 
true  cleavage  of  minerahi  may  oit«n  be  detected  in  tlils  way^  for  they  fly  asunder  at 
t  he  ir  natoral  fi«t<  u  res, 

l>SCOZiOKX9itfiT2^  An  instrument  invented  by  Payen  lor  estimating  the 
decolorising  power  of  charcoal.  It  depcmds  upon  the  fact  that  a  longer  column  of  a 
comparatively  lighter  coloured  liquid  exhibits  by  transmitted  light  the  same  depth  of 
colour  as  a  proportionally   shorter  column  of  a  more   stixjngly-colottred    solutiom 
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JDiction.  Techn.  viiL  532.    DingL  Polyt.  J.  xxvii.  372 ;  Handw.  d.  Chem.  2*«  Aufl.  iL 
^SJ  383.} 

BacoiIVOSZTZOV.    See  Chemical  Affikitt  (i.  853). 

BBOBHOrra  or  BSOBSOBXTB.  An  amorphous  brown  mineral,  found  near 
Stansrik,  on  Degero,  not  far  from  Helsingfors  in  Finland.  It  contains,  according  to 
Thoreld's  analysis,  36*6  p.  c.  silica,  137  water,  41-4  ferric  oxide,  116  ferrous  oxide, 
2-9  lime,  2*5  magnesia,  0*8  alumina,  and  a  small  quantity  of  phosphoric  acid :  it  appears 
to  be  a  product  of  decomposition.     (Arppe,  Analyser  af  finaka  mineralier,  p.  18.) 

BXXAMBA,  or  Congo  Tobacco^  is  a  plant  growing  wild  in  the  marshy  districts  of 
Congo,  the  flowers  of  which  produce  a  narcotic  effect  when  smoked,  and  are  much  used 
in  the  locality. 


fOVXTB.    A  manganiferous  bole  from  Michac,  Dep.  do  Dordogne,  in 

France.  It  is  amorphous,  reddish-white  or  red,  slightly  translucent  on  the  edges. 
Hardness  »  1  to  1*6.  Fracture  splintery.  Lustre  sb'ghtly  waxy.  Adheres  strongly 
to  the  tongue,  and  becomes  somewhat  plastic  by  immersion  in  water.  Decomposed  by 
sulphuric  acid.  An  analysis  by  C.  v.  Hauer  gave  5055  SiO*,  1915  A1*0»,  063  CaK) 
4-40  Mn«0,  24  05  H'O  Ttotal  9878).  Of  the  water,  1405  pts.  go  off  at  100° C,  and 
the  remainder  at  a  red  neat    (Jahrosber.  d.  Chem.  1853,  p.  829.) 


Ferruginous  chlorite.    (See  CHLOBrm,  i  914.) 

BBXiZQVBSCBVCB.  The  property  which  certain  veiy  soluble  salts  and  other 
bodies  possessed  of  absorbing  moisture  frx>m  the  atmosphere,  and  dissolving  therein. 

BB&VSZV.  Delphtnin,  Phocenin^  DolpMn-fatt  HuUe  de  Dauphin.  (Chevreul 
[1818]  Ann.  Ch.  Phys.  [2]  xxii.  374. — Recherchea  sur  Us  corps  gras.  pp.  190,  287,  and 
467.— Berthelot.  Ann.  Ch.  Phys.  [3]  xlL  251). 

A  neutral  fat  found  in  the  oil  of  Jklpkinus  globiceps,  D,  Phocaa,  and  D.  marginatus ; 
it  has  not  yet  been  obtained  in  the  pure  state,  the  olein  not  having  been  completely 
separated. 

To  prepare  it,  100  pts.  of  dolphin-oil  are  dissolved  in  90  pts.  of  warm  alcohol  of 
specific  gravity  0*797  ;  the  solution  is  decanted  from  the  oil  which  precipitates  on 
cooling,  and  distilled  with  water ;  the  oil  which  remains  in  the  retort,  and  consists  of 
a  mixture  of  delphinin  and  olein,  is  separated  from  the  wateir  liquid  and  treated  with 
cold  dilute  alcohol ;  and  the  alcohol  is  evaporated,  after  the  solution  has  been  separated 
from  the  undissolved  olein. 

Delphin  is  an  oil  very  mobile  at  17^  C;  specific  gravity  0-954  (Chevreul),  0*948 
(Berthelot).  It  has  a  faint,  peculiar,  somewhat  ethereal  oilour,  like  that  of  valeric 
add.    Does  not  redden  litmus.    Boiling  point  258^  C.     (Berthelot.) 

It  dissolves  abundantly  in  hot  alcohol  The  alcoholic  solution,  diluted  with  a  large 
quantity  of  water,  and  distilled,  leaves  delphin,  which  reddens  litmus  from  containing 
free  valeric  acid.  The  fat,  when  exposed  to  warm  air,  likewise  acquires  the  power  of 
reddening  litmus,  and  a  powerful  odour  proceeding  from  the  liberated  valeric  acid. 
Delphin  neated  to  100^  C.  with  an  equal  quantity  of  oil  of  vitriol,  and  then  left  to 
itself^  gives  off,  afl«r  a  week,  the  odour  of  valeric  and  sulphurous  acids ;  water  added 
to  it  takes  up  sulphuric,  sulphoglyceric,  and  valeric  acid,  and  glycerin,  and  leaves 
an  oily  mixture  of  valeric  acid,  oleic  acid,  and  a  small  quantity  of  unsaponified  fat 
100  pts.  delphin  saponified  with  potash,  yield  36  pts.  valeric  acid,  59  pts.  oleic  acid, 
and  15  pts  of  glycerin. 

100  pts.  of  the  oil  of  the  common  porpoise  (Delphinus  Pkocad)  saponified  with  baryta 
yielded  82*2  pts.  of  fixed  fatty  acids,  16*0  pts.  phocenate  (valerate)  of  barium,  and 
14*0  glycerin,  or  6*7  pts.  glycerin  to  10*0  pts.  valeric  acid  (C"H**0*).  The  same  oil 
treated  with  alcohol  yield^  successively  three  oils,  containing  respectively  4*4  pts., 
4*4  ptj.  and  5*1  pts.  glycerin  to  10.  pts.  valeric  acid.  The  first  of  these  three  oils  when 
•gain  treated  with  alcohol,  yielded  a  new  liquid  (phocenin)  containing  2*7  pts.  glycerin 
to  10  pts.  of  valeric  acid  (Chevreul).  The  oil  of  Ddphinvs  globiceps  was  found  to 
contain,  besides  fixed  fatty  acids  and  cthal,  5*9  pts.  glycerin  to  10*0  valeric  acid.  Now 
fior  10  pts.  of  valeric  acid,  monovalerin  contains  9*0  pts. ;  divalerin  4*5  pts.,  and 
trivalcnn  3*0  pts  of  glycerin.  Hence  it  appears  that  phocenin  is  intermediate  in  com- 
position between  the  artificial  valerins,  and  may  therefore  be  regarded  as  a  mixture  of 
them — a  conclusion  further  warranted  by  its  separation  into  valeric  acid  and  glycerin 
by  saponification.    (Berthelot) 


BB&FBXVXC  ACZB.  Phocentc  acid.  The  acid  thus  denominated  by  Chevreul, 
and  discovered  by  him,  first  in  dolphin-oil  and  afterwards  in  the  ripe  berries  of  the 
guelder  rose,  is  now  known  to  be  identical  with  valeric  acid. 
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(Lasaaigne  and  Feneuille  (1820),  Ann.  Ch,  Phys.  xii  afiS, 
Braiidcs,  Setiw.  J,  xxt.  369*  O.Henry,  J*  Phanii.  xTiii.  661.  Couerbe,  Ana, 
CIk  Vhys.  lii.  362.)  An  alkaloid  dinooTered  by  Lasiuiigne  and  Feneuille,  in  the  Bd* 
phinium  Staphisaf^ria^  or  St&Tf^acTe.    It  is  thna  obtained :  — 

The  seedB,  depriTed  of  their  hoBka,  and  ground,  are  boiled  in  a  small  qunntity  of 
distilled  water,  and  then  pressed  iu  a  doth.  The  decoction  is  filtoretl,  uiid  boiled  for 
a  ftw  miimt^s  with  pure  magnesia.  It  mu«t  then  b©  refikercd,  mid  the  refliduo  left 
on  the  (liter  well  waahcdj  and  then  boiled  with  liighlj  rectified  uleohol^  which  diasolTes 
out  the  alkali.  By  evaporation,  a  wMte  pulverulent  nubstuncef  presenting  &  few  cryB- 
talline  pointii,  is  obtained. 

It  miiy  also  be  procured  by  the  action  of  dilute  Bulphuric  ncid  on  the  bnjfflrd  but 
uushelled  ieeds.  The  Bolution  of  sulpbate  tbu*H  formed  ii?  precipitated  by  eorbouate  of 
potossiiim.  Alcohol  separates  the  base  from  this  precipitate  in  an  impuro  state.  It 
may  be  purified  by  treating  it  with  boiling  water  to  separate  a  smaU  qtumtit^  of  nitre, 
then  digesting  the  residue  with  etheFi  which  diflsolyes  out  the  pure  delphiaine,  and 
eTaporating  the  ethereal  solution  (Couerbe).  The  matter  insoluble  in  ether  Couerhe 
designat«>0  ba  Staphiaaine, 

Delphinine  ia  ilightly  yellow,  hut  yields  a  nearly  white  ptowdcr.  It  does  not  crys- 
tallise. Ita  taste  is  hitter  and  acrid.  When  heuted  it  melts^  and  on  cooling  becomes 
hard  and  brittle  like  resin.  If  more  highly  heat^-d,  it  blackens  and  is  decomposed. 
Water  dissolTes  a  Tciy  small  portion  of  it.  Alcohol  and  ether  di'isolve  it  very  rejulily. 
The  alcoholic  solution  renders  syrup  of  violets  green,  and  rcatores  the  blue  tint  of 
litmus  reddened  by  an  acid*  It  forms  soluble  neutral  salts  with  acids.  AlkalU  pre- 
cipitnte  the  delphinine  in  a  white  gelatinous  state,  hlce  alumina. 

Sidphatfi  of  Btfphinine  does  not  crystallise,  but  becooies  a  tTanflparent  miiss  like 
gum.     It  dissolves  in  alcohol  and  water,  and  its  solution  has  a  bitter  acrid  taste, 

Niiraif  of  Ddjphininf^  when  evaporated  to  dryaess^  is  a  yellow  crystalline  muss.  If 
treated  with  excess  of  nitric  acid^  it  becomes  conrertod  into  a  yellow  matter,  little 
soluble  in  water,  hut  soluble  in  boiling  aloohoL  This  Bolution  is  bitter,  is  not  pre- 
cipitated by  potash,  ammonia,  or  lime-water,  and  does  not  appear  to  contain  nitric  acid, 
though  it  is  not  aUc&linc.  It  is  not  deutroyed  b^  further  quantities  of  nitric  acid, 
nor  does  it  form  oxalio  acid.  Defphinine  is  distinguished  from  strychnine  and 
morphine  by  not  assuming  a  red  csolour  when  treated  with  nitric  acid.  The  A^dro- 
cMorate  is  very  soluble  in  water. 

The  Aeelale  of  Ddohinine  does  not  ciTBtalliBe,  but  forma  a  hard  transparent  masa^ 
bitter  and  acrid,  and  readily  decomposea  by  cold  sulphuric  acid.  Th©  oJtahte  forma 
small  white  platM,  resembling  in  taste  the  preceding  salts.  (La^isaigne  and  Fe- 
neuille.) 

Dt^lpliinine  produces  tmuseji  when  taken  intenially,  and  excites  a  prickly  burning 
sensation  when  rubbed  on  the  skin.  It  ia  said  to  act  on  the  nervous  s^'Sttim^  and  is 
used  as  a  remedy  in  chronic  swellings  of  the  ghmds. 

osxpsnrxTa.    Syn.  with  Ephhjtb. 

OBXiPBUmnm,  The  seeds  of  IkJphimum  Siaphuafjria  eoutjun,  in  100  pts., 
19"  1  pt.  of  an  oU  for  the  most  part  Boluhlo  in  alcohol,  1*4  stearin,  81  delphinims 
together  with  gum,  starch,  &c.  According  to  Couerbe,  they  coutun  also  staphi^ugrine, 
and  according  to  HofscMiiger,  a  peculiar  acid. 

SBUPHXVOlfB.     Sj-n.  with  YAUmOKB. 

ABIiVAllXITB*  Bdrmitscw!.  A  bjdrated  feme  phosphate  occurring  (it  Eemean 
near  Vis6  in  Belgium,  in  black  or  brown-black  kidney-shaped  masises,  having  a  |>«r* 
foctly  conehoYdal  fracture.  Before  the  blowpipe,  it  melts  to  &  green  magiietie  globole. 
Ita  composition  may  be  exjo^sscd,  according  to  Rammolsbcrg,  by  the  formula 
2l^e*OM*=0*  +  24H^,  but  it  is  generally  miied  with  carbonate  of  calcium  und  silica* 
C.  V.  H  auer  (J.  pr.  Chem.  Mii.  16)  anaJyae*!  two  specimens  of  thia  mineral :  (i.  from 
the  locality  above  mentioned,  d.  from  Leoben  in  Styria.  The  former  gave  off  12 '2  p.  c. 
water  at  lOtl^  C,  and  13  84  p,  c,  more  at  a  rod  heat ;  the  latter  12*8  p.  c,  at  lOO*^. 
and  13*91  at  a  red  heat.  After  drying  over  chloride  of  calcium,  the  former  contained 
17-02  p.  c.  water,  the  latter  1679.  these  biat  amounts  of  wat**r  are  adopted  in  the 
calctilatioii  of  the  following  analyses,  aiter  deducting  2^08  silica  in  a  and  1-24  silica  in  b  i 


b. 


Pf0« 

20-93 
20*04 


62*03 
62  64 


7-94 
8-37 


mo 

19-08 
19-04 


Total, 
99-98 
90-99 


From  the^e  analyses,  Haner  deduces  th*  formula  2Ca«0.P«0*  +  6Fe*0»JP»0*  +  16HK>. 

dnCZXIOPfXTS.     A  mineral  fiNjin  Nischne  Tagilsk  In  tho  Ural,  where  it  occurs 

as  a  thm  coating  on  malachite ;  it  was  formerly  caUcd  blue  malaebitci.     Its  aurfaco 
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is  tolerably  speeolar,  and  covered  with  fine  cracks.  Colour  sky-blue,  sometimes  with 
a  tinfle  of  green.  It  is  amorphous,  translucent  on  the  od^es ;  brittle.  Hardness  =  2. 
Specific  gravity  2*25.  It  consists  essentially  of  cupric  silicate.  Analysis  gave  31*56 
8iO»,  9-63  A1*0\  33-14  Cu«0,  3-16  MgH),  and  2303  H«0.  (Nordenskiold,  SilL 
Am.  J.  zxiv.  116.) 

BSVSKAOBATaS.    Moflfl  agate  (I  62). 

BnSSXTBS.  Dendritic  or  arborescent  forms  indicate  imperfect  cirstallisation, 
the  crystals  laying  themselves  end  to  end  in  long  aggregations,  somewhat  like  the 
branches  of  a  tree.  This  mode  of  grouping  is  particularly  frequent  in  bodies  which 
crystallise  in  the  regular  system ;  striking  examples  are  aflforded  by  the  native  metals, 
copper,  silver,  and  gold.  The  ores  of  manganese  also  frequently  form  dendrites  in 
cracks  of  rocks,  and  even  in  the  interior  of  minerals,  as  in  compact  magnesite,  and 
in  the  variety  of  carbonate  of  calcium  used  as  lithographic  stone.  Grood  examples 
of  artifical  dendrites  are  afforded  by  the  so-called  lead  and  silver  trees,  formed  by  pre- 
cipitating those  metals  from  their  solutions  by  another  metaL  Kemarkable  dendritic 
crystallisations  of  iodide  and  chloride  of  potassium  are  described  by  Warington 
(Chem.  Soc.  Qu.  J.  v.  136 ;  viii  31 ;  see  also  Cbtstalloobapht,  p.  159). 

BSOZZDATZOV.  The  abstraction  of  oxygen.  This  term  is  to  a  certain  extent 
synonymous  with  reduction,  but  it  is  sometimes  restricted  to  partial  abstraction  of 
oxygen,  the  term  reduction  being  applied  to  the  total  abstraction  of  that  element: 
thus  peroxide  of  manganese  is  said  to  be  deoxidised  by  heat;  oxide  of  silver  to  be  re- 
duced ;  this  distinction  is,  however,  not  very  frequently  made.  The  abstraction  of 
oxygen  (or  other  electro-negative  radicle)  from  a  compound  is  evidently  equivalent  to 
the  addition  of  a  metal  (or  other  positive  radicle) ;  thus  the  conversion  of  ferric  oxide 
Fe*0"  into  ferrous  oxide  Fe*0,  is  the  same  as  the  addition  of  Fe'  to  the  former, 
whereby  it  is  converted  into  Fe*0'.  A  deoxidising  agent  may  therefore  be  called  a 
metal-cdding  agents 

BBPBXJBOBKATZOV.  An  old  term,  applied  to  the  process  of  freeing  spirituous  or 
acid  liouids  from  water  {jphle^^ma).  The  apparatus  used  for  this  purpose  in  distilleries 
are  called  dephlegmators. 

BBPX&OOZSTZCATZOVt  or  the  abstraction  of  phlogiston,  was,  according  to 
Stahl's  theory,  the  process  of  combustion  (L  1089).  The  "  dephlogisticated  "  bodies 
of  this  system  were  in  part  the  same  as  those  now  called  "  oxidised :  "  thus  oxygen 
was  dephlogisticated  air,  litharge  was  dephlogisticated  lead,  chlorine  was  dephlogisti- 
cated  muriatic  acid,  &c. 

BBPZ&JLTOKZBS*  Substances  used  for  removing  the  hair.  Such  are  rhusma 
(Rhtuma  turcorum\  sulphydrate  of  calcium,  &c 

BBBXATZV.  Dermatite, — A  silicate  of  iron  and  magnesium,  M'SiO'  +  2aq. ; 
occurring  at  Waldheim  in  Saxony,  in  kidney-shaped  and  stalactitic  masses,  unctuous 
to  the  touch,  of  dark  green  or  brownish  colour.  Hardness  =  2-5.  Specific  gravity 
2*1.    Dwarepitates  and  blackens  before  the  blowpipe. 

According  to  two  analyses  by  Ficinus  (Min.  Ges.  zu.  Dresden,  iL  215)  it  contains : 

SiO>        Mg20       FeSO       MnK)    WO    C0«   Al^O^      Ca^O      NaSQ 

35-80      23-70      11-33      225       26-20      0-42      083      0-50  -  100-03 

40-17      19-33      14-00      1-17       2200      083      0-83      133  S0«-  0-43  -  100 10 

BBV8ITT*    See  Specific  Gravitt. 


BBSCJ&OZZZTB,  FbVO'  or  2FhO.  FO*.  An  ore  of  vanadium  from  La  Plata.  It 
is  found  in  rhombic  crystals  1  or  2  millimetres  thick,  of  a  dark  olive  colour  and 
strong  lustre,  reddish-brown  by  transmitted  light,  and  yielding  a  brown  streak. 
Hardness  3-5.  Specific  gravity  5-839.  The  crystals  are  united  in  bolsyo'idal  groups 
and  are  implantea  on  quartz-rock,  together  with  pyromorphite.  On  charcoal  before 
the  blowpipe,  the  mineral  pelds  a  metallic  bead  of  lead,  together  with  a  black  slag. 
Dissolves  in  cold  dilute  nitnc  acid,  leaving  a  residue  of  manganic  oxide  and  quartz. 
The  mean  of  two  analyses  gave  2246  per  cent  VK)*,  54-70  jn)«0,  204  Zn*0; 
0^  Cu«0,  5-32  Mn'O,  150  Fe'O",  220  H«0,  032  Ci  and  9-44  insoluble  residue,  con- 
sisting of  manganic  oxide  and  silica.    (A.  Dam  our,  Ann.  Ch.  Fhys.  [3]  xlL  72.) 

BBSMDJVs    See  Stelbitb. 

ACTXB.    Syn.  with  IUckmo-carbonic  Acid. 

The  noise  accompanying  the  sudden  decomposition  of  a  com- 
pound or  mixture  of  chemical  compounds,  or  the  sudden  combination  of  two  or  more 
•ubstancee,  aB  the  union  of  oxygen  and  hydrogen  under  the  infiuence  of  heat  or 
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d«*rtrtcity,  of  chloiino  and  hytlroi^cfi  under  tliiit  of  lig^bt,  tho  do^rompOBiticrn  of  fiilmi- 
nfttiiig  silrer,  of  chlorido  or  iodido  of  nitrogen,  Sec,  tho  combustiuu  of  sulphiLT  or 
photstpiioru^  when  iniLKed  with  chlondfl  of  potaBsiiim,  and  stnick  or  trituniteilj  the 
explotfion  of  gunpowder,  Slc,     In  all  (iiese  cases,  the  uoijso  is  dua  to  the  ooucussion  of  I 
the  air  resulting  from  the  Budden  production  of  a  large  quantity  of  gat ;  a  mixture  oil 
oxygen  and  bjdrogen  exploded  by  tho  eloctric  spark  in  a  tightly  chn&X  Ti'ssel,  pTodiioeil 
no  rpport 

HSlTTO-COBSPOiraraS*  Tho  proper  nsB  of  tho  pr^fbc  dm  to  (from  Zmvrtpoi)  1$  ] 
to  dcmot^a  the  second  in  order  of  the  terni«  of  any  series:  thnw,  in  the  several  scries  of  I 
oxide*  Fo'O.  Fe*0«;  Ma'O,  Mii*0»,  Mii*0»;  Pb*0,  PL-0,  Pb^D",  Pb-'Q^  SnO,  SuO«  f 
the  compounda  Fo*0\  Mti*0*  Pb-0,  SuO=*  anj^  properly  *ii)eiiking,  the  deutoxides  of  tliqi  I 
respnctire  metals,  the  drulo  detjoting  simply  the  place  of  the  componnd  in  the  B^^rieSg  i 
not  ita  atomic  compodtion.  8ueh,  indtH'd,  was  the  original  use  of  thiij  pn.*tix ;  but  it  I 
bus  often  been  csomounded  with  hi  or  di,  which  properly  refers  to  the  conBtitotion  of] 
the  compound^  as  eomparrnl  with  that  of  tho  prr>to-  or  mofto-eompound  of  the  »ime  i 
fleriefl.     It  is  not  Rt  present  so  much  used  as  formerly. 

X^EVmoTTS.     Syn.  with  Wavkllitb. 

I> JU  W  iSiritlTSL  An  amorphous  hydratod  Bilieiito  of  magnesium^  oecurnug  witli  ^ 
serpentine  at  MiddJcfidd,  Massachusetts,  in  Texai  county,  Pennsylvania,  at  Bane 
Hiil«»  Maryland,  and  in  the  TjroL  Hiirdacss  =2  to  3-5.  Sp<'cific  gravity  «=  2*2-16, 
Middlefield  (Shepard);  ilU  to  2  31,  Baro  Hills  (Tyson);  2'216  ibid.  (Thom- 
»on);  1*936  to  2'165  Tyrol  (Vellachf*r),  Colour,  whitish,  yellowish,  wine-yellow, 
greeniah,  reddish.  Translucent  Brittle  and  often  madi  cracked,  Before  the  blow- 
pipe it  decrepitates,  become«  opaque,  and  fuses  with  great  difficulty  on  tho  edge«,  la 
powder  it  forma  with  borax  a  transparent  glasa. 

Anaiytes. —  a,  Middlefield  (Shepard,  8ill.  Am,  X  xviii.  31,  1830;  analysis  im* 
perfect). — A.  Texas,  Pennsylvania  (Broi^h,  Dana's  Mineraiofff/,  ii.  286), — c.  Bare 
hills  (Thompson,  Phil  Mag-  1843,  I'dlj.—d.  Tyrol  (Vellacher,  Zcitsch.  GwL 
GeselladL  iii.  222).— <•.  Ibid.  (Kobell,  Mimch.  gel  Ang.  xxxiii.  1>— /  lind.  (Wid- 
termann,  Jahrb.  geoL  Keichsauat.  iv.  626.) 
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Hencfi  the  formula  4Mg*0.3SiO*  4-  6  aq.  or  2Mg^iO*.Mg<8iO*+  6  aq. 

The  mineral  from  Bare  Hillfl,  and  that  from  the  Tyrol,  analysed  by  Widt<?rm*nn, 
have  been  eallod  gi/mnite;  but  they  belong  to  tho  same  spotiea  as  the  rest. 

An  earthy  variety  from  the  Trrol  yielded  4906  SiO^  2860  Mg*0,  16  25  H*0,  0  6» 
Fe*0»,  4-76'  CO'  (=  99'28).     (^idtermann.) 

XmXTRXV.  C''H"'0*,orC*'//«»C>**.  British  qum.  Leiocomr.  (BiotandPersoz,  Ann. 
Ch.  Phys.  [2J  Hi.  72.  Pay  en,  i/>id.  W.  226;  Ixi.  372 ;  Ixv.  225.  334,  On  e  r  i  n  *  Varry, 
ibid.  Ix.  68.  J  tt  c  q  u  e  1  a  i  n,  ibid.  [  3  ]  v iii.  2  25.  B  ^  c  h  a  m  p»  Compt  rend.  li.  266.  G  m.  xV, 
185.) — ^When  starch  is  subjected  to  a  high  tempcrat^ire,  or  to  the  action  of  dilute  acids  or 
alkalis,  or  of  diastase,  it  is  converted  into  anew  substance,  identical  in  composition* 
but  poaseeatng  totally  different  properties,  being  complet<?ly  soluldc  in  boiling  water* 
and  fonning  a  solution  which  turns  the  plane  of  polarisation  of  a  luminona  my  to  the 
right;  hence  the  name  dextrin.  This  compound  is  aIjio  formed  from  starch  by  the 
action  of  saliya,  bile^  blood'^emm,  pancreatic  juice  and  other  animal  matters,  and  by 
the  action  of  light  upon  itaroh-pa^tc. 

Preparation.— -\,  By  submitting  starch  to  gentle  tom^actiofu  Tho  etardi  in  tho 
state  of  powder  is  placed  in  a  thin  layer  in  a  shitllow  iron  veflsel  with  double  bottiom 
oontainmg  oil,  which  is  heated  to  a  temperature  not  exceeding  160*5  (n  .  j^  ^g^y  ^^^  |^ 
heated  in  revolving  cylinders,  like  those  u^ed  for  roasting  coflToe.  The  operation  is 
finished  when  the  substance  exhibits  a  light  brown  colour,  and  exhales  the  odour  of 
strongly  baked  bread. 

2.  One  part  of  starch  is  acted  upon  by  \  pt  oil  of  vitriol  and  2  8  pts,  water.  The 
acid  is  mued  with  part  of  the  water,  and  the  starch  stirred  np  with  the  rest ;  tho 
diluted  acid  is  gradually  poured  upon  the  starch,  and  the  mixture  is  kept  for  some 
time  at  90^  C,  Tho  dextrin  is  precipitated  by  alcohol  from  tlie  clarlflcd  solution  (Biot 
and  Porsox).  Dextrin  so  prepared  cannot  be  purified  from  sngar  which  is  formed  at 
the  same  time  and  adher&s  to  it^  except  by  dissolving  it  at  least  ten  times  in  water, 
and  precipitating  the  solution  with  alcohol,  which  should  not  bo  employed  in  i 
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8.  By  the  action  of  dilute  acids  aided  by  heat  To  convert  1000  pt«.  of  dry  starch 
into  dextrin  by  this  process,  it  is  mixed  with  2  pt«.  of  nitric  acid  of  36®  Bm.  diluted 
with  300  pts.  of  water,  and  spread  in  layers  about  an  inch  thick  on  brass  drawers 
placed  in  an  oven  heated  to  110°  or  120°  C.  The  transformation  into  dextrin  is 
completed  in  about  an  hour  and  a  half.    (Pay en.) 

4.  By  the  action  of  diaaUue,  400  pts.  of  water  are  heated  to  about  75°  C.  with  5  pts. 
of  ground  malt,  and  500  pts.  of  starcn  added  by  small  portions  a(  a  time.  The  starch 
dissolves,  and,  as  soon  as  the  solution  is  complete,  the  water  is  rapidly  heated  to  the 
boiling  point,  to  arrest  the  action  of  the  diastase  and  prevent  the  formation  of  glucose. 
The  solution  is  then  filtered  and  concentrated  to  the  consistence  of  syrup,  in  a  boiler 
heated  by  steam  and  provided  with  a  mechanical  agitator.  The  second  process  yields 
the  purest  product 

Properties. — Dextrin  is  an  uncrystallisable,  solid,  translucent  substance  having  the 
aspect  of  pum  arabic.  It  is  soluble  in  water  and  in  dilute  alcohol^  but  insoluble  in  absolute 
alcohol.  The  aqueous  solution  is  perfectly  limpid  and  becomes  gummy  by  concentration. 
Its  optical  rotatory  power  is  13868°  to  the  right  (Payen)  -  176°  (B^champ.) 

Ih compositions. —  1.  Dextrin  is  not  coloured  blue  by  iodine. —  2.  By  boiling  with 
dilute  acids  and  Mrith  caustic  cdkaliSt  it  is  converted  into  glucose.  When  a  solution  of 
dextrin  is  mixed  with  a  small  quantity  of  caustic  potash^  and  a  dilute  solution  of 
sulphate  of  coj^^oer  added  drop  by  drop,  the  liquid  acquires  a  deep  blue  colour  and 
remains  Umpia  in  the  cold ;  but  if  heated  above  85°  C.  it  quickly  decomposes  and 
deposits  a  red  crystalline  precipitate  of  cuprous  oxide.  This  property  distinguishes 
dextrin  from  gum  arabic. —  3.  Dextrin  heated  with  nitric  acid  does  not  yield  mucic 
acid,  but  only  oxalic,  and  perhaps  a  little  saccharic  acid. —  4.  A  mixture  of  nitric  and 
sulphuric  acids  converts  dextrin  into  a  nitro-compound  resembling  xyloidin,  soluble  in 
water,  precipitable  by  sulphuric  acid  (Flo  res  Domonte  and  M^nard,'Compt  rend, 
xxiv.  39 1 ).  According  to  B^champ,  this  compound  isdinitro-dextrin,  C*H"(NO-)*0». 
—  5.  A  solution  of  baryta  in  wood- spirit  forms  with  dextrin  a  copious  precipitate 
iiifolnble  in  wood-spirit,  but  soluble  in  excess  of  water,  especial^  when  hot;  it 
contains  46'7  per  cent  baryta  (Payen). —  6.  Dextrin  is  also  precipitated  by  lime. — 
7.  The  solution  of  dextrin  in  water  or  in  aqueous  alcohol  does  not  precipitate  either 
neutral  or  basic  acetate  of  lead ;  but  on  Bidding  ammonia,  a  white  precipitate  is 
formed  contiiuing  C*H^«0*.PVO.  When  heated  to  180°  C.  it  turns  yellow  and  appears 
to  lose  J  at.  water  (Payen).  Dextrin  is  precipitated  by  stannous  chloride,  but  not  by 
firrous  Sidphate. 

Uses. — Dextrin  is  applied  to  a  variety  of  useful  purposes ;  it  may,  indeed,  be  used  in 
almost  all  cases  in  place  of  gum  arabic.  It  is  employed  for  stiffening  calicos  and  other 
cotton  stuffs,  for  the  application  of  mordants  in  calico  printing,  for  the  sizing  of  paper, 
for  the  adhesive  layer  at  the  back  of  postage-stamps,  &c.  In  surgery  it  is  used  for 
making  bandages,  which  become  very  hard  when  dry,  but  are  easily  removed  by  means 
of  warm  water. 

For  these  technical  uses,  the  crude  solution  of  dextrin  is  often  used,  just  as  it  is 
obtained  by  the  action  of  diastate  or  sulphuric  acid  upon  starch  ;  in  the  latter  case, 
the  free  acid  is  neutralised  with  chalk  and  the  liquid  evaporated.  The  syrup  of 
dextrin  thus  produced  likewise  contains  unalt<Te(l  stircli,  sugar  and  water,  the 
relative  quantities  of  these  substances  varying  acccording  to  the  mode  of  preparation. 
Dextrin-syrup  is  very  liable  to  decomposition. 

Estimation. —  To  estimate  the  quantity  of  dextrin  in  a  solution  likewise  containing 
glucose,  Gk'ntelo  determines  the  total  amount  of  both  these  bodies  by  means  of  a 
8tan<lard  solution  of  potassio-cupric  tartrate,  and  then  estimates  the  glucose  with 
an  alkaline  solution  of  ferricyanide  of  potassium  (red  prussiate),  which  does  not 
act  upon  dextrin.  The  difference  of  the  two  determinations  gives  the  quantity  of 
dextrin. 

In  the  viscous  fermentation  of  saccharine  liquids,  a  gummj  matter  is  formed  which 
bears  considerable  resemblance  to  dextrin.  It  is  soluble  m  water,  uncrystallizable, 
insoluble  in  alcohol,  and  precipitate*!  by  alcohol  from  its  aqueous  solution.  Dried  at 
the  heat  of  the  water-bath,  it  is  vitreous,  transparent,  and  exactly  resembles  gum- 
arabic,  with  which  it  likewise  agrees  in  composition  ;  nitric  acid  converts  it  into  oxalic 
acid  (Tilloy  and  Maclagan,  Phil.  Mag.  [3]  xxviii.  12). 

Bechamp  has  lately  shown  (Compt^  rend.  xlii.  1210)  that  the  production  of  dextrin 
by  the  action  of  dilute  acids  or  of  diastase  on  starch  is  preceded  by  the  formation  of 
an  intermediate  substance,  which  may  be  called  solitlne  starchy  inasmuch  as  it  is 
soluble  in  water,  but  retains  the  power  of  forming  a  blue  colour  with  iodine.  This 
soluble  starch  possesses  an  optical  rotatory  power  much  greater  than  that  of  dextrin. 
[See  Starch.] 

Cellulose  dextrin. — Cellulose  subjected  to  the  action  of  strong  sulphuric  acid  yield* 
a  product  resembling  ordinary  dextrin  in  many  of  its  properties,  but  deflecting  the 
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pl&ne  of  polarixtttion  86*^  9'  to  the  left  instpaJ  of  to  tlie  right,  and  jielding  a  sotne- 
whftt  diflerent  product  with  nitric  iicid.     (Be champ.) 

lIBZTSXit-SllOAXt.  Thifl  name  is  applied  bj  Yontske  to  an  miciystallkiible 
doxtro-rofutory  sugfir,  probably  a  murtnro  of  dcjctrin  and  glaoose, 

II£XTSZ^  WVmirBm    Sco  Dextrin. 

1IBXTBOSA.CS1HXC  of  SSXTROTAlKTJUtXC  A.GZ1I.  Ordinnry  tartanc 
acid  is  thus  dt^fiigtiat*  <l,  to  disTiiif/iiish  it  from  loevo'racc'mic,  Jrevo-tai^ric^  or  anti- 
tartaric  acid  (iie^?  i.  3 18  ;  abo  Tautauic  Acid  and  Racbmic  Acid). 

l>ZABAfifi.     This  name,  Bynonymous  partly  with  gremstom\  partly  with  ditmU^  ia  | 
lippliud  1^3  rocka  consisting  of  crystaUo-^ranuIiir  mixtiireB  of  augife  with  feli*par  (oligo-  < 
c^e  or  hibradorite)  usually  interpenetrated  with  eaj^j  or  scaly  chlorite.     Diabase  I 
has  a  epmflc  gravity  of  2 '80  to  2' 95  ;  itis  maasiTc,  coarse  or  fine- grained,  ofl4?n  strongly 
fij^ured,  sometimes  with  colnmnar  or  laminar  separations,  sometimea  haring  a  slatj  ' 
Htruetura    The  oligoclaae  and  labradorite  in  the  mixtnro  form  either  distinct  oystaliv 
or  tabular  or  gninnlar  cryHtalline  a^regatcs.  of  a  white,  greyish,  or  greenish-whita 
colour,  al&o  reddish  or  brownish.     The  angite  ia  granular,  or  in  priam^  of  Torioua 
lengths,  green,  brown,  or  black,  often  resembling  hyperathene.     The  chlorite*,  which 
penetrates  the  entire  mass  and  pivca  it  a  green  tint,  la  probably  not  an  original  con- 
stituent of  the  rock,  bnt  a  prodiiLt  of  decomposition,  toasmiieb  as  the  amotiot  of  the 
wattir  found  by  uualysis  is  too  great  to  ho  ascribed  wholly  to  chlorite.     (Handw.  d. 
Chem.  2'*  Aufl.  ii.  [3]  420.) 

SX&SSflC  SVOAR.  The  sugar  found  in  considerable  qnanfity  in  the  urine  in 
cases  of  iJkibt  (es  •mdlitns^  was  formerly  regarded  as  a  distirjft  kind  of  sugivft  but  is  now 
knoMm  to  be  identical  with  dextro-glncose.     (Seo  GlucosBt  Sugau,  and  tleiini,) 

SXAC&ASlTll.  A  variety  of  angite,  intermediate  in  composition  between 
diaOagc  and  hypcrj*thone,  found  in  the  Harzbnrg  forest  in  the  Harz.  According  to 
Kohl  or' 8  analysis  (Fopg,  Ann*  xiii.  lOl),  it  coutuins  63*7  per  cent  sib'ca,  26-1  mag- 
nesia, 11*6  ferrtms  oxidt%  3"7  water,  1*3  alumina,  and  0*2  manganous  oxide.  Hans* 
mann  (Handb,  d,  MtJicrai.  ii»  498)  regards  it  as  a  distinct  species;  but  the  large 
nmonnt  of  water,  and  the  comparatively  low  degree  of  hardness  of  the  minaral 
(  =  3 '5  to  4  0)  indicate  an  advfuieed  stage  of  decomposition. 

niA^HcaXTB.  PhoAphortisennnter. —  A  mincml  consisting  of  hydrated  ferric 
phosphate  and  sulphuto,  from  the  alum-alato  D*ar  GrafentbalwadSaaifeldiii  Thuringia, 
It  occurs  in  reniform  or  stalactitic  masses,  with  tnrved  lamellar  structure  and  oonoho'idal 
f^eture.  Hardness  ^  3.  Spec  113  c  grayity  »  203.  It  is  translacent  or  opaque,  with 
waxy  lustre,  and  wax-yellow  to  yellowish-brown  colour.  Stroak  white.  Moated  in  a 
tube  it  gives  off  a  large  quantity  of  acid  water.  Before  the  blowpipe  it  swells  up  and 
fiises  on  the  edges  to  a  black  niagnetic  scoria.  According  to  Plattner's  analysts 
(HammeUberff'M  Mineralehemie^  p,  860>  it  contains  14-82  per  cent  K'O*,  16-4  SO', 
39*69  Fe*0\  and  30*35  water,  agreeing  neariy  with  the  formula,  3F©*0'»2P*0*  + 

4(D0y 
2{Fe*0».2S0')  +  32HS0=4(S0')"^0**  +  32H^O.    When  heated  with  water  it  givoa 


-or  J 


np  12'0  per  cent.  SO*,  but  no  ferric  oxide, 

XIXACH>M11TBB.  An  electrical  apparatus,  intended  for  the  detection  of  adultera* 
tions  in  olive  oil,  this  oil  being  said  to  have  loss  electric  conducting  [Kjwer  than  other 
fixed  oils-     (RouBseaTi,  J.  Pharra.  ix.  Dea  1833,) 

2iXA<M>]iTTll*    SyD.  with  Bqswstebitb. 

1IXAGRT19Z17IW,    An  obsolete  name  of  seammony. 

tttAlaltA-G^*  Sehmfrspar  (in  part). — A  variety  of  atjgite,  occurring  eliiefly  ia 
gahbr<y,  a  rock  closely  related  to  serpentine.  It  is  thin-foliated  and  easily  eh^Hvable;  1 
luminie  brittle.  Colour,  variotis  shades  of  green,  grey,  and  brown,  sometimes  bronze, 
or  nearly  metaUic.  Specific  gravity  3- 11  to  3-227.  It  is  rekted  to  hronrite  and 
bvppi^thene,  but  is  distingiiished  from  them  by  the  large  amount  of  lime  which  it 
contains.  A  specimen  from  Odern,  analysed  by  Del  esse  (Ann.  Min.  [4"!  ivi.  34)  gava  ' 
49-30  per  cent.  SiO»,  17-61  Mg*0,  16'i3  Ca^O,  9'43  Fo=0,  0'51  MnH},  650  A1*0', 
0-30  Cr*0»,  0-86  loss  by  ignition. 

(For  other  analyses,  see  llammclsberg*8  Mifieralchantr,  p.  465.)  Diallage  heated  in  a 
tube  yields  water,  and  assumes  a  paler  colour ;  on  charcoal  it  fuses  with  difficulty  on 
the  odgea  to  a  grey  slag;  with  borax  it  forms  a  glass  coloured  by  iron.  Bischof  | 
(Ckemie>al  and  Pht/sicai  Qcologi/,  ii.  331)  regards  diallagc^  hronrite,  a^id  hyperstliene 
as  altered  augitee,  and  supposes  that  a  fbrtber  alteration  might  conrert  them  into  ser* 
pen  tine. 
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BIAl&AOITB.  BZjBAXrfNilTB.  BXAXiOOZTB.  NatiTe  carbonate  of  man- 
ganese (L  789). 

BZA&&T&-inuUi.    Sec  Cabbaktdb  (L  754)  and  Sinafolinb. 

BZA&muOttZBB.  I/ramt/.  C«H»N"0»=»  N.C«H*NK)».H».  (Liebig  and  Wohlep, 
Ann.  Ch.  Fharm.  zxyL  274,  313  and  323.) — Laurent,  regarding  dialnric  acid  as  dibasic, 
derives  dialnramide  from  2  at  ammonia^  and  writes  it  C»H»*N«0*  =  N«.C»H«N*0».H«. 

This  compound  is  formed  when  solutions  of  alloxantin  and  chloride  of  ammonium, 
both  freed  from  air  by  boiling,  are  mixed  together ;  it  crystallises  out,  and  the  mother- 
Uquor  contains  alloxan  and  hydrochloric  acid  (see  Alloxantin,  i.  139).  It  is  also  pre- 
pared by  boiling  an  aqueous  solution  of  thionuric  acid,  or  thionurate  of  ammonium, 
with  dilute  hydrochloric  or  sulphuric  acid,  till  it  becomes  turbid,  and  allowing  it  to 
oool ;  even  if  the  solution  be  not  concentrated,  it  solidifies  to  a  ciystaUine  magma  of 
dialuramide: 

C«H»N«SO«  +  H«0  «  C^HWO*  +  H«SO«. 

Thionuric 
add. 

Dialuramide  forms  white  hard  needles,  united  in  tufts,  having  a  silky  lustre,  and 
turning  red  when  exposed  to  air  containing  a  trace  of  ammonia.  It  is  insoluble  in 
cold  water ;  slightly  soluble  in  boiling  water,  whence  it  separates  on  cooling.  Soluble 
in  cold  sulphuric  add,  and  precipitated  unchanged  by  water ;  soluble  in  cold  potash 
or  ammonia,  and  repredpitated  b^  acids. 

Drcompotiiions,  —  1.  Dialuramide  treatod  with  nitrie  acid  evolves  nitrous  frmies, 
and  forms  a  solution  which  yields  alloxan  on  evaporation,  nitrate  of  ammonium  remain- 
ing in  solution : 

C*H»N»0«  +  0  «  C*H^N«0«  +  NH». 

2.  When  a  hot  dilute  solution  of  potash  is  saturated  with  dialuramide,  ammonia 
is  evolved,  and  a  pale-yellow  solution  formed,  which  absorbs  oxygen  from  the  air, 
gradually  becomes  purple,  and  deposits  gold-yellow  crystals  of  potassic  purpurate.  The 
mother-Uquor  contains  aUoxanate  and  mcsoxalato  of  potassium. — 3.  A  solution  of  dia- 
luramide m  ammonia  is  decomposed  b^  boiling,  turns  purple,  and  on  cooling  deposits 
errstals  of  ammonic  purpurate  (murcxide).  The  same  solution  mixed  with  aqueous 
alloxan  yields  murexido.  Murexide  is  also  obtained  when  argentic  or  mercuric  oxide 
is  pnadually  added  to  dialuramide  suspended  in  boiling  water,  the  metal  being  reduced, 
wiSiont  evolution  of  gas,  and  a  purple  liquid  formed ;  the  slightest  excess  of  oxide 
decolorises  the  solution,  which  then  contains  ammonic  ulloxunate : 

2C*H*NH)»  +  0  «  C«H«N«0*  +  WO. 
Murexide. 

4.  When  a  solution  of  dialuramide  in  sulphuric  acid  is  diluted  till  it  begins  to  be  turbid, 
and  boiled  for  some  time,  the  water  being  renewed,  uramilic  acid  separates  on  cooUng; 
ammonic  sulphate  being  simultaneously  formed.  If  too  much  sulphuric  acid  be  present, 
no  uramilic  acid  is  obtained. —  5.  Dialuramide  heated  with  aqueous  cyanaU  ofpotas' 
9ium,  is  converted  into  pseudo-uric  acid.  (Schlieper  and  Baeyer,  Pogg.  Ann,  cxii. 
79.) 

C*H»N«0«  +  CNHO  =  C»H«N*0« 

Dialuramide.        Cyanic         Pteudo-uric  -d  m  n 

acid.  acid.  r.  1.  O. 

BZA&mtXO  ACTB.  C^H^NK)\  (Liebig  and  Wohler,  [1838]  Ann.  Ch. 
Pharm.  xxvi.  276.) — This  acid  is  the  final  product  of  the  action  of  rodudns  agents  on 
alloxan.  It  is  formed :  1.  When  sulphuretted  hydrogen  is  passed  through  a  boiling 
aqueons  solution  of  alloxan  until  no  further  action  takes  place : 

C*HWO*  +  H«S  »  C*H«N»0«  +  S. 

Alloxan.  Dialurio  acid. 

5.  Toonther  with  other  products,  by  the  action  of  cyanide  of  ammoninm  or  cyanide  of 
potassiiim  on  aqueous  alloxan : 

2C*EPN»0*  4  NH»  +  H«0  -  C*H*N«0«  +  CTBPNW  +  C0« 

Alloxan.  Dialuric  add.         Oxalan. 

2C^H«NH)*  +  2KH0  -  C*mEN^O*  +  C«H»KN»0«  +  CO*. 

Alloxan.  Dial  urate  of  Oxalurate  of 

poUt»iuin.  poUMlunu 
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The  hydpo(?yaiiic  acid  does  not  itself  enter  info  tlieae  reiictioni!*  but  mertjly  acta  in  the 
maiinir  of  n  ferment,     (St reck er,  Ann.  Ch.  Pharm,  cxiiL  49.) 

Diiiluric  acid  is  prepared  by  dissoliring  dialnrate  of  animonitim  in  warm  hydrocMone 
acid  ;  diiUiiric  acid  crTstalljEics  out  on  cooling.     Dialurate  of  ammonium  is  thus  pre-  i 
pared  : — 1,  I5y  satiirating  vrith  sulphnrcttt^d  hydrogen  a  boiling  iiqneons  noltitinn  of  j 
alloxan,  ftltenng  from  deposited  sulpliur,  iind  Deutraiising  the  iieid  flltmti?  with  earbo«  f 
nate  of  ammonium.  —  2.  By  treating  aqueouB  alloxan  with  zinc  and  hydrochloric  acid,  | 
decanting  fr(!nii  the  precipitated  nUoxantin,  and  adding  to  the  solution  sufficient  car- 
bonate of  ammonium  to  redlssolTO  the  precipitated  hydrute  of  zinc.^ — 3.  By  adding  j 
hydrosulphate  of  ammonium  to  a  solution  of  uric  acid  in  dilute  nitric  acid,  until  the 
mixtiLTC  is  bandy  aci<l  to  litmus ;  washing  the  resnltinja:  precipitate  with  cold  wat-er,  tM»* 
eolving  it  in  boiling  water,  and  neutralising  the  solution  with  carbonate  of  ammoniimi, 
when  it  aolidiiles  into  a  cr}'5talline  masa  of  dialurat^.  1 

Dialojic  acid  forms  colonrle-ss  nccdlee^  resembling  those  of  aUoxanl^n;  they  tnast  boj 
rapidly  ueparat^Hl  from  the  mother-liquid  and  dried.   They  redden  litTnuj*  strongly ;  they 
are  not  very  ftolnUe  in  water.    The  acid  neutralises  alkalis  complet'ely,  forming  deftuite 
»alts,  dialuratest  which  are  sparingly  soluble  in  cold  water,  and  in  the  dry  state  are  i 
permanent  in  the  air.     The  antmfniium'solt  crystallises  in  silky  needles,  which  becomal 
rose-coloured  when  tlried  at  the  ordinary  temperature,  and  blood-rod  at  100''  C,  being 
converted  into  purptirate  of  amcnonium: 

2C*n»(NH*)N'0*  4  O  «  C»HXNH*)N*0«  4-  3H*0. 

Their  solution  redacea  silvcr-s-olts.     The  bariumsaH  ia  whit^. 

Ai'cording  to  the  abore  fbrmulaf  dialnric  acid  is  monobasic ;  Lanrent^regatdB  it  as 
dibasic,  and  firopo&es  to  double  its  formula. 

I}fiompoailhns, — 1.  An  aqueous  solution  of  dialurie  acid  is  decomposed  by  boiling, 
oxalic  a<Md  and  other  products  being  fortntHL 

2.  Bialuric  acid  (eryatallised,  or  in  aqueous  solution)  is  conrerted  into  alloxan  tin 
by  exposure  to  tho  air  (see  Aixoxaktin,  L  138) : 

2C^H<N=0*  +  0  =  e*n«N*0'  +  2H'0, 
Alloxan  Lla. 

3.  Aqueous  dialurie  add  mixed  with  aqueous  alloxan  deposits  crystals  of  alloxan* 


tm; 


C<H*ITO*  4  G*BW*0*  -  C-H*N^O'  +  H«0. 


F.  T.  C. 


JUAJLTBZB,  A  terra  applied  by  Graham  to  the  sepamtion  of  certain  snbstaneefl 
by  liquid  diffusion.  Soluble  ^bstancea  exhibit  great  diversity  in  their  degrees  of  di^- 
BiTc  mobility,  and  may  bo  divided,  as  regards  this  property,  into  tvro  classes,  the  more 
diffusible  being  either  thenjaeWes  crystallisable,  such  as  common  salt  and  trngar*  or 
clo*M*ly  relnted  to  the  crystalline  class,  sueh  as  alcohol ;  hence  they  are  called  crystal* 
loTda;  while  the  leas  diffhsible  aro  those  which  are  incapable  of  crystaUising,  but 
exhibit  A  creat  tendency  to  aissnme  tho  gelatinous  form  ;  these  are  called  colloids, 
after  gelat  m  {coife\  which  may  be  regarded  um'  the  type  of  the  chiss :  among  these  may  be 
mentioned  hydrnted  silicic  acid,  hydrate<l  alumina  and  other  scsquioxides  of  the 
aluniinoas  dnss  when  in  the  soluble  state,  i}ho  starch,  dextrin,  gum,  caramel,  tAnnin, 
albumin,  gelatin,  Mid  extractive  matters  both  animal  and  vegetable.  The  dil^ion  of 
these  bodies  is  extremely  slow. 

Kow  it  id  found  that  certain  gelatinous  substances,  such  as  starch-past^  animal 
mucus,  pectin,  Paytm'rt  vegetable  geloBe,  and  other  colloidal  hydrateOf  are  easily  per-  ' 
tneable,  when  m  mas«,  to  the  more  highly  diflusiblo  chiss  of  bodies,  but  offer  great! 
resistanr?e  to  the  passage  of  the  leas  diffusive,  and  are  completely  imperrioua  to  col^ 
loidal  ftid^stances  like  tliemselves.     Hence  such  substances  afford  an  easy  meanit  of  sopA«J 
rutingcryetjilloHal  from  colloidal  bodies,  when  tho  two  exist  together  in  a  liquid :  amcrsi 
film  of  the  jelly  is  sufficient  to  produce  the  separation.    A  very  convenient  subsUnee  fori 
the  purpoBc  is  the  vegetnble  or  pa  per- parchment^  obt-iiiaed  by  immersing  unsized  papef  j 
for  a  short  time  in  siilphuric  acid  of  a  certain  strength  (i.  819).    A  sheet  ofthiapa^?h*  j 
ment  stj^tehed  on  a  hoop  of  thin  wood,  or  gutta  perchu,  forms  a  Tery  convenient  | 
diolysef.     The  fluid  to  be  dialysed  is  poured  into  the  hoop  to  the  depth  of  aboufe 
half  an  inch,  and  the  whole  is  floated  on  wtiter.     The  more  difFusive  substances  then 
pass  through  the  septum,  leaving  the  U^as  difFti*five  behind. 

When  a  mixture  of  sugar  and  gum  whs  placed  in  the  dtalyser,  J  of  the  sngar  paaee^^ 
through  the  membrane  in  24  hours  without  a  trace  of  tlie  gum.     When  a  solution  o^ 
silicate  of  sodium  mixed  with  hydrocldoric  acid  was  treated  in  like  manner,  |  of  tho 
silicic  add  was  left  ui>oq  the  diulyscr  at  the  end  of  five  days,  without  a  trace  of  hydro* 
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chloric  acid  or  chloride  of  sodium.  Half  a  litro  of  urine  dialysed  for  24  hours  gave  up 
all  its  crystalloi'dal  constituents  to  the  water,  without  a  trace  of  mucous  or  gelatinous 
matter,  so  that  the  aqueous  solution,  when  evaporated,  left  a  white  mass,  from  which 
urea  was  extracted  by  alcohol  in  so  pure  a  state  as  to  appear  in  ciTStalline  tufts  when 
the  alcohol  was  evaporated. 

The  dialytic  process  is  exceedingly  well  adapted  to  the  separation  of  arsenious  acid 
and  other  metallic  poisons  from  liquids  containing  organic  matter.  Milk,  defibriuated 
blood,  and  other  organic  substances,  mixed  with  a  few  milligrammes  of  arsenic,  and 
introduced  into  the  dialyser  floating  on  water,  give  up  the  greater  part  of  the  arsenious 
acid  to  the  water  in  the  course  of  24  hours,  and  the  difiiisate  is  quite  free  from  organic 
matter,  so  that  the  arsenic  may  be  immediatelv  precipitated  by  sulphydric  acid  and 
weighed  as  sulphide.     [For  further  details,  sec  Ijquids,  Diffusion  of.] 


Many  substances,  e,  g.  bismuth,  antimony,  tin,  cadmium, 
and  gold,  when  brought  near  either  pole  of  a  powerful  magnet,  are  repelled  from  that 
pole ;  and  if  a  bar  of  such  a  substance  be  suspended  between  the  poles  of  a  horse-shoe 
magnet,  or  the  opposite  poles  of  two  bar  magnets,  it  places  itself  equaiorially,  or  at 
right  angles  to  the  line  joining  the  two  poles.  Such  bodies  are  said  to  be  diamag- 
netic,  in  contradistinction  to  magnetic  bodies,  like  iron  and  nickel,  which  are 
attracted  by  the  magnet,  and  place  themselves  axiallt/y  that  is  in  the  line  joining  two 
opposite  poles.  Diamagnetism  does  not,  however,  appear  to  be  a  distinct  property  of 
matter,  the  true  explanation  of  the  ph|pomenon  being  that  all  substances,  including 
the  air,  are  magnetic,  and  that  the  so-called  diamagnctic  substances  are  those  which 
are  less  magnetic  than  the  air,  and  consequently  when  brought  near  a  magnetic  pole, 
recede  from  it,  just  as  a  balloon  recedes  from  the  earth,  because  it  is  less  attracted  by 
the  earth  than  an  equal  bulk  of  tho  surrounding  air.     (See  Magnetism.) 


The  purest  form  of  carbon.  It  is  almost  always  crystallised ;  rarely 
massive.  The  crystals  belong  to  the  regular  system,  exhibiting  tho  simple  forms 
0,  ooO,  mOoo,  mOn  (fias.  149, 161,  186, 187)  more  rarely  ooOoo  and  »jOoo  (/^«.  160, 
183),  and  the  combinations  0  .  ooOoo  {fig.  161),  0  .  ooO  {fi^.  199  &c).  The  hemi- 
hedral  forms  of  0  and  mOn  likewise  occur,  the  former  especially  in  twin-crystals  like 
fig.  321  (p.  160).  Twins  like  fig.  319  are  also  found.  The  crystals  usually  have 
cr>nvex  faces,  the  convexity  being  sometimes  so  great  as  to  give  them  the  appearance  of 
rounded  grains ;  they  are  often  distorted  and  irregular,  generally  implanted  singly, 
sometimes  grown  together  in  crystalline  aggregates.  Cleavage  octahedral,  perfect. 
Fracture  conchoidaL  The  diamond  has  a  specific  gravity  of  3*6  to  3*6,  and  its  hardness 
(denoted  by  10)  is  the  highest  known.  It  is  colourless  or  white,  tinged  occasionally 
with  vellow,  red,  orange,  green,  brown,  or  black ;  transparent,  or,  when  dark-coloured, 
translucent.  Its  lustre  is  that  known  as  adamantine.  When  rubbed,  whether  in  the 
rough  or  polished  state,  it  shows  positive  electricity.  It  becomes  phosphorescent  on 
exposure  to  the  sun  or  the  electric  ^>ark,  and  shines  with  a  fieiy  light  In  its  power 
of  refracting  light  it  is  exceeded  only  by  red  lead  ore,  and  oipiment  Its  index  of 
refraction  is  2*439.  It  reflects  all  tho  light  falling  on  its  posterior  surface  at  an  angle 
of  incidence  greater  than  24°  13',  whence  its  great  lustre  is  derived.  Artificial  gems 
reflect  only  the  half  of  this  light  Diamond  is  insoluble  in  all  liquids,  and  infusible  even 
before  the  oxy-hydrogen  blowpipe ;  in  the  flame  of  the  oxygen-blowpipe  it  bums  away, 
producing  carbonic  anhydride,  and  leaving  only  a  very  trifling  residue  of  ash.  Sir  4. 
Davy,  in  1814,  first  showed  that  the  diamond  consists  of  pure  carbon,  by  burning 
diamonds  in  an  atmosphere  of  pure  oi^gen ;  and  his  conclusion  has  been  confirmed  by 
the  experiments  of  Dumas  and  Stas  (Ann.  Ch.  Phys.  Ixxvi.  1)  and  of  Erdmann 
and  Marc  hand  (J.  pr.  Chem.  xxiii.  169)  made  with  larger  quantities  of  diamond, 
and  with  attention  to  every  condition  necessary  to  ensure  accuracy. 

Diamonds  are  found  chiefly  at  Minas  Qeracs  in  Brazil ;  in  the  Ural ;  in  India,  at 
Fnrteal  between  Hyderabad  and  Masulipatam,  where  the  famous  Kohinoor  was  found, 
also  near  Parma^  in  Bundelcund.  A  few  also  have  been  found  in  Borneo,  in  Georgia 
and  North  Carolina,  and  on  the  banks  of  tho  Turon  in  Australia. 

The  diamond  appears  generally  to  occur  in  regions  which  afford  a  ]aminated  granular 
quartz-rock  ctMei  itacolumite,  which  belongs  to  the  talcose  series,  and  owes  its  lami- 
nation to  a  little  talc  or  mica;  this  rock  occurs  at  the  mines  of  Brazil  and  the  Urals, 
also  in  Georgia  and  North  Carolina.  Diamonds  have  also  been  detected  in  a  species 
of  conglomerate  composed  of  rounded  siliceous  pebbles,  quartz,  chalcedony,  &c,  cemented 
by  a  kind  of  ferruginous  clay.  At  Minas  Geraes  in  Brazil,  tho  diamond  is  found  in 
two  different  deposits;  one  called  gurgulho^  consisting  of  broken  quartz  and  covered 
by  a  thin  bed  of  sand  or  earth ;  the  other,  cascalho,  of  rolled  quartz  pebbles  united  by 
a  ferruginous  day,  resting  usually  on  talcose  clays,  the  whole  being  the  debris  of 
talcose  rocks.  Tne  first  deposit  yields  the  finest  diamonds,  and  both  contain  also 
gold,  plyrinnm^  magnetic  iron,  rutue,  &c. 
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The  moBt  higMy  yidaed  diamoodfl  tire  those  which  are  coloiirl^fls  imd  perfiM?tIr 
tmnfiparent;  but  to  ^ro  tbem  the  peiraliar  hrillkncy  for  which  thi?y  are  chidly  prix^d, 
it  m  necessary  to  cut  or  grind  them,  in  a  pecaliar  Wiiy,  so  that  the  light  falling  on  the 
gem  in  axty  direction  may  be  porfoctly  reflected  from  one  of  ita  lower  fiices.  A  diamond 
may  be  sfdit  by  a  steel  tool  in  the  direction  of  the  natural  deaTagoa ;  bat  aa  tliia  does 
not  giTe  the  meana  of  prodndng  ^oen  m  any  direction  that  may  be  required,  it 
becomea  neeessaiy  to  reeort  to  the  proceaa  of  abraaion^  tochnicslly  called  '*  cutting/' 
This  li  eiffected,  cither  by  rubbing  two  diamonds  hard  againat  each  other,  or  by 
presaing  the  diamond  against  a  rapidly  fcrolring  flt<*el  di^  coTered  with  diamond 
dnst;  3iia  last  method  aervea  also  for  polishiiig*  The  dnat  for  thia  purpose  ia 
obtained  either  in  the  {►roceas  of  abrasion,  or  by  ponnding  rough  diamonda,  which  are 
too  opaque  and  highly  coloured  for  gems,  in  a  iteel  mortar.  Snoh  diimoada  are  called 
"  bort**    Diaraond-duflt  ia  much  usid  alao  for  cutting  and  poliahing  other  genu. 

There  are  two  fomiB  gircn  to  cnt  diamonds,  the  brilliant  and  the  rose.  The 
rose  is  flat  on  tho  lower  surfiice^  while  tho  upper  portion  is  fashioned  into  a  pyramid 
of  twenty-four  facet*.  The  French  brilliant  oonsiflta  of  two  truncated  pyramida  phiced 
base  to  base  :  the  upper  pKirtion,  called  the  pavilvm  or  crottm^  h  half  aa  thick  as  the 
lower^  and  tcrminatea  in  a  broad  face,  called  the  iahtif,  which  has  half  the  diameter  of, 
the  entire  atone  and  is  Btirrounded  by  triangnlor  and  rhombic  faces  ;  the  lower  part  of 
the  brilliant,  called  the  <ndas»e,  is  pyramidid  and  terminates  in  a  face  haTing  |  the 
diameter  of  tho  ptonc,  (For  further  details  on  theso  formSf  and  on  the  metliods  of 
cutting  and  poliahing  diamond*,  ace  IWs  Dictionary  of  ArU,  Manufacturer,  and  Minetj 
a.  21.) 

The  weighty  and  consequently  the  value  of  diamonds,  is  estimated  in  carats,  one  of 
which  is  equal  to  four  gnuna;  and  tho  price  of  one  diamond,  compaz«d  to  that  of 
another  of  e^nal  colour,  tramparency,  purity,  form,  &c,  is  as  the  sqaarea  of  the 
reajiectiTe  weights.  Tho  aTcrage  price  of  rough  diamouda  that  arc  worUi  wcnrking»  ia 
about  £2  for  the  flrat  carat.  The  value  of  a  cat  diamond  being  equal  to  that  of  a 
rough  diamond  of  double  weight,  ejccluaiTe  of  the  price  of  workmanahipi  the  cost  of  a 
wrought  diamond  of 

1  carat  ia  £S 

2  „      „       2»  X  ^8    -         32 

3  „      „       3*  X      8    =         72 

4  ,.      „       4«  X      8   -       128 


im 


100*  X  £8    =  80,000 


This  rule,  howerer,  is  not  extended  to  diamonds  of  more  than  twenty  caratsi  The 
larger  ones  are  disposed  of  at  prices  which  cannot  be  reduced  to  any  fixed  rule^  Tho 
snow-white  diamond  is  most  highly  prised  by  the  jeweller.  If  transparent  and  poivi^ 
it  is  said  to  be  of  the  first  water. 

The  hardness  of  the  diamond  renders  it  rery  useful  for  engraTing  and  cutting  glass. 
The  9hnrp  point  of  a  natural  diamond  wOl  scratch  gluas,  but  the  cutting  is  tiSboled  by 
the  ciirvtd  edges  formrd  by  the  intersection  of  the  conrex-faeefl ;  sndi  an  edgis  pme- 
tnites  the  substance  of  the  glnss  like  a  wedge.  WoUaaton  showed  that  ra^es  and 
sapphires  ground  so  as  to  huye  curved  edges  will  cnt  glass  just  like  a  natuml  diamond; 
only,  being  inferior  in  hardness,  thc-y  wear  out  sooner, 

The.diamond  is  supposed  to  have  been  formed  by  the  slow  decomposition  of  some 
vegetable  or  bitmninous  material.  Kumerons  attempts  have  been  made  to  produce  it 
artificially.  Oannal  supposed  that  he  had  obtained  diamonds  by  decomposing  sulphide 
of  carbon  with  phosphorus.  Recently,  Despreta  states  that  he  has  obtained  micro- 
Bt^pio  octahedrons,  having  the  hanlness  of  diamond  dust,  by  the  prolonged  action  of 
an  induction-current  on  sugar-charcoal ;  also  by  the  action  of  an  electric  current  eoo- 
tinued  for  six  months  on  one  of  the  chlorides  of  carbon  (not  particularly  specified); 
warty  bodies  are  said  to  have  been  tiliufi  produced,  nearly  as  bard  as  those  just  men- 
tiouf^  and  exhibiting  shining  faces.  Artificial  diamonds,  if  they  could  be  prepared  at 
a  moderate  cost,  would  be  ver^^  useful  for  the  grinding  and  polishing  of  gems,  glass. 
Bad  other  hard  liodies.  Diamond  dust  is  found  to  give  a  finer  edge  to  cutlety  than 
can  be  obtained  by  tho  nse  of  any  other  material.    (Handw.  2""  Aull.  ii  [S]  431.) 

IkXAVA.  The  name  applied  by  the  older  chemists  and  alchemists  to  salver ;  hence 
the  dendritic  amalgam  precipitated  by  mercniy  from  a  solution  of  nitrate  of  silver  was 
called  Arbor  JHarut* 

llZJUriO  A.OSII.  Ton  Koboll's  mime  for  an  oxido  which  he  obtained  from  the 
tantalit^  of  Tammela  in  Finland,  the  samarskito  of  tho  Ilmengebirg,  and  other  similar 
minerals,  and  supposed  to  contain  a  metal  different  from  tnntalum  and  niobium.  The 
oxide  after  boiling  with  water  wa«  said  to  be  less  soluble  in  water  than  tantalic  or 
byponiobic  acid,  and,  when  e^paruted  from  ita  potash -solution,  and  treated  with  tin- 
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foil  and  hydrochloric  acid  in  certain  proportions,  to  form  a  dark  blue  liquid  which 
became  sapphire-blue  on  addition  of  a  small  quantity  of  water.  According  to  H.  Rose, 
Deville,  and  Bamour,  however,  the  so-called  dianic  acid  does  not  differ  essentially  from 
the  acids  of  niobium.  Bose  attributes  the  characters  observed  by  £.obell  to  the 
presence  of  a  small  quantity  of  tnngstic  acid. 

Von  Kobell's  name  for  the  tantalite  of  Tammela  in  Finland. 
Syn.  with  Difhanite. 

BZAPBOSXTB.    Khodonite  or  silicate  of  manganese  mixed  with  quartz. 

BZA8POS3B.  Laminated  Hydrargyllite. — Native  monohvdrate  of  alumina, 
Al'HO*,  or  Al^OiH'O.  Occurs  crystallised  in  orthorhombic  pnsms,  exhibiting  the 
fiices  ooP .  ool*3  .  oop4 .  ootoo .  2J?2 .  2f  oo  (Marignac  and  others).  Inclination  of 
ooProoP  -  130°  2' (Dufrinoy,  Compt  rend.  xxxi.  186);  =  130<*  30' (Shepard, 
Sill.  Am.  J.  [2]  xii.  216);  =  129*^  32'  (Kengott,  Wien.  Akad.  Ber.  ix.  610) ;  P  :  P 
in  the  brachydiagonal  principal  section  =  151^  26'  (Dufr6noy);  =»  162°  30' 
(Shepard)  ;  =  U\^  36'  (Marignac,  Arch.  Ph.  nat.  vi.  296).  P  :  ooP  in  all  direc- 
tion8-126o  17'  (Dufr6noy);  =126<*  (Shepard).  Ratio  of  axes  a  .  6  :  c  -  0-8018  : 
1  :  0*468  (Marignac).  The  crystals  are  usually  flattened  prisms,  sometimes  acicular, 
commonly  implanted.  Cleavage  very  distinct  piirallel  to  ooPoo ;)  less  distinct  parallel 
to  00^.  It  occtirs  also  foliated  massive.  Specific  gravity  3-462  (Dufr6noy). 
Hardness  »  6*6  to  7.  Colourless,  yellowish,  greenish,  or  bluish ;  transparent  to  snb- 
truislucent.  Lustre  brilliant  and  pearly  on  tiie  deavage-planes ;  vitreous  elsewhere. 
Very  brittle.  Gives  off  water  when  heated  in  a  tube ;  is  iuAisible  before  the  blowpipe ; 
turns  blue  when  moistened  with  cobalt-solution  and  ignited.  Not  attacked  by  acids 
after  ignition. 

Analy&es. — a.  From  Schemnitz  in  Hungary  (Lowe,  Pogg.  Ann.  Ixi.  307);  h.  firom 
Miaak  in  Siberia  (Hesse,  ibid,  xviii.  266) ;  c,  firom  Gumuch-dagh  in  Asia  Minor 
(J.  L.  Smith,  SilL  Am.  J.  [2]  zL  68) ;  d,  e,  from  Siberia  (Dufr^noy,  Ann.  Min.  [3] 
X.677,  1837): 

A1*0»  WO  FeK)    Fe*0«    SiO»    Ca»0    Mg«0 

a,    .    86131  1600 -  100131 

6.     .     86-44  14-66 =100 

c.  .    8312  14-28  0-66       .       .     035     traces    traces  «     9888 

d.  .     78-93  1613       0-62      .       .     1*39      198      .       .    -     9796 

e.  .     74-66  14-68  .      .       4-61     290     .      1-64      .    =     9829 

The  formula  A1*0*.H*0  requires  86*1  alumina  and  14-9  water. 

Diaspore  occurs  in  chlorite  slate,  near  Koroibrod,  district  of  Katherinenburg  in  the 
Ural,  and  at  Schemnitz,  in  veins  between  dolomite  and  limestone ;  also  at  Broddbo, 
near  Fahlun,  Sweden ;  with  corundum  in  dolomite  at  St.  Gothard ;  at  Gumuch-dagh  and 
Hansen,  Asia  Minor,  and  in  the  Grecian  islands  Naxos,  Samos,  and  Nicaria,  with 
emery.  (Dana,  ii.  128.—  Jahresber.  d.  Chem.  1847—8,  p.  1163;  1860,  p.  708;  1861, 
p.  763;  1866,  p.  792;  1860,  p.  763.) 

91ASTASB.  (Pay en  and  Persoz,  Ann.  Ch.  Phys.  [2]  liii.  73;  Ivi.  237;  Is. 
441 ;  Iri.  861.— Guirin-Varry,  ibid,  Ivii.  108;  Ix.  22;  Lri.  22.— Bouchardat.  ibid, 
[3]  xiv.  61.)— The  substance  to  which  malt  or  germinated  barley  owes  its  property  of 
converting  starch  into  dextrin.  It  does  not  exist  in  all  parts  of  the  germinated  grain 
being  often  absent  in  the  radicles,  and  generally  most  abundant  near  the  plumule.  It 
exists  in  the  tubercles  of  the  potato  near  their  points  of  insertion,  but  not  in  the  roots 
or  the  shoots.  It  has  also  been  found  in  the  buds  of  Ailantus  glandttlosa.  Neither 
potatoes  nor  cereals  contain  diastase  before  germination. 

To  extract  diastase,  malt  is  treated  with  water  at  26°  or  30°  C,  which  dissolves  the 
diastase,  together  with  an  azotised  substance.  The  solution  is  then  heated  to  70°  C, 
in  order  to  coagulate  the  azotised  albuminous  substance,  and  the  diastase  is  precipitated 
hv  absolute  alcohol.  It  is  purified  bv  redissolving  it  in  water  and  reprecipitatmg  by 
alcohol.    The  proportion  of  diastase  m  malt  does  not  exceed  0*002  to  0*003  per  cent. 

Diastase  is  a  wnite  amorphous  substance,  insoluble  in  absolute  alcohol,  soluble  in 
water  and  in  weak  alcohoL  Its  aqueous  solution  is  neutral  to  test-paper,  has  no  de- 
cided taste,  and  is  not  precipitated  by  basic  acetate  of  lead.  Placed  in  contact  with 
starch  at  70°  C.  it  qnicjdy  usorganises  that  substance,  and  converts  it,  first  into  dex- 
trin, then  into  glucose.  According  to  Payen  and  Persoz,  1  pt  of  well-prepared  diastase 
is  siiiBcient  for  the  conversion  of  2000  pts.  of  starch.  The  solution  of  diastase  quickly 
•Item,  turning  acid,  and  losing  its  power  of  converting  starch.  The  same  decom- 
position takes  place,  though  slowly,  in  dry  diastase ;  on  boiling  it  with  water,  the  de- 
eoBpontMm  is  instantaneous. 

Diastase  has  not  been  obtained  in  a  state  sufficiently  definite  for  analysis.    According 
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fo  Payen  and  Persoz,  it  contains  less  Bitrogeti  the  morr  carefully  it  has  been  pre- 
ptired.  According  to  BouehaixlfLtp  the  convGision  of  starch  into  glucose  may  also 
be  <itFected  by  contact  with  putrid  flesh,  Iseet^yeaat,  gikstric  juice,  niid  animal  mem- 
braneS)  which  eeems  to  imply  that  didstaa^  is  not  a  peculiar  principli*. 

The  action  of  diastase  on  starch  ia  completely  prerented  by  nitric,  sulphuric,  phos- 
phoric, liydrochJoriCj  oxalic^  tartaric^  or  citric  add,  also  hy  cnustic  potosht  Bomi,  or 
firae,  sulphat-e  and  acetate  of  copper,  mercuric  chloride,  nitrate  of  silver,  itlum,  and 
ferrie  Biilphati?.  It  is  retarded  more  or  less  by  fonnic  acid,  ar»enious  acid,  magnesia, 
nnimoiiia,  and  ulktilion  earlionates ;  eJightly  also  by  acetic  acid,  hydroeyftnic  acid, 
iitrychnine.  quinine,  morphine-,  and  their  salts.  Essential  oils,  creosote^  ah^boJ,  and 
ether,  c lert  no  retarding  ini] uence*     (Bouchardat*) 

I>£&STASE,  M.'XZHtlAJt*  IHojttatti  salUmre, — A  sut«t^nce  precipitated  from 
aailva  by  alcohol,  and  supposed  to  be  the  active  fermenting  principle  of  tlie  saliva*  It 
does  not>  however,  convert  starch  iuto  dextrin.     (M  ialhe.) 

l^t^MTMMtTHim    A  bliick  variety  of  amphihole  &om  Nordmarken  in  Swedeo. 

ikXATfiaimzc  jlczs.    See  TKc^tc  ActD. 

S£ATHlsail£AlffOiys,  A  term  applied  to  bodies  which  ti^namit  heat  in  the 
sam*.*  inaDuer  an  tininNpitriiyr  bodies  transmit  light,     (See  Rbat.) 

HUL^O-COUCPOlTlinkS.  Sec  KiTBOUS  AciD,  StrDSTiTTrTiair-pitoDUCTS  tobjibd 
hy;— also  Oi¥-AxisjLafic,  OxY-nE.NJiAJMic,  OxY-ciTMLMAinc,  and  OxT-TOLVTLAjyo 
Acins;  ^-iU>40  Puehol; — iilso  Phkntl*  and  Toi,vTL-i>iAKOfEfl. 

HXC^SltOXSlliC^  The  property  exhibited  by  many  double-refracting  crystalj,  of 
ojLhibiliwg  diiii^rfot  colours  when  viewed  in  different  directions. 

HZCHROZTIU  CordicriU,  Mitr^  Steinhdlite^  Hard  FaUumtc^  Sapphire  ttrau^ 
Pt'/fnw,  SjMintKh  Lazi^itf,  2Mg'9-'^iO*  -k-  2(A1< ;Fo*)0".3Sia=  ^ ]!%*8iO*,3f a/  i/eYSiO\ 
—  A  mineral  occmrring  in  prismB,  often  hexagonal,  belonging  to  tno  trimetric 
eysti^m;  ooP  ,  ^Vz  .  oo Poo.  oP,  and  sometimes  other  fac«s.  «»P  :  otp  ^  GiP  oU' ; 
goPoo  oe1^3  =  120  50'.  Cleavage  indistinct^  parallel  to  oP  and  tx^oo .  Oft^^ii  in 
crystalline  graioa  ;  also  massive,  compact.  Specific  gravity  «2'6 — 2'7.  Hardness  — 
7-0 — 70.  C^jlour  bluiah- white  t-o  bluCt  sometimes  smoky  blue  (then  called  pvHom) ; 
oftc*a  deep  blue  along  the  principal  axis,  and  brownish-yellow  or  yellow-grey  at  right 
angles  to  it,  Stroak  un coloured.  Trauaparent  or  tranGluoent.  Fracture  suboon* 
choidai 

When  heated  it  girea  off  a  small  quantity  of  water^  Before  the  blowpipe  it  loses  its 
colour,  and  melts  with  difficulty  to  a  glass.  It  dissolves  in  borax  and  un  phosphorus* 
salt,  leaving  in  tlie  latter  case  a  skeleton  of  silica.     It  is  but  alowly  attacked  by  acids. 

AnaltfitM. — ^1,  2,  3,  Strom  eyer  (Untrrstufiun^eti^  329,  431.-4,  6,  Schiitit  (Pogg. 
Ann.  liv.  660). — 6.  Scheerer,  ibid.  Ixviii.  319,  mean  of  two  analyses). —  7-  Thomson 
{Mmcraio^ytl  278).— S.  Jackson  [Gcol  Rtport  0/ 2^\w  Bam^kire^  184): 
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DiehroTte  occtirs  in  granite  at  Oabo  de  Gata  in  Spain,  at  Aroodal  in  Norway^  in 
Or^'exfvi  in  Yinlojid.  {Stein heiiile),  at  Timaberg  in  Sweden,  and  other  localities;  iu 
quarte  at  Ujordlerso&k  in  Greenland,  in  gneiss  at  Haddam,  Connecticut^  and  BrinflehVl 
Massacbujctts,  The  smoky  blue  variety  called  pdiom  is  found  at  Bodenmais  iitl 
Bavaria,  sometimes  in  perfect  crystals  1  j  inch  thick.  Bichroite  is  Bometimes  used  as  ft  I 
A  transparent  variety,  called  Sapphire  d'ldu  by  jewellettt,  is  found  in  small  roUfldJ 
1  of  deep  blue  colour  in  Ceylon,     (Dana,  ii.  214  ;  Bum  me  lab  erg,  p.  766.) 


ffydrou9  Diehroite, — ^Dichroitc  alters  eo  n?adily  by  expomire  that  it  is  eommon 
found  in  the  altered  state,  or  as  a  nticleus  enclosed  in  a  crust  of  the  altered  minera 
The  change  consists  either  in  a  simple  hydration,  as  in  lionsdorjffiif.  from  Abo,  Efmar- 
kiU  from  Brevig  La  Finland^  Cyoropht/Uiir  from  Unity  in  Miune  and  Haddam  in  Con* 
nectictit,  and  Praafofiie  from  Briikke  in  Norway,  — ^  or  in  tbe  removsU  of  [mrt  of  the 
protjtKxidcs  by  carbonic  acid, — ^or  the  introduction  of  oxide  of  iron  through  carbonate 
of  iron*  or  of  alkalis  through  watets  containing  alkaline  carbon ataa* 
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Tlie  composition  of  the  hydrons  dichroi'tes  formed  by  simple  hydration,  is  as  follows : 

SiOS  AHOS  Fe^OS  Mg^O  H^O  Mn^O 

BonidorAte      .  4505    80-06    ft-80     9*00    1000    trace ■  iro 

CblorophylUCe  •  45*M  S7'G0  8^  9  60  3-60  4-06  P<0^  trace  ....  a  9S-3S 
EuMU-kite  .46-97  S2  06  S*83  10-8S*  6*49  0-41  C««0.  Fb.  Cu,  Co,  Ti  0*46  .  s  96  iV5 
Prueolite  .       .  40-94    98-79    6*96    IS'TS     7*88    0*39    Pb^O.  Cu^O,  Co*0,  CaSQ  0  60  b   98-02 

Denoting  dichroite  by  D,  bonsdorffite  «  D  +  8aq. ;  chlorophyllite  «  D  +  aq.;  esmar- 
kite  »  D  +  l^aq. ;  praseolite  —  D  +  l|aq.  (Dana,  ii.  215).  See  also  Aspasio- 
im^  Fahlunttb,  Qigantoutb,  Hxtbonitb,  Ibbritb,  Libbbnxbitb,  Pinitb,  Ftbargil- 

UTMf  WbISSTTB. 

BZ-OOMPOUVlMik    In  this  Dictionary,  the  syllable  di\  prefixed  to  the  name  of 
a  radicle  occurring  in  any  compound,  denotes  that  the  compound  in  question  contains 
two  atoms  of  that  radicle ;  «.  ^.  di-chloride  of.tin  »  SnCl*;  di-oxide  of  tin  » 
Sn«0*;  di-sodic  phosphate  -  Na'HPO*;  di-ethj^lamine  -*  N.H.(C«H»)«;  di-^ 
ethylenic  alcohol  »^(C^H^)'.H*.0'.    The  prefix  bi  is  often  used  in  the  same  sense. 

(See  NOIOKCULTXTRB.) 

Individual  di-compounds  are  described  under  the  several  general  headings,  e.  g, 
Dichloride  of  Tin,  under  Tin,  CHix>Bn>B8  of  ;  Disodic  Phosphate,  under  Fhosphatb 
OF  Sodium;  Dieihylamine,  under  Ethtulminb,  &c. 

BICJTAMaUII  JkSAUB. — ^The  root  of  this  plant,  which  is  the  only  European 
q>ecies  of  Diosmea,  was  formerly  used  as  a.  vermifuge ;  it  is  resinous,  bitter,  and  aro- 
matic ;  the  root-bark  was  said  to  be  peculiarly  efficacious. 

BIBXIMITM  or  BJLUIMXTB.  A  mineral  from  the  Zillerthal  in  the  Tyrol, 
haring  the  aspect  of  microcrystalline  talc.  Specific  gravity  »  2*75.  Contains  40*69 
percent  silica,  18*15  alumina,  22*74  lime  and  carbonic  anhydride,  11*16  potash,  1*2 
soda,  5*25  ferric  oxide,  and  0*60  water.  (Kengott^  Handw.  d.  Chem.  2^*  aufi.il 
[8]  437.) 

BXnTBKXUaK.  Symbol  JA.  Atomic  weight  i%. — This  metal,  discovered  by  Mo- 
sanderin  1841  (Fogg.  Ann.lvi  504),  exists,  together  with  cerium  and  lanthanum,  in 
cerite,  allanite,  orthite,  vttrocerite,  cryptolite,  and  a  few  other  minerals  (i.  831);  it  is 
not  found  in  nature  in  the  free  state,  or  even  as  a  pure  oxide,  sulphide,  or  other  com- 
pound, but  always  associated  with  cerium  and  lanthanuuL  It«  compounds  greatly 
tesemble  those  of  lanthanum,  and  are  veiy  difficult  to  separate  therefrom :  hence  the 
name  didymium  (from  BiBu/iot,  twin).  The  compounds  of  didymium  have  been  inves- 
tigated by  Mosander  {loe,  eit,\  Watts  (Chem.  Soc.  Qu.  J.  ii.  131),  more  espe- 
cially by  Marignac  (Ann.  Ch.  Phys.  [3]  xxvii.  209;  xxxviii.  148),  and  recently  by 
B.  Hermann  (J.  pr.  Chem.  Ixxxii.  385). 

A  pure  salt  of  didymium  is  obtained  by  recrystallising  the  rose-coloured  rhombohe- 
dions  which  separate  from  an  acid  solution  of  the  mixed  sulphates  of  lanthanum  and 
didymium  by  spontaneous  evaporation  (see  Lanthanum)  ;  and  from  the  pure  sulphate 
thus  prepared,  the  other  compounds  of  the  metal  may  be  formed. 

MetaUie  didymium  is  prepared  by  heating  potassium  with  an  excess  of  chloride  of 
didymium,  and  washing  out  the  soluble  chlorides  with  cold  water.  It  is  thus  obtained, 
ibr  the  most  part,  as  a  grey  metallic  powder,  but  partly,  also,  in  frised  globules.  The 
powder,  thrown  into  the  fiame  of  a  spirit-lamp,  bums  with  bright  sparks  like  iron-filings. 
The  powder  decomposes  water  at  ordinary  temperatures ;  tlie  f^sed  granules  do  not : 
in  either  form,  however,  the  metal  dissolves  rapidly  in  dilute  acids  with  evolution  of 
hydrogen. 

But  few  of  the  compounds  of  didymium  have  yet  been  examined.  It  forms  a  prot- 
oodde,  DiH),  and  a  protochloride,  DiCl,  and  a  class  of  oxygen-salts  of  corresponding 
eompoAtion. 

BJLDVMLnrBKf  CHXOBIBB  OV,  DiCl,  is  obtained  as  a  hydrate  in  rose-coloured 
OTstals  of  considerable  sixe  by  evaporating  a  solution  of  the  oxide  in  h^^drochloric  acid. 
Toe  crystals,  which  are  verr  soluble  in  water  and  alcohol,  contain  DiCl2H'0.  The 
•olution,  when  evaporated,  gives  off  hydrochloric  acid,  and  leaves  an  oxide,  not  however 
of  eonstant  composition  (Marignac).  According  to  Hermann  it  leaves  an  oxy- 
chloride. 


BIBlMUfM,  BaTBOnOW  ABB  B0TZIKATIOW  OV.  The  salts  of 
Hdymium  have  either  a  pure  rose-colour,  like  the  sulphate,  or  slightly  inclining  to 
tiolet,  like  the  nitrate  in  the  state  of  strong  solution.  Potash,  soda,  and  ammonia 
ptiedpitate  the  hvdrate ;  so  does  sidphide  of  ammonium.  Carbonate  of  barium  also 
throws  down  the  nydrated  oxide  slowly,  but  completely.  Oxalate  of  ammonium  pre- 
etpitates  didymium  completely  from  neutral  solutions;  and  ox€die  octW almost  com- 
pleCidy,  unless  the  solution  contains  a  large  excess  of  acid.  The  sulphates  ofpotas^ 
tium^  sodimm,  mod  ammaniun^  form,  immediately  in  strong;  and  grmdusUy  in  weak 
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Boiuf  Jon«t  rose-white  precipifatx^a  of  double  siilphnt««,  alighUj  soluble  in  water.  le«a 
soluble  in  exccB»  of  the  reugeut ;  the  flodium-solt  ia  the  Jeiist  soluble  of  tJte  throe. 
PAofphorie  and  argenic  acid*,  tit  a  boHixtg  heat,  form  preciptt«tM  sparingly  soluble  in 
acids.  All  coropaimds  of  didjmium  impart  to  botax  iind  pKo»pkjnL8-M^t  &  Tety  pale 
ros^-oolomr.    Tney  do  not  colour  carbonate  of  sodium  before  iho  blowpipe. 

According  to  Glad  stone  (Chem.  Soc.  Qu.  J.  x.  319),  didyrolum-saltd  or©  eaaily  re- 
cognised in  solution  by  speotnl  analyais.  When  a  ray  of  %ht,  after  passing  throtuth 
such  A  solution,  is  examinod  by  a  prism,  it  is  ftjund  that  the  violet  rays  are  completely 
absorbed  by  u  solution  of  nitrate  of  didymiuni,  but  not  by  the  chloride  or  sulphate* 
All  thr<^  Bolutians,  however^  form  a  spectrum  containing  two  black  Lines»  inclosing  a 
T^ry  bright  portion  of  the  spectrum.  One  of  these  bla^  lines  is  in  the  yoUow  imme- 
diiit*'ly  following  Fraunhofer*8  butt  D ;  the  other  is  situated  between  E  and  h.  These 
eJinraetcr*  can  be  distin4?tly  recognised  in  a  solution  balf  an  inch  deep^  containing  only 
0  01  per  cent*  of  didymluin-salt. 

Quantitative  tstiinatian  of  Didpnium,—J}\djmmm  \a  precipitated  from  it«  solutions 
by  [iotash,  and  the  precipitate  is  converted  by  ignition  in  a  covered  platinum  crucible 
ink*  th<^  anbydrotifl  protoxide,  coDtaining  S5  7  per  cent,  of  the  metoL 

Tlie  methods  of  separating  didymium  from  other  metals  are  the  same  as  those 
adopt  *h1  for  cerium.  The  sej^aration  of  didyraiuni  from  cerium  it«clf  may  be  effect  ed 
by  bfuling  tlie  mixed  oxides  in  a  solution  of  sal-ammoniac  (WattaV  For  separating 
didymiam  from  lanthanum^  no  method  has  yet  been  devised  suificiently  accurato  for 
qmintitative  analysia, 

Atmnie  »pn>4i.— Marignac  in  1848  determined  the  atomic  weight  of  didymium  by  the 
quantity  of  clilorido  of  barium  required  to  precipitate  a  given  weij^ht  of  the  suiphate;  in 
this  inuuner  he  obtained  the  number  49'^.  Afterwaxdit,  in  1853  I  Ann.  Ch.  I'hys,  [8] 
xxxviiL  148),  he  found  that  this  method  was  inexact,  becaaae  the  prua  pita  ted  sal- 
phate  of  barium  carried  down  with  it  a  quantity  of  didymlc  sulphate,  whtch  was  not 
afterwards  decomposed  by  exceas  of  chloride  of  barium.  He  therefare  adopted  two 
other  methods :  L  By  precipitating  the  didymium  from  the  sulphate  by  oxalate  of 
ammonia,  igniting  the  precipitate  till  it  turned  whit*,  and  weighing  the  prutoxide  thus 
obtained- — 2.  By  precipitjiting  the  chloride  of  didymium  nith  nitrato  of  silver,  esti- 
mating tlio  chlorine  as  chloride  of  silver,  and  precipitating  the  didymium  frt>m  the 
filtrate  in  the  manner  just  mentioned.  The  mean  of  the  experiments  made  by  the  first 
method  gave  for  the  atomic  weight  of  didymium,  on  tbe  oxygen-scale,  the  number  698*2 ; 
the  second  method  gave  6035,  698'9,  and  598*3.  Mt^ao  of  the  whole,  699  on  the 
oxygen-scale,  or  47*92  on  the  hydrogen-ecale.  Marignac  considers  the  numl»er  48  to 
bo  very  near  the  truth.     Hermann  by  igniting  the  oxalate  obtains  the  number  47*48. 

DHITlMinntt,  OX13IBS  OT.  Didymium  forms  two  oxides,  the  protoxide,  Di*0, 
and  a  f>ertixide,  whose  atomic  constitution  is  not  exactly  known. 

The  proUisidr  is  obtained  in  the  aiihydrotts  state  by  strongly  igniting  the  nitrate, 
oxiilate,  or  the  precipitated  hydrate,  in  a  covered  crucible.  It  is  perfectly  white ;  is 
hlowly  converted  into  a  hydrate  by  immersion  in  warm  water ;  dis^ves  readily  in 
the  weakest  acids :  and  expels  ammoniti  from  ammoniacal  salts  when  boiled  with  them- 

The  hydrate,  DiHO,  is  a  gelatinous  ma^*B,  resembling  hydrate  of  alumina,  but  having 
a  very  pale  rose  colour.     It  contracts  much  by  desiccation* 

Peroxide  of  Didymium. — When  the  oxalate,  nitrate,  carbonate,  or  hydrate  of 
didymium  is  ignited  in  contact  with  the  air,  and  not  very  strongly,  a  daj*k  brown 
oxide  is  obtained,  containing  from  0'32  to  0*8 9  per  cent,  of  oxygen  more  than  the 
pfTOtoxide,  When  treated  with  acids  it  dissolves  readily,  giving  off  the  excees  of 
oxygen,  and  forming  a  solution  containing  the  protoxide.  It  is  proliably  a  mixture  of 
the  protoxide  with  a  small  quantity  of  a  higher  oxide  of  definite  composition.  By 
j-trc»ag  ijinirion  in  a  close  ve^el,  it  is  converted  into  the  white  protoxide,  (Marignac.) 
Aecopding  to  H«^«rmanu,  it  contains  Di**H*". 

DlDYMXintSt  SH^PBZSB  OF,  Di^  IB  obtained  by  ignitiiig  the  oxide  in  the 
vapour  of  sulphide  of  carl>on.  It  is  a  light  brownish  green  powdej*,  which  diwolves  in 
nndn,  with  evolution  of  sulphydric  acid.  A  greyish' white  oxysidphidr^  Di*0*S.  or 
Di-S.2Di^O^  is  obtained  by  igniting  tho  oxide  with  carbonate  of  aodiuim  and  excees  of 
tnlphuf,  and  digesting  the  fused  mass  in  water.     (Marignac) 

XlZzT'HrAir.  (Schlieper,  An  n.  Ch,  Pharm  d  vi.  5.) — A  compound  Ibrm  ed,,  tc^ether 
with  leucoturic  acid,  &c.,  when  an  aqueous  solution  of  alloxanicacid  is  Irioiled  foraonte 
time,  (See  Alloxawic  Acit)),  It  separates  on  the  addition  of  alcohol  to  the  aoneous 
solution,  and  must  be  collected  on  a  fiJt^^p  out  of  contact  with  the  air^  washed  with 
alcohol  and  ether,  and  dricil  in  vacuo  over  sulphuric  acid.  It  is  not  crystallisable, 
but  forms  a  loose  white  powder  of  a  bitter  saline  taste,  and  reddens  litmus  strongly- 
It  is  very  sotuble  in  water,  and  deliquesces  rapidly  in  the  air:  insoluble  in  alcohol. 
When  heated  it  meltA  at  10D°  C,  giving  off  alcohol  and  water  with  intumescence^  and 
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remains  as  a  transparent  ritreous  gam,  which  may  be  rubbed  to  a  white  powder. 
It  is  decomposed  with  effervescence  by  hot  nitric  acid,  forming  alloxan.  It  is 
gradually  decomposed  by  cold  potash,  ammonia  bein^  evolved,  and  oxalic  acid  formed 
abundantly.  Its  aqueous  solution  gives  white  precipitat<?s  with  nitrate  of  silver  and 
acetate  of  lead,  the  latter  soluble  in  excess  of  the  lead-solution. 

The  composition  of  this  body  is  not  accurately  known.  Schlieper  assigns  to  it  the 
formula  C'H*N*0**,  relying  on  an  analysis  which  gave  32*69  per  cent  carbon,  3*89 
hydrogen,  and  2570  nitrogen  (calculation  3333  C,  3*70  H,  2553  N,  3704  0). 

The  silver-precipitate  gave  on  analysis  45*5  per  cent,  oxide  of  silver,  which  does  not 
accord  with  Schlieper's  formula.  Laurent  (Compt.  rend.  xxxv.  629)  gives  it  th« 
formula  CH'*N*0*,  regarding  it  as  isomeric  with  dialuramide.  Gmelin  points  out  that, 
since  alloxan  is  obtained  from  it,  it  probably  contains  4  atoms  of  carbon.      F.  T.  0. 


BZFOXMSmB  or  BZFOXM JBJII B.  Lallemand's  name  for  the  hydrocarbon 
C»H». 

BXmSZOir.  The  mixing  or  mutual  interpenetration  of  two  liquids  or  gases 
which  do  not  unite  chemically  one  with  the  other.  This  kind  of  mixture  takes  place 
both  when  the  fluids  are  in  immediate  contact,  and  when  they  are  separated  by 
porous  membranes  or  other  partitions.    (See  Gases  and  Liquids,  Diffusion  of). 

BAUBHITJL  A  variety  of  copper-glance  from  Sangerhausen  in  Thuringia  and 
from  Chile.  Specific  gravity  =  4*568  to  4*68.  Hardness  =  2*0.  Plattner  found  in 
it  70*2  per  cent,  copper  and  0*24  silver,  which  approximates  to  the  formula  Cu'^S*  = 
Ccu^.3Ca*S,  or  1  atom  copper-glance  and  3  atoms  purple  copper. 

BZCIB8TSR  or  BXOB8TOS.  An  apparatus  for  digestion,  such  as  a  sand  or 
water-bath.  Papin*s  digester  is  a  strong  iron  vessel  in  which  substances  can  be  exposed 
to  the  action  of  water  or  other  liquids  at  temperatures  above  their  boiling  points. 

BZOBSTZOir^  The  operation  of  exposing  a  substance  to  the  action  of  a  liquid 
with  the  aid  of  heat,  generally  below  the  boilmg  point  of  the  liquid,  for  the  purpose  of 
extracting  the  soluble  constituents.  The  treatment  of  a  substance  with  a  cold  liquid  is 
called  maceration. 

BZOBSTZOir,  AMTNUkJa.  (Lehmann,  Lehrbuch  dcr  Phyaiologhchen  Chemir, 
Leiprig  1863,  iiL  216-283.—  The  same  translated  by  Dr.  Day,  London  1854,  iii.  248- 
324. — GmelifCs  Handbwh^  viii  672-621. —  Frerichs,  Die  Verdauung.  Handwbrterbuch 
d.  Pkysiologie^  Braunschweig,  1846,  iii  1. — ^Bidder  und  Schmidt,  Die  Verdawtnga' 
tafU  und  der  StoffkoechseltMitwi  und  Leipzig,  1852. — Marcet,  On  the  Chemistry  of 
Digestion.  Ghem.  Sec.  J.  xv.  407.) 

The  changes  which  food  undergoes  in  the  stomach  and  intestines  consist  essentially 
in  its  transformation  either  into  soluble  substances,  or  into  emulsions,  whereby  it  is 
rendered  capable  of  passing  into  the  blood-vessels  and  lacteals,  and  available  for  the 
purpose  of  nutrition.  These  changes  are  produced  by  the  action  of  the  saliva,  gastric 
juice,  bile,  pancreatic  juice  and  intestinal  juice,  fluids  which  are  poured  from  time  to  time 
into  the  •umentazy  canal  in  very  large  quantities,  amounting  in  twenty-four  hours, 
aceording  to  the  experiments  of  Bidder  and  Schmidt,  to  almost  the  sixth  part  of  the 
weight  of  th«t  body.  If  the  results  obtained  by  these  physiologists  from  experiments 
on  animals  can  be  applied  to  man,  it  may  be  calculated  that  a  man  weighing  64 
kilogrammes  (or  about  10  stone)  will  secrete  in  twenty-four  hours: 

Saliva  amounting  to  1*6  kilogrammes,  containing  15  grms.  of  solid  matter. 
Bile  „  1*6         „  „  80 

Gastric  juice  „  6*4         „  „  192  „  „ 

Pancreatic  juice  „     0*2        „  „  20  „  „ 

Intestinal  juice  „      0*2        „  „    about  3  „  „ 

The  chief  ftinction  of  the  pancreatic  juice  and,  in  some  cases,  of  the  saliva^  is  the 
conrersion  of  starch  into  dextrin  and  sufi:ar :  according  to  Bernard  (Lemons  de  Phg- 
tiolcgie  expMmentaU  ajypliquie  a  la  Midecine^  Paris,  1856,  ii.  170-453),  the  pan- 
cpeatic  juice  also  assists  in  decomposing  neutral  fala  into  glycerin  and  fatty  acids ;  and 
this  view  is  now  generally  admitted,  although  it  is  opposed  to  the  results  obtained  by 
Frerichs  and  by  Bidder  and  Schmidt.  The  gastric  juice  is  the  chief  agent  by  which 
the  albumiiious  or  protein  substances  are  rendered  soluble ;  according  to  Marcet,  it 
likewise  converts  the  neutral  fats  into  fatty  acids.  The  bile,  according  to  the  same 
authority,  converts  into  an  emulsion  the  fatty  acids  thus  produced.  The  intestinal 
juice  appears  to  unite  in  itself  to  a  certain  extent,  the  functions  of  the  gastric  and 
pancraatic  fluids,  having  the  power  of  rendering  soluble  both  starch  and  flcsii,  or  other 
protein-bodies. 

The  albomixioiis  or  protein-substances,  albumin^  fibrin  and  casein,  both  animal  and 
TBfeliblf',  mn,  so  te  as  their  chemical  composition  is  concerned,  ready  for  immediate 
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asBimiliLtion  hy  ilie  Amenal  body  *,  in  f&ct  tliej  do  not  undergo  any  chemieal  cbange  in 
the  process  of  digestion ;  but,  under  tlii^  influence  of  the  guiitric  juiw,  thej  lose  their 
eoa^alability  bv  heat  and  by  minenil  aclda,  und  lilcevriae  their  property  of  formitig 
insoliLble  eombinationa  vritb  mont  metallic  aalts^  and  are  converted  into  soluble  isomeric 
modifioitiotis  of  albumin,  fibrin  and  ca&ein^^  c^ed  by  Lehmann  peptone tf.  In  this 
state  t bey  are  fit  t4>  be  taken  up  by  the  absorbent®.  Tbe  conversion  of  these  bodies 
into  peptones  is  not^  however,  compJet^  in  the  stomachy  &  lar^^e  portion  of  the  albu- 
minooit  constituentii  of  the  food  passing  unaltered  into  the  intestines,  where  their 
conTorsion  into  peptones  is  complet4Kl  by  the  notion  of  the  intestinal  jniee.  Indeed 
the  qaantity  of  gtist rii?  juice  eecret<?d  i»  not  BiiMcient  to  effect  the  solution  of  the 
prot^-matters  required  for  nutrition.  A  dog  secretefi  about  100  gnimmes  of  ga«tria 
J  aloe  in  twenty-four  hours  for  ere  ry  kilognimme's  weight  of  ltd  body  (Bidder  and 
Schmidt),  and  thia  quantity  of  gastric  juice  is  capable  of  digesting  about  6  ^ammcs 
of  albumin,  feckoned  as  dry  (Lehmann)  ;  but  it  appears  from  Schmidt's  experiments* 
that  a  dog,  to  ke«p  in  condition  on  an  exclusively  flesh  diet^  should  takt%  for  every 
kilogramme's  weight  of  its  l)ody,  50  grammeji  of  flesh  containing  10  grammes  of  dry 
alburainoids  t  hi?iice  the  giistrie  juice  accreted  by  the  dog  would  only  sufBce  for  tho 
digestion  of  half  of  the  albuminoids  necessary  for  its  nutrition.  That  the  intestinal 
juice  is  capible  of  digesting  theae  bodies  Ls  proved  by  the  experiments  of  Bidder  and 
Schmidt,  who  found  that  pieces  of  flesh  and  coagulated,  albumin  introduced  into  tit-d 
loops  of  intestine  were  digested  in  from  6  to  14  hours ;  also  that  the  pure  alkalino  in- 
testinal juice,  a»  well  as  that  secretion  mixed  with  bile  and  pancreatic  juice,  possesses 
the  power  of  dissohing  protem-subiitauces  externally  to  the  Ixxiy,  Tlie  transformation 
of  the  carbohydrates  by  tho  intestinal  juice  appeara  to  tako  place  wholly  in  the  small 
intestine. 

Gelatin  and  the  gelatigenoua  tisgnes  in  general  are  converted  in  the  stomach  into 
BubNtimees  which,  according  to  Lehm&im,  correspond  perfectly,  in  their  physical  and  in 
most  of  their  chemical  propertiee,  with  the  peptones  of  the  pro t^'in- bodies.  Accord- 
ing to  Marect,  htJWever^  the  peptonea  prwluced  from  gelatinous  tissue  differ  in  some 
of  their  physical  properties  from  those  derired  from  the  protein-bodies,  especially  in 
their  action  on  polarised  Hght.  Pure  gastric  juice  obtained  by  washing  out  the 
stomach  of  a  dog  with  water,  after  it  has  been  kept  fcwting  for  thirty  hours^  imd  then 
making  the  animal  swallow  pebbles,  is  quite  destitute  of  optical  rotatory  power ;  so 
likewise  ia  the  solution  of  pure  albumin  or  casein  in  this  gnstric  juice ;  but  if  the  dog  be 
then  fed  with  cartilapo,  a  gastric  juice  is  obtained  possessing  considerable  lavo-rotatory 
power  (see  GAsntic  jficb). 

Many  nitrogenous  substances  undergo  decomposition  in  passing  through  the  stomach 
and  intestines  ^^  such,  for  example,  is  the  caae  with  «»«/*?».  We  know  that  when  this 
mbstance  acts  upon  amygdalin  (i.  201),  in  presence  of  water,  prussic  acid  is  productni, 
and  accordingly,  when  emulsin  and  amygdalin  are  introduced  together  into  the  stomueh 
or  into  the  bloody  the  animul  dies  with  the  symptoms  of  p^JiMOning  by  prussic  m'id, 
Lehmann  allowed  rabbits  to  eat  sweet  almonds  (whii^h  contain  emulsin)  and  injected 
amygdalin  into  the  jugular  Tein,  one,  two,  four,  and  six  hours  after  they  had  been  fed  ; 
the  animalB  remained  perfectly  vigoroua,  showing  thut  the  emulsin  hati  not  been 
absorbed  into  the  circulation  ;  but  on  reTersing  the  exMrimeut^  and  injecting  emulain 
into  the  vein  and  introducing  a  solution  of  amygdalin  into  the  stomachy  symptoms  of 
poisoning  by  prussic  acid  soon  ahowed  themselves.  In  the  former  cuae,  then,  either 
the  emulsin  had  been  metamorphosed  by  tho  digestive  fluids^  or  it  was  incapable  of 
being  taken  up  by  the  absorbents.  To  decide  thia  |}oiDt^  Lehnifmn  collected  the 
excrementa  of  a  rabbit  which  had  been  fed  for  forty-eight  hours  on  almondSf  and 
mixed  amygdalin  with  them,  but  could  detect  no  trace  of  prussic  add  j  neither  was 
any  decompositiou  of  the  amygdalin  induced  by  the  caecal  contenta  of  the  same 
unimal:  hence  he  infers  that  the  emulsin  waa  decomposed  in  tho  intestine. 

Ctttarint,  the  poison  ofscrpenU,  and  those  poisons  which  are  produced  in  eontagiouA 
diseases,  as  k^rophobia,  alandtra,  ttfphu$,  ic,  are  Hkewise  decomposed  in  passing 
through  the  stomacli  and  intestines:  all  these  substances  may  be  taken  with  impunity 
into  the  abtnenlary  oanal,  but  produce  fatal  or  at  least  morbid  ciecti  when  intro- 
duced into  the  blood. 

The  mode  of  digestion  of  the  netitral  fat*,  such  as  are  contained  in  butter,  the  fat  of 
meat,  olive  oil,  &c,,  hn*  been  the  subject  of  much  controversy.  The  generally  received 
opinion  is  that  tbtsc  bodies  do  not  undergo  any  alter>ition,  either  mechanical  or  chemtcai 
by  the  action  of  the  saliva  or  the  gaf^tric  juice,  but  that  their  digestion  commences  in  the 
duodenum,  in  parsing  through  which,  and  still  more  in  its  further  pussage  through  ih^i 
jejunum  and  ikum,  the  fat  ceases  to  appear  in  large  drops  or  semifluid  masses,  the*e 
drops  becoming  smaller  and  smaller  aa  the  fat  descends  in  the  small  intestine,  till  at 
bngth  it  appears  finely  comminuted,  and  is,  in  fact,  converted  into  an  tmulsioiir  a 
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condition  whicli  greatly  facilitates  its  abRorption  by  the  lymphatics  of  the  intestinal 
walls.  The  mere  mechanical  division  of  the  fat  is  not,  however,  the  only  condition 
necessary  for  its  absorption.  Bidder  and  Schmidt  have  shown  that  bile  is  essential  to 
the  digestion  of  fats,  and  Wistinghansen(2>f««<T^.  inavg.  Dorpat,  Livon.  1851)  has 
ascertained  that  oil  cannot  be  made  to  penetrate  through  animal  membranes  without 
considerable  pressure,  but  that  it  ma^  be  forced  through  with  comparative  ease  when 
the  membrane  is  saturated  with  a  fluid  which  adheres  to  or  has  an  affinity  for  the  oil. 
When  the  membrane  was  moistened  with  a  solution  of  potash,  an  abundance  of  saponi- 
fied oil  passed  through  it  in  the  course  of  ten  hours,  under  a  veiy  slight  prrasure  (from 
0*068  to  0' 132  of  an  inch  of  mercuiy),  and  associated  with  it  was  fr^  fat  mechanically 
carried  through  by  the  soap.  When  a  mixture  of  equal  parts  of  potash-ley  and 
albumin  was  used,  the  oil  passed  through  the  membrane,  even  without  pressure, 
although  in  very  small  quantity ;  in  this  case  also  a  soap  was  formed.  The  oil,  how- 
ever, passed  through  animal  membranes  without  being  saponified  when  they  were 
saturated  with  a  solution  of  soap  or  bile. 

Marcet  takes  a  different  view  of  the  digestion  of  neutral  fats.  He  infers  from 
his  own  experiments,  that  these  fats  are  resolved  into  glycerin  and  fatty  acids  in 
the  stomach,  and  are  then  transformed  into  emulsions  by  the  action  of  the  bile, 
which  exerts  this  action  npon  fatty  acids,  but  not  on  neutral  fats.  Fatty  acids  are 
altogether  much  more  capable  of  forming  emtdsions  than  neutral  fats.  When  neutral 
fiUs  or  fiittj  acids  in  a  fused  condition  are  agitated  with  water,  no  emulsion  is 
formed,  but  large  globules  are  seen  to  pervade  the  fiuid ;  on  standing,  they  imme- 
diately run  into  each  other,  and  rise  to  the  surface,  the  aqueous  fiuid  remaining 
perfectly  clear.  When  fused  neutral  fats  are  agitated  with  a  solution  of  neutral 
trisodic  phosphate,  the  same  phenomenon  takes  place  as  with  pure  water,  but  when 
fused  fatty  acids  are  shaken  in  a  test-tube  with  phosphate  of  sodium,  or  with  bile,  the 
fat  is  instantly  divided  by  a  mechanical  process  into  veiy  minute  globules,  just  as 
would  happen  if  the  fat  were  agitated  with  water ;  but  at  that  moment  each  of  these 
very  small  fatty  particles  becomes  surrounded  with  a  layer  of  soap,  from  the  surface  of 
the  globule  being  saponified  by  the  sodic  phosphate  or  the  bile.  From  this  circum- 
stance the  globules  of  fat  lose  their  property  of  running  into  each  other,  and  acquire  a 
slight  increase  of  specific  gravity,  which,  however,  is  not  sufficient  to  prevent  them  from 
rising  slowly  in  the  mother-liquor,  and  finally  occupying  the  upper  part  of  the  liquid. 
Thus  it  is  that  the  fluid  is  milky,  and  that  the  emulsion  takes  a  much  longer  time 
to  rise  to  the  surface  than  pure  oil  would.  The  chemical  analysis  of  the  emulsion 
bean  out  this  view,  for  it  is  found  to  consist  invariably  of  free  fatty  acid  and  soap. 

These  facts  will  assist  in  explaining  the  absorption  of  fats,  since,  when  in  the 
form  of  an  emulsion,  they  can  no  longer  be  in  direct  contact  with  the  intestines,  a 
layer  of  soap  intervening  between  the  fat  and  the  membrane.  Soaps  may  be  con- 
ceived to  pass  through  a  membrane,  whilst  fat  is  known  to  be  incapable  of  so  doing ; 
consequently  we  may  imagine  fats  to  be  absorbed  under  the  form  of  complex  globules, 
the  inside  of  which  is  free  fat,  and  the  outside  soap. 

These  observations  on  the  power  of  bile  to  convert  fatty  acids  into  an  emulsion  and 
afterwards  into  soap,  are  quite  in  accordance  with  the  results  obtained  by  Bidder  and 
Schmidt,  and  by  Wistinghausen  above  mentioned,  though  it  does  not  appear  that 
these  obsorers  noticed  the  difference  existing  in  this  respect  between  neutnu  fats  and 
£itty  acids. 

The  power  of  digesting  fats  does  not,  however,  belong  exclusively  to  the  bile :  for  a 
portion  of  the  fats  taken  into  the  stomach  is  not  acidified,  and  consequently  must 
escape  the  action  of  the  bile ;  in  this  case,  the  pancreatic  juice  effects  the  conversion, 
as  observed  some  time  ago  by  Bernard.  The  absorption  of  fatty  acids  explains  a  fact 
observed  by  Yeideil  and  Marcet  in  1861,  viz.  that  the  blood  contains  free  fatty  acids. 

Among  the  so-called  carbo-hydrates,  the  most  important  as  an  article  of  food  is 
9tarcL  This  substance,  being  insoluble,  cannot  be  taken  up  b^  the  absorbents  until  it 
has  been  converted  into  dextrin  and  sugar,  a  change  which  is  effected  partly  by  the 
saliva,  parUy  by  the  pancreatic  and  intestinal  juices.  The  action  of  saliva  upon  starch 
ii  not  tne  same  in  all  animals.  Odiine  found  that  pure  parotid  saliva,  obtained  from 
a  man  who  had  a  fistulous  opening  in  tbe  parotid  duct,  converted  boiled  starch  quickly, 
and  raw  starch  more  slowly,  into  sugar,  whereas  saliva  obtained  in  like  manner  from 
a  yoonff  donkey  had  no  effect  on  starch,  either  boiled  or  unboiled.  According  to 
Bernard,  the  saliva  of  horses  is  likewise  without  action  on  starch.  In  ruminating 
MimyaU^  which  retain  their  food  for  a  long  time  in  the  paunch,  where  it  is  exposed  to 
the  continuous  action  of  the  saliva,  a  great  portion  of  the  starch  contained  in  the  food 
is  pfobably  transformed  into  sugar ;  and  the  same  is  the  case  in  the  crop  of  birds;  but 
in  all  other  ^w^wmla,  the  action  of  the  saliva  during  the  short  time  that  the  food 
IS  in  the  month,  must  be  very  slight,  so  that  the  greater  part  of  the  starch 
onebaiiged  into  the  stomach,  where  the  fVirther  action  of  the  saliva  upon  it  ia 
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to  a  certain  degree  suFpended  by  tJie  gastric  juice^  whea  secwted  in  siifiicieBt  qufuititT. 
On  passing  into  the  duodenunit  the  st^irch  is  brought  in  contact  with  the  powcrftilly 
acting  pancreatic  juice,  and  afterwards  in  the  ileum,  with  the  intestinal  juice,  which 
acts  upon  it  in  a  einiilar  manner,  but  less  strongly.  As  the  starch  paaaes  on,  the 
gninalei!  become  eoftened  on  their  surfacet  diminiah  in  size,  and  arc  gradually  dis- 
itolved  in  the  form  of  dextrin  and  glucose ;  the  dextrin  is  the  fu^t  product  of  the 
traiififormatioQf  but  is  ao  rapidly  conyerted  into  augar*  that  it  is  rarely  found  in  the 
intestine,  and  even  then  onlr  in  rexj  small  quantity. 

Inxdin  is  affected  by  the  digeatiTtt  fluids  in  the  same  manner  as  starch ;  but,  accord> 
ing  to  Lehnmnn's  experixacnta^  ita  traDfiformatioQ  is  muiib  more  rapid. 

Glucose  or  grape-sugar^  whether  formed  from  starch  in  the  manner  above  described^ 
or  introdueed  directly  into  the  alimpnlary  canal,  is  partly  taken  up  dirc<!tly  by  the  in* 
te^tinal  absorbents,  and  passes  into  the  blixd  without  alteration^  ancl  is  portly  converted, 
by  the  action  of  the  bile  and  intestinal  juices,  into  lactic  acid^  and  in  that  state 
passes  into  the  circulation.  Ganf-sugar  appears  to  be  converted  into  glucose  before 
it  is  absorbed  into  the  circulation,  Miik-sugar  appears  to  comport  itself  in  the 
intestinal  canal  in  tlie  same  manner  as  glucose;  it  distributes  itself  very  rapidly 
throughout  the  small  intestine^  and  in  al)out  an  hour  afber  it  has  been  swallowed, 
may  be  traced  as  far  as  tlie  eiecum;  but,  like  glucose  and  cane-sugar,  it  occasions  an 
intensi^ly  acid  reaction  in  the  jejunum  and  ileum,  which  renmina  for  three  or  four 
bours  after  the  injection  of  the  sugar. 

Pectin  and  the  allied  substances  are  totally  unaJTected  by  the  digestive  fluids, 
(Blondlot,  Frerichs.) 

Gum^  although  an  easily  soluble  SEbatance,  does  not  play  an  important  part  in  the 
process  of  anim.d  nutrition;  indeed  it  rarely  occurs  as  a  constituent  of  nutritive 
matters,  even  of  the  food  of  the  herbivora.  It  Is  not  affected  by  the  digestive  flaidn, 
and,  when  given  to  animals,  U  not  subsequently  found  in  the  blood  or  in  the  urine, 
but  passes  unchanged  into  the  solid  eicrt?ments-  Botissinganlt  caiised  a  duck  to 
swallow  flfly-twQ  grammes  of  gum-araliic,  niid  in  the  course  of  mine  houi^  forty-sir 
grammes  were  recovered  from  the  exeremcnts.  The  fact  of  gum  not  being  taken  up 
in  perceptible  quantity  by  the  intestinal  absorbents,  is  related  to  its  low  difftisibility^ 
which,  according  to  Grab  am  p  is  only  half  that  of  atarch-sugari  and  four  or  five  times 
less  than  tliat  of  chloride  of  soilium. 

CiUuIo^e^  or  WGodff-Jibrf,  resists  the  action  of  all  the  digestive  fluids:  hence  all 
vegetable  substances  essentially  consisting  of  cellulose  pass  unchanged  into  tlie  excro- 
meats  of  most  herbivorous  ami  oranivoroua  animals.  In  some  animak,  however,  which 
swallow  very  large  quantities  of  woody  fibre,  it  appears  probable  that  some  means  must 
exist  of  rendering  this  substance  soluble.  In  the  beaver,  the  whole  stomach,  and  more 
especially  the  csecnm,  are  often  found  plugged,  as  it  were,  with  fragments  of  wood  and 
bark,  amongst  which^  according  to  Lenmaniij  no  easily  soluble  nutrient  sube^tanoe  can 
be  detected.  Now,  in  this  animal,  the  organs  whose  secretions  contribute  more  esoe- 
citilly  to  the  metamorphosis  of  the  carbo-hydrates,  are  developed  in  a  remarkaole 
decree— tho  snlivarj^  glands  amonnting,  according  to  Weber,  to  -^  of  the  whole  weight 
of  the  body,  whereas  in  man  they  do  not  exceed  ^Jrof  the  entire  weight.  The  pancreas 
in  the  beaver  is  oIm  very  bulky,  iirid  there  is  a  large  gastric  gland,  pecullax  to  the 
animuJ,  which  may  perhtipy  have  some  relation  to  its  power  of  digesting  ceUulose.  It 
is  well  known  that  cellulose  is  converted  into  dextrin,  or  a  similar  substance,  by  the 
action  of  alkalis,  even  when  very  dilute  ^— and  it  is  by  no  means  improbable  tiiat  the 
alkaline  juices  of  the  salivary  glands,  the  pancreas,  and  the  csecal  glands  of  the  beaver 
may  fiflcct  this  transformution. 

The  relative  digestibility  of  differt^nt  kinds  of  food  is  a  subject  on  which  it  is  veiy 
difficnlt  to  obtain  precise  n*i*ults,  inasmuch  as  the  facility  with  which  any  substance  is 
digested  depends  very  much  on  it*  state  of  meclianicjil  division  or  aggregation,  and  on 
the  condition  of  the  <Hg^*tivo  organs  at  the  time  when  the  food  is  taken ;  food  taken 
into  the  empty  stomach,  uftor  fasting  for  some  hours,  will  be  digested  much  mors 
quickly  than  the  same  kind  of  food  introduced  into  the  stomach  partly  full  or  imrae- 
diately  after  it  has  been  emptied.  The  point  to  which  observation  has  been  chiefly 
directed  is  the  time  during  which  diiTi^rent  kin^ls  of  food  remsiin  in  the  stomach,  those 
liclng  considered  the  most  digestible  wliich  pa^^s  out  most  quickly,  in  intervals  varying 
frnm  an  hour  to  an  hotir  and  a  half.  8uch  observationit  are  made  eitheir  by  feeding 
animals  with  diiferent  kintls  of  foo^l,  and  killing  them  at  various  intervals  after  the 
meals^ — or  by  introducing  portions  of  food  enclosed  in  muslin  bags  into  the  stomachs  of 
animals  bearing  gastric  fistuhe.  A  series  of  observations  of  this  latter  kind  were  made 
by  Beaumont  (£lr/>fr<V/K«i«  and  (MfcritatimiB  on  the  Gastric  Juice  and  Pht/^otogy  &f 
DigtAtion^  Boston,  1834),  on  a  man  having  a  large  fistulous  opening  into  the  stomach 
resulting  from  a  gun-shot  wound.  It  is  clear,  however,  that  such  observatians  can 
give  but  an  imperfect  idoa  of  the  ivlative  digestibility  of  different  articlwi  of  food. 
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inaimiich  as  the  digestion,  eren  of  albuminons  substances,  is  not  completed  in  the 
stomach,  and  that  of  most  vegetable  substances  does  not  even  commence  till  they  reach 
the  intestine. 

The  digestibilitv  of  the  albuminous  bodies  depends  veiy  much  on  their  state  of  ag- 
sregation.  Soluble  coagulable  albumin^  like  unboiled  white  of  egg,  is  much  more 
digestible  than  the  same  substance  when  coagulated.  Soluble  casein,  as  it  exists  in 
mOk,  is  one  of  the  most  indigestible  of  the  unboiled  albuminous  substances,  inasmuch 
IS  it  is  very  quickly  coagulated  by  the  acid  gastric  juice,  and  then  but  slowly  dissolved. 
A  considerable  difference  is,  however,  observable,  according  to  the  denser  or  more 
porous  condition  of  the  coagulum.  The  casein  of  human  milk,  which  forms  a  gelatinous 
coagulnm,  is  much  more  rapidly  digested  than  that  of  cows'  milk,  which  forms  in 
the  stomach  a  compact  lump,  generally  coagulated  into  a  solid  balL 

Suntoftin,  or  musck-fibrin,  is,  according  to  Lehroann,  veiy  easily  digested,  more 
etsfly  than  the  blood-fibrin  of  the  ox.  The  digestibility  of  muscle  vanes,  however, 
greatly  with  its  conformation.  The  smooth  muscular  fibre,  like  that  of  the  stomach 
and  intestines,  is  much  more  digestible  than  the  striated  muscles,  because  the  former 
is  not  provided  with  the  dense  and  insoluble,  although  thin  integument,  which 
encloses  the  primitive  bundles,  and  consequently  the  syntonin,  in  the  latter,  ~  but 
is  for  the  most  part  surrounded  only  by  loose  connective  tissue,  which  is  easily  per> 
meated  and  dissolved  by  the  digestive  juices.  The  flesh  of  young  animals  is  more 
easQy  digestible  than  that  of  older  animals,  because  the  primitive  bundles  of  the 
former  are  much  thinner  than  those  of  the  latter,  and  consequently  present,  in  relation 
to  their  mass,  a  larger  extent  of  surface  to  the  action  of  the  gastric  juice.  Frerichs 
ibnnd  that  the  flesh  of  old  animals  required  for  digestion  an  hour  or  an  hour  and  a 
half  longer  than  that  of  young  animals. 

Baw  flesh  is  generally  regarded  as  more  difficult  of  digestion  than  boiled  or  roast 
meat ;  the  difference  is  not>  however,  very  great,  and  has  been  estimated  by  Frerichs  at 
only  half  an  hour.  In  fact,  the  advantage  derived  from  the  loosening  of  the  connective 
tissue  and  the  partial  destruction  of  the  organic  structure  by  boiling  or  roasting,  is 
partly  counteracted  by  the  coagulation  of  the  albumin  in  the  muscular  juice  and  the 
hardening  of  the  syntonin. 

Gelatin,  in  its  pure  state,  is  one  of  the  most  easily  digestible  substances.  In  Beau- 
mont's experiments,  the  gelatinous  character  of  this  substance  disappeared  after  it  had 
remained  twenty  minutes  in  the  stomach,  and  after  an  hour  no  trace  could  be  found  of 
120  grammes  of  jelly  which  had  been  taken.  The  digestibility  of  the  gdatigenous 
Utsues  depends,  however,  very  much  upon  their  state  of  aggregation,  and  is  greatly 
increased  by  boiling.  Tendons  and  cartilage,  and  all  those  tissues  which  are  abundantly 
intersected  with  elastic  fibres,  belong  to  the  least  easily  digested  class  of  substances, 
inasmuch  as  true  elastic  tissue  and  elastic  fibres  completely  resist  the  action  of  the 
digestive  fluids. 

Die  fats  belong  to  the  least  digestible  class  of  substances;  indeed  fat,  when  taken 
in  large  quantity,  either  alone  or  with  other  food,  usually  remains  for  a  long  time  in 
the  stomach,  sometimes  even  for  6|  hours.  It  is  not  only  not  digested  in  the  stomach, 
but  often  exerts  an  impeding  action  on  the  diction  of  other  substances,  since  it  is 
liquefied  by  the  heat  of  the  stomach,  and,  encasing  the  particles  of  food,  prevents  them 
from  coming  in  contact  with  the  gastric  juice ;  moreover,  it  becomes  rancid  during  its 
long  retention  in  the  stomach,  and  forms  volatile  acids,  which  exert  a  very  deleterious, 
though  not  well  understood  action  on  digestion.  The  true  digestion,  that  is,  the 
emulsioning  of  fat,  docs  not,  indeed,  commence  till  it  reaches  the  small  intestine,  where 
it  comes  in  contact  with  the  bile  (p.  826).  Small  quantities  of  fat  appear,  however,  to 
be  easily  digest^ ;  and,  according  to  Lehmann,  fat,  when  not  mixed  in  too  large 
quantity  with  the  food,  essentially  promotes  the  digestion  both  of  albuminous  and 
amylaceous  substances. 

Starch,  the  principal  nutrient  matter  of  most  vegetable  food,  is  much  more  easily 
digested  in  the  boiled  than  in  the  raw  state,  the  effect  of  the  boiling  being  to  burst 
the  envelopes  of  the  starch-granules  and  thus  expose  the  starch  to  the  action  of  the 
taliva  and  the  pancreatic  and  intestinal  juice,  whereby  it  is  converted  into  sugar. 
When  raw  starch  is  eaten  in  large  quantity,  a  considerable  portion  of  it  passes  away 
unchanged  in  the  solid  excrements. 

.The  digestibility  of  veaetables  depends  very  much  on  the  nature  of  the  cells  in 
which  the  starch  and  the  albuminous  matters  are  enclosed;  if  the  cells  are  still 
invested  with  epidermis,  no  portion  of  them  is  dissolved,  the  epidermis  of  plants  beins 
completely  proof  against  the  digestive  fluids.  Boiline  usually  renders  vegetable  food 
more  digestible,  by  thoroughlv  loosening  the  intercellmar  substance,  and  thus  allowing 
the  digestive  juices  to  make  their  way  more  readily  into  the  cells. 

MftJUllVJi    SA&T.      Sal   digestitmm    Bylvii,     Syn.    with  Chlobidb    ov 

POTASSIOC. 
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BZOBSTam.     g<*«  DmBSTBB  (p.  32d>. 

HZGZTA&ACKnr.  Biffitalicrin.  Tbifl  nnme  wmi  applied  by  Wals  (Jalirl).  pnl 
Pbftrm.  3txi.  29)  to  an  acrid  aubstance  which  he  obtained  from  crude  digitalin  hj 
exbauijtion  with  c^therj  and  to  which  he  aaaigned  the  farmiili  C^H^G^,  Snbsequentlj  | 
this  product  has  ber^n  found  to  be  ft  mixture  of  ?eTeml  5ul>stAnee«.  When  its  alcoholio  j 
solution  IB  mixed  with  basic  acpt&ie  of  lead,  which  tnkes  up  the  colouring  matter,  tha  I 
ftltrat*  evaporiited,  and  the  residue  washed,  first  with  ammoniacal  wat^r,  then  with  j 
cold  alcohol,  and  diisolved  m  boiling:  aJcohol,  white*  nacrooiw  Liminie  are  obtained,  < 
conaieting  of  Witlx's  digitaloicaeid  €^iP*0*,  eolnble  in  ether  and  in  alcohol,  bul  j 
insoluble  in  water. 

C?nidp  di^talacTlii  likewise  contain h  a  resin  or  fat  pnecipitabla  by  basic  acetate  oC  1 
l<*ad.  By  decompMing  the  lead^precipitate  under  alrohol  with  sulphydric  acid,  and  f 
leaTing  the  filtrate  to  eTaporate,  the  resin  called  digital  in -fat  or  digit  aloi'n  i» 
obtained,  in  white  cmtalliae  scales,  which  melt  to  an  oil  at  a  gentle  heat,  and  ai«i 
iaid  to  consist  of  C^b^OK  Wak  regarda  the  compound  as  a  glycerido,  but  does  noM 
itate  whether  glyccriii  can  be  obtained  from  it, 

]liaZTA,XiiB£ir.  Diffitaline.  A  aubstance  said  byKoaHmann  (Buchn.  Eep«rt 
xcii.  348)  to  b*  conUiined  in  the  preci pi trtt4?  thrown  down  by  basic  acetate  of  lead  from 
the  aqueous  extract  of  foxglove  {lHqiUUi»  purpurea).  The  precipitate  is  first  ' 
exhausted  with  ether,  which  diaaolTcs  digitoleic  add,  the  reaidae  is  boiled  with  alcohol^ 
and  the  eolution  eTaporatod  :  it  then  depoaits  the  digitaleiD  in  the  orystalline  form. 
This  body  ia  slightly  soluble  in  water,  easily  in  alcohol,  insoluble  in  ether.  The 
aqaeous  solution  is  preeipitated  by  lead*salta,  but  not  by  ferrous  sulphate  or  Mirer* 
salts. 

IIZCrrT^^lSTZir«     Wala's  name  for  pure  digitalin. 

DZarrAS-ZC  ACZS.  (P.  Morin,  J,  Phann.  [3]  Tii.  294.)— An  acid  contained 
in  fi>X)jloTft  (Digiialis  purpuirtt).  To  obtain  it,  an  aquooua  infusion  of  the  leaves  is 
eTaportited  to  th«  conMistence  of  an  extract,  and  p;radually  mixed  with  alcohol  of  02  or 
04  per  cent  a»  long  aa  anything  separates  from  it.  The  mistiire  is  left  to  clarify,  and 
the  alcohol  is  decanted  and  distilled  in  the  water-bath,  till  the  residue  acquires  the 
eonaiatence  of  a  thick  extract.  This  residue  is  boiled  several  times  with  ether,  which 
diBBolrea  digitalic  acid  and  di^talin.  and  the  ethereal  solution  is  shaken  up  with 
baryta  till  it  aeqiiire«  an  alkaline  reaction,  whereby  the  digitalic  acid  is  precipitated 
M  &  barium-stilt,  wliile  the  digitalin  n^niaina  in  solution .  This  nali  Is  washed  with 
ether  and  strong  alcohol  to  remove  distal  in,  and  then  decomposed  by  dilute  sulphuric 
acid,  care  being  taken  not  to  convert  all  the  bar)  ta  into  sulphate;  The  filtered  liquid  ia 
concentrated  by  evaporation  out  of  contact  of  air,  then  mixed  with  strong  alcohol  to 
separate  the  undecomposed  barium-salt,  and  the  alcoholic  filtrate  is  evaporated  in 
vacuo.  Throughout  the  whole  process,  great  care  must  be  taken  to  prevent  access  of 
air  to  the  matcTiaL 

Digitalic  acid  crystallises  in  nwKlles.  It  has  a  peculiar  odouA  which  becomes  strong 
when  the  acid  is  heated,  and  a  decided  acid  taste  ;  it  reddens  litmus*  It  is  not  rola- 
tile»  but  melts  easily^  becoming  coloured  iind  charred  at  a  higher  temperature,  without 
evolution  of  ammonia.  It  is  very  soluble  in  vatcr,  but  the  solution  soon  becomes 
coloured,  the  change  being  accelerated  by  light  and  heat»  It  is  moderately  iwlable 
in  aicohoi^  and  the  solution  keeps  better;  lesa  soluble  in  ether.  It  haa  not  been 
analysed. 

It  expels  carbonic  acid  firom  atkaUne  carbonates,  but  its  salta  are  decomposed  by 
contact  witli  the  air,  even  more  easily  than  the  fire  acid.     The  digitalates  of  potato  , 
eium,  sodium,  barium,  calcium,  strontium,  maonestum,  zinc,  and  fmrrioim  are  soluble 
in  water;  the  copper^salt,  the  ferrous  salt,  and  the  lead  and  silver-salta  are  obtained 
by  precipitation. 

The  name  digitalic  acid  is  also  applied  by  Kossmanii  to  a  product,  (^H'*C^, 
obtained  by  boiling  ^ligitalLn  ifdth  moderately  dilute  Bodn-ley  or  with  lime.     It  ia  pre- 
cipitated by  acids  from  the  alkaline  solution  in  white  fiix^kn,  may  be  crystallised  from 
alcohol^  and  forms  ciyatAlline  salts  with  basea.    By  boiling  with  acida  it  is  reaolted  , 
into  digital iretin  and  glucose. 

SIOITAKZCS2V.     See  DiQrrAi,ACSiN. 

BiazTiL^iir.  (Le  Kover,  Bibi  Unir,  irvi.  102. — Lancelot^  Ann.  Cb.Pbanxu 
xii.  2fil. — Trommsdorff,  itniL  xxiv.  240;  and  Arch.  Pharm,  x.  113.— Horn olle,  J. 
Pharm,  [3]  wi.  67.-^0.  Henry,  ilncL  vii,  460. — Homolle  and  Qtterenne,  M^moirei 
8ur  la  bigitalinty  PariB,  1851;  abstr.  Bepert.  Pharm.  [3]  ix.  2.^Wale,  Jahrb.  pr. 
Pharm.  xiv.  20;  xxi,  29;  xxiv.  86;  Gerh.  Traits,  iv.  286.— N.  Jahrb.  Pharm.  vtiL 
332  ;  ix.  302 ;  x.  318;  Jahresber.  d.  Chera.  1847,  p-  646 ;  1851,  p.  567 ;  1852,  p.  679; 
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1853,  p.  568;  1867,  p.  620;  1868,  p.  528.— Delffs,  N.  Jahrb.  Pharm.  ix.  26; 
Jahresoer.  d.  Chem.  1858,  p.  528. — Kossmann,  J.  Pharm.  [3]  zxxviiL  6.)  — 
The  active  principle  of  DipUuis  purpurea.  It  ia  obtained  by  exhausting  the  commin- 
uted leaves  of  foxglove  with  alconol ;  concentrating  the  extract  by  evaporation ;  treat- 
ing the  sympy  residue  with  acetic  acid ;  decolorising  with  animal  charcoal ;  treating  the 
resulting  solution,  which  contains  acetate  of  digitalin,  with  tannin,  whereby  the  digitalin 
is  precipitated  as  tannate ;  and  decomposing  this  precipitate  with  oxide  of  l»&d,  which 
sets  the  digitalin  free.  It  is  then  decolorised  with  animal  charcoal  and  crystallised 
from  ether. 

On  the  large  scale,  digitalin  may  be  directly  precipitated  from  the  aqueous  decoc- 
tion of  the  plant  by  tannin. 

According  to  Delfb  and  Walz,  dimtalin  prepared  as  above  is  not  pure.  Belfis  pun* 
fies  it  from  an  admixed  resinous  body  by  washing  it  with  cold  alcohol  of  70  per  cent, 
and  dissolving  the  residue  in  boiling  alcohol  of  85^,  from  which  the  pure  digitalin 
separates  on  cooling.  Walz  treats  the  impure  digitalin  with  ether,  which  extracts 
digitalacrin,  and  the  residue  with  water,  which  dissolves  digitasolin  and  leaves  pure 
di^talin.    (Wals's  Di^taletin.) 

I)igitalin  is  white,  mfficult  to  crystallise,  inodorous,  has  a  bitt«r  taste,  is  yeiy 
sparinglpr  soluble  in  toater,  to  the  extent  of  only  ^^  at  the  boiling  heat,  moderately 
soluble  in  ether,  freely  in  alcohol ;  according  to  Delns,  only  when  it  is  contaminated 
with  resin.  Digitalin  exerta  a  powerful  action  on  the  animal  economy,  even  a  small 
dose  of  it  producing  poisonous  effects.  The  smallest  quantity  of  it  introduced  in  the 
state  of  powder  into  the  olfactory  organs  produces  violent  sneezing. 

The  composition  of  digitalin  has  not  been  determined  with  certainty ;  according  to 
Delf&,  it  is  C"IP*0^;  according  to  Kossmann,  C*«ff**0»,  or  C**H«*0«». 

Digitalin  becomes  coloured  at  180°  C,  and  decomposes  with  much  tumefaction  when 
heated  above  200°.  Sulphuric  acid  dissolves  it,  acquiring  thereby  a  brown  colour,  which 
soon  changes  towards  cnmson.  The  solution  poured  into  water  colours  it  greenish.  Htf' 
droehloric  acid  dissolves  digitalin,  forming  a  yellow  liquid,  which  gradudly  changes  to 
a  dark  green.  Tannin  precipitates  digitalin  from  its  aqueous  solution.  It  is  not  pre- 
cipitated by  nitrate  of  silver,  mercurous  nitrate,  acetate  of  copper,  or  acetate  of  lead, 
either  neutral  or  basic 

According  to  Ludwig  and  Delfis,  digitalin  boiled  with  mineral  acids  yields  a  liquid 
which  reduces  an  alkaline  cupric  solution.  According  to  Kossmann,  digitalin 
(C»*H»H>*)  boiled  with  dilute  sulphuric  acid  yields  glacose  and  digitaliretin,  C*H*»0". 

C»*H~0»  +  4HK)  -  4C«H«0«  +  C»H"0'». 

According  to  Walz,  pure  digitalin,  called  by  him  digitaletin  (C"H"0*),  is  resolved  by 
boiling  with  dilute  sulphuric  acid,  partly  with  abstraction  of  2  at.  water,  into  paradigi- 
taletin  (C**H"O0,  partly  into  digitaliretin  (C*«H*K)*)  and  glucose : 

C«H»0»  -  C«H"0*  +  C««H"0>. 

Digitalin  boiled  with  moderately  dilute  soda-ley,  or  with  lime,  takes  up  water,  and 
is  converted  into  Eossmann's  digitalic  acid  (p.  328). 

BZOXTA]^^-^ AT.    See  Dioital^ciun. 


BZOZTAl^ZXaTZV.  A  product  of  the  decomposition  of  digitalin  by  dilute  sul- 
phuric acid.  Its  formuke,  as  determined  by  Kossmann  and  by  Walz,  have  just  been 
given.  According  to  Kossmann,  it  is  sparingly  soluble  in  ether,  easily  in  alcohol,  and 
crystallises  from  hot  alcohol  in  shining  grains. 

BZIUTA&ZS.  A  genus  of  plants  belonging  to  the  natural  order  Scrophulariacea. 
The  best  known  species  is  the  common  foxglove.  Digitalis  purpurea,  the  herb  of  which 
is  used  in  medicine,  both  as  a  diuretic  and  for  its  retarding  effect  on  the  circulation. 
From  the  results  of  numerous  chemical  investi^tions,  this  plant  has  been  found  to 
contain  the  following  more  or  less  problematical  compounds,  besides  the  ordinary 
vegetable  constituents,  starch,  sug^,  albumin,  oil,  ^c, :  —  Diaitalin^  already  de- 
scribed, licrin,  obtained  by  agitating  the  aqueous  extract  of  the  plant  with  ether. 
ScapHn,  an  acrid  extractive  substance,  not  separated  from'  the  aqueous  extract  by 
ether  (Badig).  Morin  found,  besides  digitalin,  a  volatile  acid,  antirrhinic  acid 
(L  348),  and  a  non-volatile  acid,  digitalic  acid  (p.  328).  Walz  has  obtained,  as  volatile 
principles,  digitalosmin  and  digitalissic  acid  (valeric  acid) ;  and  as  non-volatile  prin- 
ciplet,  digitalin,  digitasolin,  dSgitalacrin,  digitaldin,  and  digitaloic  acid.  Whether  all 
thsie  bo£ef  are  really  distiiict,  or  whether  they  have  been  obtained  quite  pure,  ia  a 
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point  not  jel  quite  decided ;  but  Wak'a  iuialys«s  certainly  agree  xerf  well  witli  hU 
fomitilw. 

According  to  Bucbner  (Bepcrt.  [3]  ix.  38),  tbo  Bceda  of  foigloTe  oootjuii  about 
3  per  cent  of  digitalin,  mofe  indeed  than  the  herb,  aad  40  per  cent,  of  their  veigbt  of  a 
drying  oil,  which  is  said  to  hold  the  digitalin  in  eombinRtion,  Tho  BCHjd-capBiilefl  and 
cuiices  contain  but  a  eimill  quantity  of  digitnlia,  about  0'3  per  cent 

From  Digitalis  lutta,  Wabs  obtained^  by  diBtillation,  digitalosmin,  and  a  pectdiar 
volatile  fatty  acid,  iffOmtTic  with  valeric  acid ;  ulso  formic  acid,  acetic  amd,  digitalin, 
digitahcrin,  and  digitaiiolin*     (Hand,  d.  Cbeiu*  2^*  Aufl.  ii.  [3]  466*) 

SZOZT^&ZSSXO  JLCm.    See  BiGiriXis. 

IISGX7AtOS]ISSir.  The  odoriferooB  principle  of  Dup'ta/is  purpurea  and 
2>.  lutca,  ohLiined  ns  a  fatty  fiJm  by  distilling  either  of  tbcse  plants  with  water.  It  is 
a  camphoroidid  snbeljince  inBohiblc  in  cold  water,  aolubl»  in  alcohol  and  in  ether^  melta 
when  heated  with  water,  and  is  not  dissolved  by  ammonia.  (Walz.) 

nZGZTA.SOlin'.  (Walz,  K.  Jahrb.  Phonn.  ix.  302  ;  Jabrceber.  d.  Chem.  1858, 
p.  629.)— This  substance,  now  called  by  Walz,  difjitalin^  constitutes,  according^  to  his 
olHsenrationa,  the  prinr:ipal  portion  and  the  active  principle  of  comTOercial  digitalin. 
Itn  formida,  accordiuK  *o  Wtilz's  lategt  detcLrmination,  is  C*H*'0".  When  commercial 
digitalin  is  exhausted  with  ether  (to  remove  digitjUwcrin),  the  dry  residue  treated 
with  water,  and  the  aqueous  extract  cither  purified  with  animal  charcoal  andf'vnr»orateti, 
or  treated  with  oxide  and  btisic  acetate?  of  Icad^  then  freed  from  lead  by  suJpjiuric  acid, 
neutralised  with  ammonia,  and  precipitated  by  tannin,  digitasolin  is  obtained  us  a 
yeUowish  amorphous  m^ss^  which  is  soluble  in  120  pta.  of  cold  tmd  40  pta,  of  t*oiling 
water,  dilfering  therein  essentiaUy  from  the  compound  uanally  (^ed  di^taiin. 
(WaU's  Dujiialcthi,  p,  328,) 

Digitaaolin  is  decomposed  by  boiling  with  dilute  stdpbnrie  acid,  yielding  d  igi  tali- 
re  tin.  C"H**0',  soluble  in  alcohol  and  ether,  and  melting  at  60^  C,  auil  pn  rad  ig  it  fi- 
let in,  CH'^O',  insoluble  in  other,  Boluble  in  alcohol,  and  remaining  solid  at  ItlO^  C* 
(p.  328). 

marroUBZC  ACm.  (Kossmann.  J.  Chim.  mM.  f3]  ii.  37L)  — A  kind  of 
fatty  add  contained  in  the  leaves  of  Digitali*  purpurea.  It  is  obtalnwl  by  exhausting 
the  leaves  with  cold  water,  precipitating  with  acetate  of  lead,  decomposing  the 
precipitate  with  ciirbonate  of  sodium,  treating  the  filtered  aolnlion  with  hydro<*liloric 
aciri,  which  prccipitatn  s  the  digitoleic  acid,  and  crystallising  the  product  from  Btron^ 
aloohoL  The  add  crystallises  In  slender  needles  grouped  in  stars  or  gmins  and 
having  a  green  colour.  Tast«  bitter,  odour  a^ireeablj  aromatic  Sparingly  sokible  in 
water,  very  soluble  in  alcohol  and  ether.  Reddens  litmus  and  expels  carbonic  acid 
from  alkaline  and  Ciirthy  carbonates. 

The  diffffolcafrs  are  yellow  or  greenish  yell^rw ;  those  of  the  alkalis  arc  soluble ;  the 
rest  insulnble.     The  solutions  of  the  alkaline  sait®  froth  like  soap-water. 

SZBTUBXTS.  Cu"P0*,2CuII0. — A  basic  phosphate  of  copper  from  Niscbne- 
Tngilfik  in  the  UruL    (See  Phosphates.) 


A  vegetable  ffubetance  somewhat  resembling  cocoa,  prepared 
from  the  fruit  of  the  Mnngifi-ra  G^xhonensis,  a  tree  growing  abundantly  on  the  west 
cofisit  of  Africa^,  from  Sierra  Leone  to  the  Gaboon.  The  fruit,  whieh  is  about  as  large 
as  a  swan's  egp,  contains  a  white  almond  having  an  agreeable  tutfte.  Thwe  almonds^  | 
when  coarsely  bruised  and  warm-pressed*  form  dika-bread,  which  has  i  grey  colonr,,] 
with  white  spots,  smells  like  ro:ist«d  cocoa  and  loasted  fiour,  has  an  agreeable,  some* 
what  latter  and  astringent  taste,  and  is  greasy  to  the  touch.  It  is  a  valuable  artidi 
of  food,  and  is  used  abundantly  by  the  natives  of  the  country, 

Dika-bread  contains  a  Iflrge  quantity  of  fat.     O'Horke  (J.  Pharm.  (3],  xxxL  275)1 
obtained  from  it  from  7!>  to  80  percent-,  eolid  fat,  melting  at  30^  C.     Onderoanna^ 
(J.  pr.  ChemJxxxi  356)  obtained  by  exhaustion  with  ether,  6(1  percent  fut,  melting 
at  33^  C.     The  fat  has  on  agreeable  odonr,  and  is  easily  saponified  by  potash,  yielding 
myrintic  and  luuric  acids,  but  no  volatile  acid. 

BSXhaTATZOir.    See  Hbat. 

mitATOBCETSK.    This  name  is  given  by  Kopp  to  a  therm ometric  apparat 
for  meawuring  the  ex|>ansion  of  liquids  (see  IIkat)  ;  by  Silberraann  to  an  instmment  ^ 
which  he  uses  for  measuring  the  expansion  of  a  mixture  of  two  liquids,  and  thence 
dcfermining  their  relative  quantities;  e.g.  tot  determining  the  streugth  of  aqueoua 
alcohol. 

H^UT^ltZC  AOZXk,   Kitrodilitie  acid^     (Schlieper,  Ann.  Tk  Pharm.  Ivi.  23,) 
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When  aqneous  allozautin  is  boiled  with  hydrochloric  acid;  the  mixture  of  allitaric 
acid  and  alloxantin  which  separates  on  cooling,  treated  with  nitric  acid,  to  dissolve  oat 
the  latter;  the  nitric  acid  solution  treated  with  sulphuretted  hydrogen,  and  filtered ;  and 
the  filtrate  mixed  with  nitric  acid,  and  evaporated  to  one-third ; — a  yellowish  powder  is 
obtained,  which,  by  reciystallisation  from  hot  water  yields  yellow  laminse.  Schlieper 
assigns  to  this  compound  the  formula  C'H*N^O*,  and  regards  it  as  the  ammonium- 
salt  of  a  pecaliar  add,  which  he  has  not  sacceeded  in  isolating,  which  he  calls 
Dilituric  acid.  The  compound  is  nearly  insoluble  in  cold,  sparingly  soluble  in  hot 
water ;  insoluble  in  ammonia ;  soluble  in  sulphuric  acid,  and  reprecipitated  unchanged 
by  water ;  neither  dissolved  nor  decomposed  by  nitric  acid.  It  is  soluble  in  dilute 
potash,  with  evolution  of  ammonia :  from  the  solution  acids  precipitate  acid  dislurate 
of  potassium.  The  acid  appears  to  be  dibasic.  Besides  the  potassium-salt,  Schlieper 
has  analvsed  ita  silver-salt  F.  T.  C. 


4Al*0«.3SiO*  +  8H«0.  (Haidinger,  Pogg.  Ann.  xxviii.  675.— 
Jahresber.  d.  Chem.  1849,  269.) — The  compact  argillaceous  mass  in  which  the  diaspore 
of  Schemnitz  is  imbedded,  consists  of  three  varieties,  one  of  which  (a)  is  agalmatolite, 
while  the  other  two  {b  and  c)  contain  a  mineral  not  previously  observed,  to  which . 
Haidinger  gives  the  name  of  DUInitc^  from  the  locality,  Dillna,  near  Schemnitz, 
where  it  occurs.  The  agalmatolite  (a)  is  translucent,  with  grey  or  greenish  colour, 
fatty  lustre  and  splintery  fracture.  Hardness  «•  2*6  to  3 ;  specific  gravity  «  2736. 
Dilinite  (6),  called  cdlyrite  at  Schenmitz,  has  the  composition  above  stated :  it  is  white, 
opaque  and  dull,  eaithy,  and  adheres  strongly  to  the  tongue.  Hardness,  1*8  to  2. 
Specific  gravity  2-674.  The  variety  c,  called  BUdstein  at  Schemnitz,  is  also  white, 
opaque  and  dull,  but  has  a  fiat  conchoidal  or  uneven  fracture ;  hardness  3*6  and 
specific  gravity  2'835  :  it  is  dilinite  mixed  with  a  hydrate  of  aluminium,  A1^H*0*  or 
A1^0*.4H'0.     The  following  are  the  analyses  of  these  minerals : 


SIO« 

A1*0» 

Ca20 

Mg«o 

Fe20  K«0  and  Na^O  H^O           ToUI. 

49-6 

27-6 

6-6 

0*7 

10          10-2            61       «  990 

23-6 

630 

0-9 

1-8 

trace      trace        2006    «  99*26 

22-4 

66*4 

trace 

0-4 

211      «  100-4 

The  diaspore  is  found  most  abundantly  in  the  second  variety. 

IMnb&v  OXXi  OF.  Oil  of  Celtry,  Oleum  anrtki.  The  volatile  oil  of  Apium  (or 
Anethum)  araveolens.  It  has  a  pale  yellow  colour,  becoming  brownish  by  age,  the  same 
pungent  odour  as  the  seeds,  and  a  sweetish  taste.  Specific  gravity  0*88  to  0*91 ;  of  old  oil, 
act'ording  to  Zeller,  0*96.  Sparingly  soluble  in  water,  easily  in  alcohol  and  ether. 
Boils  at  about  190°  C.    (Haudw.  d.  Chem.  2^  Aufl.  ii  [3]  468.) 

BXBKAOraTZTB.  A  mineral  consuting  mainly  of  ferroso-ferric  oxide,  which 
occurs  in  rhombic  prisms  at  Monroe,  Orange  County,  New  York,  and  is  regarded  by 
Shepard  (Sill,  Am.  J.  [2]  xiii.  892)  as  a  distinct  species.  According  to  Dana, 
however  (Mineralogy^  il  206),  it  is  a  pseudomorph  of  magnetite  after  lievrite. 

BTAPBOSVBOKZC  ACZB.    See  Fhosphobus,  Oxygek-acids  of. 


BZMOSPBZVB.  A  sulphide  of  arsenic  from  the  Solfatara,  Pozzuoli.  It  forms 
minute  trimetric  crystals  of  very  complicated  form,  and  is  regarded  by  Scacchi 
(M-m.  geol.  sulla  Campania,  Napoli,  1849)  as  a  distinct  species.  It  has  not,  how- 
ever, been  analysed,  and  is  perhaps  a  mere  variety  of  orpiment,  which  it  very  much 
resembles. 


BZMOKPBZBMv  and  TRZMOKPBZSIC  Many  substances,  both  simple  and 
compound,  crystallise  in  forms  which  belong  to  two  or  three  different  systems  of  crys- 
tallisation, or  which,  even  if  they  belong  to  the  same  system,  yet  exhibit  such  difference 
in  their  corresponding  angles  as  to  render  it  (^uite  impossible  to  reduce  them  to  the 
same  form:  this  was  first  shown  by  Mitscherbch  in  1823  (Ann.  Ch.  Phys.  [2]  xxiv. 
264).  Such  bodies  are  said  to  be  dimorphous  and  trimorphous.  The  oinerence 
of  crystalline  form  which  they  exhibit  is  associated  with  difference  of  specific  gravity, 
har-lness,  colour,  and  other  properties.  Whether  a  body  shall  crystallise  in  one  system 
or  another  seems  to  depend  chiefiy  on  temperature.  Crystals  formed  at  one  particular 
teniperatur©,  and  then  exposed  to  that  temperature  at  which  crystals  of  a  different  kind 
are  produced,  often  lose  their  transparency,  and,  without  alteration  of  external  form, 
become  changed  into  an  aggregate  of  small  crystals  of  the  latter  kind :  examples  of  this 
alteration  of  structure  are  afforded  by  sulphur,  carbonate  of  calcium,  mercuric  iodide, 
and  many  other  bodies.  Sometimes  the  form  of  the  crystal  varies  according  to  the 
Holvent  from  which  it  separatee ;  thus,  arsenious  anhydride  crystallises  from  water  or 
hydrochloric  »cid  in  regular  octahedrons,  from  alkaline  solutions  in  trimetric  prisms. 


332 


DIMOKFinSM. 


The  most  impdrtAnt  CASes  of  dimofrphism  hitberfo  obsenred,  are  aB  foUoirs ; 

I.  In  d^imenfary  bodies. 

Carfiont  in  the  diamood,  forms  crjstals  Ijeloogiag  to  the  monometric  system  ;  in  ] 
frmphite,  to  tha  hexagonal  Bj-Btem.     If  the  amorphous  varietiofl,  charcoah  anthracite, 
&c»»  are  likewiao  taken  into  accountt  carbon  may  be  regarded  as  trimorphous. 

Amcnic,  antiniont/^  phosphorus,  hismttth^  paliadium,  iridivm,  copper ^  and  probablj  ' 
ir€m^  likewise  czjBtedlise  in  the  monometric  and  hexagonal  syHicma. 

Tin  exhihita  forma  bdonginfr  to  tho  monometric  and  dimctric  Byst^rna. 

Stdphur  CTyBtalliBca  on  cooling  from  a  etato  of  solution  in  sulphide  of  carbon  in 
rhomhic  octahpdrona  belong^ing  to  the  tirmetrip  system,  exactly  hke  those  of  nutiro 
BuJphnr;  if,  on  the  other  hand,  melted  snlpbur  be  allowed  to  eool  slowly  till  a  portion 
of  it  has  become  solid,  and  the  slill  liquid  portion  \^  thi'n  poured  ont»  the  fttdidified 
portion  exhibits  obliqwe  rhombic  priems  l>elonging  t4>  tho  monoclinic  system.  These 
ttPO  at  first  perfectly  tranBparcnt,  of  a  deep  yellow  i^olour,  antl  somewhnt  harder  and 
denser  than  those  of  BUJphur  cnrstalliBcd  in  the  coltl ;  but  after  being  kept  for  a  few 
daya  at  ordinary  tempenitiirca,  tnev  become  opaque,  and  of  a  straw-yellow  colour. 

According  to  Frankenheim  (/.  pr.  Chem.  xvi.  b\  sulphur  assumes  the  form  of  the 
*  oblique  rhombic  prism  when  precipitated  from  solutions,  or  sublimed,  at  temperatures 
near  its  melting  point* 

%  In  Cf^mpftund  bodies,  A  eomponnd  ia  said  to  be  dimorphous,  only  when  tlie  two 
forms  which  it  aaamnea  are  perfectly  identical  in  chemical  eompoaitiou.  Thufl,  a  salt 
which  LTj'BtaUiBea  in  two  forms  is  not  ditnorphona,  if  these  forms  belong  to  different 
hydrates ;  thus  the  two  hydrat^js  of  stilphnte  of  nicke],  tiz.  Ni^SO*  +  6  aq.,  which 
ift  dimetrie,  and  Ki^SO*  +  aq.,  which  is  trimetric,  do  not  afford  an  inat^ince  of 
dimorphism. 

Cuprous  oxide  occurs  in  ordinary  red  copper  ore  in  regular  octahedrons  and  other 
forma  belonging  to  the  monometric  system,  but  in  copper-bloom  it  exhibits  forms  of 
the  trimetric  flvstem* 

Protoxide  o/Uad  crystalligea  after  fusion,  us  well  as  from  a  saturated  golution  in  hot 
concentnited  cauiitic  potash,  in  yellow  rhnmhic  octahedron«.  If^  however,  the  solution 
1!*  not  fully  Batnrated  with  oxide  of  lead,  so  that  cr\'st4illii*:ition  does  not  take  place  till 
after  complete  cooling,  red  crystalline  scales  are  drposiffni  on  the  yellow  rhombic  octa- 
hedrons just  formed :  if  the  red  crystals  are  heaterl,  they  tarn  yellow  ou  cooUiig,  in 
consequence  of  passing  into  the  Erst  form*     (Mitscherlich,  J,  pr.  Chem.  xix*  451.) 

Titanio  oxide ^  TiO^,  occiuth  in  naiture  iti  the  three  forms  of  anatase,  rutile,  andhrookito. 
Anataee  and  rutile  are  both  dimetric,  biJ  their  angles  are  incompatible,  so  that  they 
cannot  be  reduced  to  the  same  primitive  form  ;  moreover,  the  specific  gravity  of  anataso 
is  3'8*26,  that  of  rutile  4'249.    Broob'te  ia  trimetric. 

Arscnious  oxid^,  As*0*,  generally  crystallises  in  regular  octahedrons;  but  Wohlcr 
(Pogg.  Ann.  ixri-  177)  found  it  also  in  the  form  of  native  oxide  of  antimony,  Sb*n' 
(vaJentioite),  which  beloopa  to  the  trimetric  flystera,  Woliler  also  obtained  artiflcjMlly 
crystalliaed  oxide  of  antimony  in  regular  octahedrona.  Conset|uently  As*C>"  and  Sb-O' 
are  iso^dimorphous ;  f.  «.  thcj  Are  t^pable  of  cryatallifiing  In  two  different  forma 
which  are  similar  each  to  each. 

Chtprons  mlphtdf,  Ccu'S,  appears  in  copper-glance  in  ciystals  of  the  trimetric  system  ; 
hut  Mitscherlich  (Popjg.  Ann,  xxriii*  157),  by  melting  together  large  qnantitieii  of 
copper  and  sulphur,  obtained  it  in  reguLir  octahedmns.  These  two  forms  are  similar 
to  those  of  the  ppd  oxide  of  copper. 

Disuiphide  of  iron  occurs  in  nature  as  iron  pyrites  in  crystals  helonpng  to  the 
regular  system,  and  a«  marcaaite,  in  foniis  of  the  ti-imetric  system,  the  latler  being  of 
a  paler  yellow  and  raut^b  8off4»r, 

Mercuric  iodMr  sepurLite^  from  solution,  and  likewise  sublimes  at  a  very  gentle  heat, 
in  scarlet  tables  belon^.ng  to  the  dimetric  «rystem,  but  when  sublimKl  at  a  higher 
temperature,  in  sulphur-yellow  rhombic  tables  of  the  monoclinic  system.  The  red 
crystals  turn  yellow  when  heated,  and  resume  their  red  tint  on  cooling  The  yellow 
crystals  obtained  by  Bublimation  retain  their  colour  when  *N>oled ;  but  on  the  slightest 
rubbing  or  stirring  with  a  pointed  ini*truinent»  the  part  which  is  touched  turns  scarlet, 
and  this  change  of  colnur  ext<*nds,  with  a  alight  motion,  as  if  the  mass  were  alive, 
throughout  the  whole  group  of  crystals  as  far  as  they  adhere  together. 

Carbtmate  of  t:Hxici»m,  Ch'CO',  in  the  form  of  calcspar,  whose  specific  grarity  =2*721, 
Morigs  to  the  rhombohedml ;  in  arnigonite,  whose  specific  gravity  is  2*931,  to  tha 
trimytric  system.  An  explanation  of  this  difference  was  formerly  sought  in  the  fact 
discovered  by  Stromeyer,  viz..  that  arragonite  usually  contains  small  quantities  of 
carbonate  of  stront  iuiii.  The  same  j^culiarity  i«  presented  by  earhonate  of  iron  (i.  369), 
which  in  sparry  iron  ore  (of  3872  s^>erific  gravity )  has  the  form  of  ralcspHn  in  junkerit^* 
{of  3515  specific  gravity)  that  of  arragonite.  Ilenee  Ca=O0*,  and  Fe'CO'  are  isodi* 
morphoUB.  if  a  solution  of  carbonate  of  calcium  in  water  containing  carbonic  acid  be  left 
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to  evaporate  at  the  ordinary  temperature,  nothing  is  obtained  but  calcspar,  in  micro- 
scopical and,  for  the  most  part,  truncated  primitive  rhombohedrons ;  i^  on  the  contrary, 
the  solution  be  evaporated  over  the  water-bath,  arragonite  is  obtained  in  small  six- 
sided  prisma,  mixed  with  a  few  crystahi  of  calcspar,  because  the  temperature  of  the 
solution  is  lower  at  first  than  it  afterwards  becomes,  and  the  specific  gravity  of  the 
liquid  is  not  higher  than  2*803.  When  an  aqueous  solution  of  chloride  of  calcium  is 
mixed  at  ordinary  temperatures  with  an  aqueous  solution  of  carbonate  of  ammonium,  a 
voluminous  fioceulent  precipitate  of  chalky  (amorphous  ?)  carbonate  of  calcium  is  first 
produced,  which,  if  unmediately  collected  on  a  filter,  washed  and  dried,  remains  im- 
altered,  possessing  a  specific  gravity  of  2716,  and  appearing  under  the  microscope  to 
consist  of  small  opaque  granules ;  but  if  this  same  precipitate  be  left  for  some  time  in 
the  saline  liquid  from  which  it  has  been  precipitated,  it  collects  into  microscopical 
ciystals  of  calcspar,  of  specific  ^vity  2*719.  If  the  same  saline  solutions  be  mixed 
boiling,  the  carbonate  of  ammonium  being  added  to  the  chloride  of  calcium,  arragonite 
is  obtained,  mixed  with  a  small  portion  of  calcspar.  I^  on  the  contrary,  the  chloride 
of  calcium  be  added  to  the  carbonate  of  ammonium,  arragonite  is  obtained  alone,  in  ex- 
ceedingly small  crystals  of  specific  gravity  2*949.  If,  however,  these  ciystals  are  not 
immediately  collected  on  a  filter,  washed,  and  dried,  but  allowed  to  remain  in  the 
liquid,  they  gradually  change  after  the  liquid  has  cooled,  and  in  about  a  week  are  com- 
pletely converted  into  calcspar ;  in  pure  water  this  transformation  goes  on  much  more 
slowly.  When  carbonate  of  calcium  is  fused  under  strong  pressure,  it  invariably 
crystallises  on  cooling  in  the  form  of  calcspar.  A  tolerably  l^ge  crystal  of  arragonite 
falls  to  pieces  at  a  low  red  heat  without  losmg  weight,  and  forms  a  white,  opaque,  coarse 
powder,  having  a  specific  gravity  of  onlv  2*706.  Hence  it  follows  that  carbonate  of 
calcium  crystaBises  at  about  100^  C.  in  the  form  of  arragonite,  but  at  a  lower  tempe- 
rature, or  at  a  red  heat,  in  the  form  of  calcspar.  The  arragonite  which  occurs  in  the 
carems  of  volcanic  districts  must  have  been  formed  by  infiltration  while  the  mass  was 
yet  warm.     (H.  Hose,  Pogg.  Ann.  xlvii  363.) 

Nitrate  of  potassium  usually  crystallises  in  prisms  of  the  form  of  arragonite :  but  if 
a  drop  of  the  aqueous  solution  of  this  salt  be  left  to  evaporate  on  a  glass  plate  and  the 
crystallisation  observed  under  the  microscope,  it  will  be  found  that,  side  by  side  with 
the  prismatic  crj'stals  at  the  edges  of  the  drop,  a  number  of  obtuse  rhombohedrons  of 
the  calcspar  form  are  produced,  just  like  those  in  which  nitrate  of  sodium  crystallises.  As 
the  two  kinds  of  crystals  increase  in  size  and  approach  one  another,  the  rhombohedrons 
become  rounded  off^  and  dissolve,  because  they  are  more  easily  soluble  than  the  others, 
while  the  arragonite-shaped  prisms  go  on  increasing  in  size.  When  the  two  kinds  of 
crystals  come  into  immeoiate  contact,  the  rhombohedral  ones  instantly  become  turbid, 
arquire  an  uneven  surface,  and  after  a  short  time  throw  out  prisms  from  all  parts  of 
their  surfaces.  Contact  with  foreign  bodies  also  brings  about  the  transformation  of 
the  rhombohedrons  while  they  are  wet  If  the  drops  are  so  shallow  that  the  liquid 
dries  round  the  rhombohedrons  before  they  are  disturbed,  they  will  remain  for  weeks 
without  disintegrating,  and  bear  gentle  pressure  with  foreign  bodies  without  alteration  ; 
but  stronger  pressure,  or  scratching,  or  the  mere  contact  of  a  prismatic  crystal  of  salt- 
petre, causes  them  to  change,  a  delicate  film  proceeding,  as  it  were,  from  the  point  of 
contact  and  spreading  itself  over  their  surfaces ;  they  then  behave  towards  foreign 
bodies  like  a  heap  of  fine  dust,  but  retain  their  transparency.  The  rhombohedrons  are 
also  transformed,  without  alteration  of  external  appearance,  when  heated  considerably 
above  100°  C. :  they  then  become  much  harder,  because  the  fine  powder  first  produced 
bakes  together  into  prismatic  crystals.  A  hot  solution  of  saltpetre  yields,  when  slightly 
cooled,  nothing  but  prismatic  crystals;  but  at  10<^C.  prismatic  and  rhombohedral 
crystals  appear  together ;  if  alcohol  be  ailded,  the  latter  are  formed  most  abundantly ; 
the  addition  of  potash,  nitric  acid,  or  nitrate  of  sodium,  produces  no  alteration. 
(Frankenheim,  Pogg.  Ann.  xl.  447;  also  J.  pr.  Chem.  xvi.  1.) 

Saf-ammoniac^  which  commonly  crystallises  in  regular  octahedrons,  appears  at  higher 
temperatures  to  assume  forms  belonging  to  the  trimetric  system.  (Frankenheim, 
J.  pr.  Chem.  xvi.  3.) 

Iodide  of  potassium^  which  usually  crystallises  in  cubes,  likewise  forms  square  prisms, 
with  truncated  summits,  which  cannot  be  regarded  as  cubo-octahedrons,  because  their 
octahedral  faces  are  not  equally  inclined  to  all  the  adjacent  prismatic  faces;  P  :  oP  ■« 
120O;  P  :  ooP  -  about  160.     (Kane,  PhiL  Mag.  [3]  xvi.  222.) 

Ckromate  of  Uad  occurs  in  red  lead  spar  in  the  form  of  monodinic  prisms ;  but  in 
chromate  of  lead  from  the  Bannat,  the  same  substance  presents  forms  belonging  to  the 
dimetric  system,  having  the  same  angles  as  molybdate  of  lead.  (Johnston,  Phil. 
Mag.  [3]  xii.  387.) 

Sulphate  ofnickely  Ni«SO^  +  7  aq.,  crystallises  (a)  below  16°  C.  in  trimetric  prisms, 
(h)  between  Ifio  and  20°  C.  (69°  and  68°  Fahr.J  in  acute  dimetric  octahedrons,  and  (<?) 
•bore  80^  C.  (86^  Fahr.)  in  monodinic  prisms ;  it  is  therefore  trimorphou9.    The  right 
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rhomljic  priama  {a)  when  exposed  to  sxmHght  for  a  few  days,  neltlier  liquefy  nor  lose 
their  form  or  Wrtlcr  of  ciyaftulHatttion,  but  vrheii  broke^a  are  found  to  be  nittde  op  of 
flquure-based  octftbedrouSi  oftnii  sercral  linefl  in  length. 

The  following  soltS}  isomorphous  witli  sulpliote  of  nickel,  haT6  hithc*rto  been  obtained 
in  only  two  out  of  the  three  forms  jnst  mentioned.  Sulphate  ofjriiic,  Zn'SO*  -^  7  aq., 
cr}st  til  Uses  below  52°  C.  in  form  a;  below  62^0,^  as  obserred  by  Haidinger  in  le^s 
tninspuront  crystals,  like  r ;  if  a  crystul  a  be  heated  in  oil  or  in  a  gloss  tube  above  62''  C, 
it  becomes  uoft  ut  certain  pointa  without  lomng  water,  excepting  any  that  may  be  ad- 
hering to  it  mecbaniculiy,  and  from  these  pointa  bundles  of  milk-whito  crystals  c  shoot 
out  towards  the  inside  of  the  transparent  crystal,  mi  til  the  whole  i»  complett^ly  trans- 
fbrmed.  If  the  crystals  obtained  above  52^  C.  be  slowly  cooled  after  drying,  they  remain 
tolerably  clear ;  but  when  cooled  quickly  before  drying,  they  become  opaque,  and  when 
broken  are  often  found  to  cousist  of  an  aggrc^te  of  cryatals  a^  the^e  haying  been  jir^t 
formed  in  the  adhering  mother-liquid,  and  subflequently  extended  through  the  crystals 
already  formed.  Sulphate  of  magnesium,  Mg^SO*  +  7  aq.,  like  sulphate  of  zinc,  yields 
trimetric  prisms  a  below  62*^,  and  monoclinic  prisms  c  ti^K>ve  52^  ;  and  the  crystal*  a 
when  heated  abor©  62^  are  immediately  conTorted  into  an  opaque  aggregate  of  cry?jtulf4 
c,  which  proceed  from  the  surface  of  the  crystals  and  meet  in  tJae  middle,  Seienatt'  of 
rinc^  Zn^iStO*  +  7  aq*»  cryatalliaes  at  a  lower  temperature  like  o^  at  a  higher  lempe- 
r.iture  like  b,  and  the  crystals  a  undergo  an  alteration  of  intemid  structure  when  ex- 
posed to  sunshine.     (Mitscherlich,  Fogg.  Ann.  vL  19,  and  xii.  144,) 

Add  phctspkiite  of  aod turn,  Hi aB.^PO*  +  aq.  crystalliaea  in  two  series  of  forms,  both  of 
which  belong  to  the  trimetric  system,  but  have  incompatible  angles*  (Mitschoclick) 

DZVXTB.  A  fossil  resin  found  in  the  lignite  of  Lunigiana  in  Tuscany.  CleaTjige, 
none.  Haa  the  appearance  of  ice,  with  a  yellow  tinge.  Inodorous  and  tasteles«s. 
Fragile  and  easily  reduced  to  powder.  IiiMolub!©  in  water,  sparingly  soluble  in 
alooholf  very  soluble  in  ether  and  iti  salphide  of  carbon.  The  ethereal  H<jlntion, 
on  standing,  deposits  large  crystals  of  the  resin.  It  melts  wilh  the  wamith  of  the 
hand.     Heated  in  a  close  vessel^  it  distils  over  without  perceptible  defomposilion* 

XlIiriTKA.»IllfOHTX,  and  I»XBR0«01tXTBACSTQirZTRZZiB.  See 
TrinfiTriACFTo^n'RU^E. 

BXarrmOBTBTl^XC  and  HHmmanSBTSTS^IC  ACIBS.  SeeNrrjioua 
Etiieks. 

UXOFSXSS.  A  v^iriety  of  augite  M"SiO*,  containing  calcium  and  magoesiumf 
with  IttU*'  or  no  iron.  The  cn,'j^tiiis  apf>ear  n^ctunpilar  in  the  basal  section  from  pre* 
dominance  of  the  faces  oiPoo  and  [  oePoo  ],  and  are  acuminated  at  the  ends  with  the 
faces  +P,  —  P,  -2P,  and  several  others,  the  pjTamids  being  also  frequently  tran- 
cutefl  by  oP.  Inclination  of  ooP  :  ocP  -»  87°  6' ;  +  P  :  4-  P  in  the  elinodiagonal 
principal  section  ^  131<^  29'j  '-P :  -P  =  1211°  39';  —  2P:  -2P-*96«^  36'.  Cleavjige 
diBtinct  parallel  to  ooP ;  less  <listintit  parallel  to  oePeo  and  [  ooPao  |,  The  crystMls 
are  implanted^  or  less  frequently  imbedded^  and  often  distorted  into  fiisiform,  scaly,  or 
granular  aggregations.  The  granulajr  %'ariety,  if  coarse  and  somewhat  fHable,  is 
called  whjt4;  coccoliti.  Specific  gravity  s=  3*2  to  2*3.  Hardness  =  5-5  to  6  0*  Colmir, 
gtfnenilly  light  green  or  grey;  white,  if  quite  fHe  from  iron.  Lustre,  vitreous  on  the 
crj'stalline  faces,  nacreous  on  the  cleavage  faces.  Transparent  or  trans^lucent  in  Tarious 
d^reeSy  sometimes  on  the  e<]ges  only;  the  more  transparent  sorts  an;  sometimes  cut 
lor  gems.  Before  the  blowpipe^  diopside  melts  to  a  whlliah  or  grey  glass.  It  is 
insoluble  in  acids. 

Analt/ses. — a.  Prom  Tammare,  Finland  {Bonadorff,  Schw*  JT.  xzzi  168). — b.  From 
Brazil  (K u «  » i n ,  I^am  mrUbfT^s  Minerakhemie^  p.  452 ). —  e.  Frcnn  the  Zillerthal  ( W  a  c » 
lenroder,  Kaj«tn.  Arch.  xiii.  84). —  d.  From  Keichenstein,  in  Sileiiia;  partly  asbesti- 
form  (R.  Richter,  Pogg.  Ann,  Ixxxiv.  383).  —  e.  From  Pargas  in  Finland r  large 
grey- green  crystals  (Arppe,  Anal,  of,  Finsk,  min.  p.  22}.- — /,  ^.  From  Schwarzen- 
Btein  in  the  Tyrol  (T.  a  Hunt»  Phil.  Mag.  [4]  rii  fiOl).— ^.  From  the  Saassgrut 
between  tho  Rimfischliom  and  the  Strahlhorn;  white,  translucent.  (Brunuer, 
Jahrb.   MiiL  1855,  p.  186.) 
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A  tmnspiirent  colourless  Tariety  of  diopside  called  alalite,  found  at  Ala  in  Piedmont, 
is  cot  for  gems.  MassUe  is  a  yarietj  from  Massa  in  Piedmont  of  greyish-green  colour, 
with  lamellffi  parallel  to  the  base,  and  sometimes  contorted.  These  two  varieties 
contain  very  little  iron. 

Diopside  has  also  been  found  as  a  furnace-slag  (Hausmann,  J.  pr.  Chcm.  It!  186), 
and  is  produced  artificially  by  passing  Tapour  of  chloride  of  silicon  over  a  mixture  of 
lime  and  magnesia  at  a  red  heat.    (Daubr^e,  Compt.  rend,  xxxix.  163.) 

BZOVTiLSB.    Emerald  Copper,  Emerald  Malachite^  SmaragdochalciUt  AchiriU, 


Cu"SiO*  +  H«0  or  (Cu«H«)SiO\— This  mineral  crystallises 
in  rhombohednd  combinations  derived  from  a  primary  form 
R,  for  which  the  length  of  the  principal  axis  is  0*6295,  and 
the  angle  R  :  B  in  the  terminal  edges  « 126°  17*.  Ordinary 
combination  -2R.  ooP2  (fig.  369);  —  2R:  --2R  in  the 
terminal  edges  a96°  48'.  Cleavage  very  distinct  parallel 
to  R.  It  occurs  in  single  crystals  and  implanted  in  geodes. 
Specific  gravity  »  3*278  —  3*348.  Hardness  »6.  Colour 
emerakl-green.  Streak  green.  Lustre  vitreous.  Trans- 
parent to  sub-translucent  Fracture  concho'idal,  uneven, 
brittle.  When  heated  in  a  tube,  it  gives  off  water  and 
turns  black.  Infusible  before  the  blowpipe ;  turns  black  in  the 
outer,  red  in  the  inner  flame.  Qives  with  phosphorus-salt  a 
skeleton  of  silica  and  the  reactions  of  copper ;  and  with  soda 
a  button  of  copper.  Dissolves  in  hy<m)chloric  acid,  with 
separation  of  gelatinous  silica. 

Analyses,— a^  b,  D amour  (Ann.  Ch.  Phys.  [3]  x.  485);  — 
Cf  d,  Hess  (Pogg.  Ann.  xvi.  360). 

Fe«0    Fe<0>    CaaCO^    Al^O*     Ca«0    Mgao 


Fig,  369. 
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Dioptase  occurs  at  Altyn  Tub^,  Berghes-Karkalinsk,  and  Oni  in  Siberia,  and  in  the 
Duchy  of  Nassau  between  Oberlaiinstein  and  Bruubach. 

Ghreenstone,    containing    soda-  instead    of   potash-felspar.      (See 


Obeenstonb.) 


A  genus  of  plants  of  the  Smilaceous  order,  the  tubers  of  which, 
called  yams,  are  veiy  rich  in  starch,  and  are  much  used  as  food  in  the  West  Indies  and 
other  tropical  countries.  In  a  root  of  Dioscorea  alata  from  the  Antilles  weighing  eleven 
kflogrammes.  Pay  en  (Compt  rend.  xxv.  182)  found  79*6  per  cent  water,  and 


Non-azotised  substance 
Azotised  substance  . 
Mineral  constituents 


In  th« 

middle. 

86*0 

9-6 

6-6 


At  th«  end 
or  the  root. 

74-6 

16*4 
90 


The  tubers  of  2>.  hulbi/era  were  found  to  contain  10*6  per  cent  starch  (Pharm.  J. 
Trans,  vi.  23).  The  tubers  of  D,  Batatas  (the  Chinese  yam,  Igname  de  Chine),  grown  in 
the  neighbourhood  of  Paris,  have  been  analysed  by  Fr^my  (Compt  rend.  xL  128); 
the  same  from  Algeria,  by  Boussingault  and  by  Payen;  the  same  grown  in  the 
Botanic  Garden  at  Bonn  by  Grouven  (Chem.  CcntralbL  1867,  p.  686).  The  tubers, 
after  drying  over  the  water-bath,  yield  by  trituration,  a  powder  which  may  be  kneaded 
with  water  to  a  dough,  like  wheat-flower.    The  fresh  tuben  yield  in  100  parts: 


Fr^my. 
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gault. 

Starch      .... 
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.       1*5 
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The  albuminous  substance  does  not  coagulate  till  after  long  continued  boiling 
fFremy).  Suersen  (Scheerer^s  Joum.  [1802]  viii.  600),  found  in  the  tubers  <n 
iNoscorva  saiiva,  23  per  cent  starch,  68  woody  fibre,  gum,  i&c. 
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Cape  of  Good  Hope,  coutaia  about  07  per  cent,  of  voIatDe  oil,  212  gum,  and  2*15 
refiin.  According  to  Brandt's  (Arch.  Pharm.  xxii.  242)  they  also  contain  a  bitter 
principle,  dwjrmin,  wbich  i»  jellowiflh-broim,  bitter,  and  Bolable  m  water. 


3>ii>: 


Syn.  with  Lakarkril 


XIZPBA9XTB*  A  Toiiety  of  naargarite,  ooeuiring  in  tlie  emerald  mines  of  th^ 
Untlt  togetlior  with  cbrysoberyl  and  phenocito,  in  hexagonal  prisma  witb  perfect  basal 
cleavage.  Specific  graTity  =  3  04  —  3*97.  Hardness  =  6  —  55.  Colour,  white  to 
bluish.  Before  the  blowpipe  it  bewnnea  n^paque,  and  fuses  with  iDtumeiscenee  m  the 
inner  flame  to  a  white  enamel.  With  a  little  aoda  it  forma  a  blebby  glaaa,  Containjj, 
aecarding  to  Jewreiiiow*«  analyMia,  34  02  per  cent  SiO*,  4333  A1*0',  1311  Ca^O,  3  02 
Fe'O,  106  Mn^  and  5  34  water  =  0OS7,  whence  approiimately  the  formula 
(M»O.SiO').(2Al*0".SiO^)  +  H*0  or  ldaPSiO\aPRO\  (Nordonskiold,  Paterab. 
Acad,  Bull,  V.  17;  BamtneUk  Minerdch,  p.  843.) 

]>IFBK1TXV.  C*HW  or  C''H'*N*.  (Lan rent  and  Gerb  ardt,  Compt,  chim. 
1H49,  417.)  Biuitraiobenxene  (i*  47S)  is  boikd  with  alcohol  and  sulphide  of 
ammonium  till  most  of  the  alcohol  is  driven  off ;  the  liquid  is  dDuted  with  water, 
mixed  with  a  alight  excess  of  hydrochloric  acid,  filter^  hot,  and  precipitated  by 
ammonia ;  and  the  cryfttalline  precipitate  is  purified,  either  by  recryBtAliisatioa  from 
ether,  or  lay  conTertinR  it  into  sulphate,  which  is  washed  with  cold  water  and  alcohol, 
diasolTod  in  boHing  dilute  hydrochloric  acid,  and  precipitated  by  amoionia.  Biphenin 
is  &  yellow  crystalline  body,  disaoliHinf*  with  red  colour,  in  hydrochloric  or  nitric  acid; 
the  former  solution  givea  with  dichJoride  of  platinum  a  dark  carmine  precipitate  of 
1*C*H*N^     Tht  EulphaU  is  insoluble  in  


chforop/afirtatf,  PlCl*C*H*; 


I  in  water» 


P.  T.  C. 


Syn.  with  Alstonith  (i,  149). 
SZTKOr^iii     Latrohite,     A  rariety  of  AjcoETmr*  (i.  308), 

SXPPm'S  OZ^  PuHjUd  Barfs-hom  ml^  or  Animal  <«7,  Oleum  animate  Ik'ppelii, 
OL  cornu  crrt'i  nctijieafum.  An  oil  originally  prepared  aa  a  medicine  by  Dippel,  an 
apotheear)'  of  the  seventeenth  century,  from  crude  fetid  animal  oil  {OL  cornu  ctrvi 
/atfdnm)  by  subditting  it  to  repeated  rertifieation  prr  se,  till  it  no  longer  left 
any  black  renidue.  The  oil  thus  obtained  is  colourless,  highly  refractive,  baa  a  not 
unpleasant  odour»  somewhat  like  that  of  cinnamon,  and  a  burning  taste^  with  sweet ish 
ailer-taste,  like  a  mixture  of  pepper  and  cinnamon :  its  specific  grarity  is  0'8S£.  When 
kept  for  some  time  it  turns  yellow,  especially  if  exposed  to  light. 

Animal  oil  is  now  more  generally  purified  by  rectifying  it  with  addition  of  sand^ 
lime,  or  water.  That  which  is  rectified  with  water  is  very  mobile,  has  a  very  pungent 
diaupweable  odour,  a  nauseous  burning  taste,  and  a  specific  gravitj  of  about  075. 

I^early  all  the  animal  oil  of  commerce  is  now  obtained  by  the  deatmctiTe  distillatioa 
of  bones,  in  fact  as  a  by-product  in  the  preparation  of  bone-black. 

The  composition  of  animal  oil  varies  greatly  according  to  the  mode  of  prepantion ; 
but  in  all  cases  it  consista  of  a  basic  and  n  on -basic  portion,  the  former  being  a 
mixture  of  numerous  volatile  bases^  including  ammonia  and  pyrrol,  and  the  latter 
consisting  mainly  of  benzene  and  its  homologues.     (See  Bonb-oil,  i*  625^) 

SIPT^IL  Schmehstein,  Levcolithe  de  Mauleon,  A  silicate  found  with  talc  and 
chlorite  in  an  unctuous  argillite  near  Maul^oa  in  the  lower  Pyreneeis,  crystallised  in 
four-sidinl  prisms,  with  rounded  ends,  apparently  dimetric  hke  scApohte,  with  lateral 
and  diagonal  cleavage.  Specific  gravity  =  2  046.  H:inl  enough  to  scratch  glass. 
Colour  whitish  or  reddish,  lustre  ^-itreoua.  Transparent  to  translucent ;  opat^ue  when 
weathered.  Before  the  blowpipe  it  becomes  opaque  and  melts  with  intumescence  to  a 
white  hlebby  ^^kaa.  Melts  easily  with  phosphorus  salt,  excepting  a  skeleton  of  silica. 
Forms  a  limpid  ^laaa  with  sodL  Attacked  with  difficulty  by  the  strongest  acidic 
even  when  pulverised.  According  to  tin  analvsis  by  Del  esse  (Compt.  rend.  XTiii,  ^1*4, 
1844).  it  containa  6fi  5per  cent.  BiO^  24  8  A1*0*,  90  CaK>,  94  Na'O,  0'7  K^O,  whence 
approximately  the  formula  4(2Itt*0.3SiO»)  +  3(2Al*0'*3SiO*). 

ZlzaA.CRI>n«     See  DiSACBix. 

XllSACK'TXk.  (Red ton bac her,  Ann.  Ch.  Pharm,  xlvii.  1 14.)  Acrolein  wbeo 
kept  foriioine  time,  e7en  in  doae  TCBsels,  changes,  sometimes  into  a  flecculeut  substance 
called  dimcrt/l  or  dimctmif',  sometimes  into  a  remnous  matter,  dUacrt/l  resin, 

Bisacryl  is  a  whitt\  nmorphoua,  taateless^  inodorous  powder,  which  becomes  strongly 
electrical  by  friction.  It  is  insoluble  in  water,  acids,  alkalis,  sulphide  of  carbon, 
and  oils,  either  fat  or  vobitili^  It  dissolves  slowly  in  melted  potiiish,  and  is  precipitated 
by  adds  from  the  solution  of  the  product.    It  gives  by  analyaia  Gl  2  per  cenU  carbon, 
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and  7*43  hydrogen,  whence  Bedtenbachor  deduces  the  formula  C*H*0'  (carbon  60*6, 
hydrogen  7*1).     It  is  perhaps  isomeric  with  acrolein. 

Disacryl-rcsin  is  a  white  powder  which  melts  at  1 00°  C,  and  forms  on  cooling  a 
diaphanous  brittle  mass.  It  is  insoluble  in  water,  but  soluble  in  alcohol  and  in  ether ; 
the  alcoholic  solution  reddens  litmus  and  is  precipitated  by  water.  It  dissolves  in 
aqueous  alkalis  and  is  precipitated  by  acids.  The  alcoholic  solution  precipitates  the 
salts  of  copper,  lead,  and  other  metals.  The  resin  gives  by  analysis  66'6  C  and  74  II, 
whence  Redtenbacher  deduces  the  formula  C"»H'*0^  (Carbon  66*3,  hydrogen  7*2.) 

BI8CSA8ZTB.     Syn.  with  Antjmonial  Silveb  (L  317). 

BISOlCOSa.    Syn.  with  Nickel-glance. 

BI8TBSSZTB.    See  Clintonite  (i.  1026). 

BI8TBBVB.     See  Etanitb. 

BXSZirrSCTAXrTS.  See  Uri^s  Dictionary  of  Arts,  Manufactures,  and  Mines 
(il  27). 

BISTZZfXiATZOir  is  the  conversion  of  a  substance  into  vapour,  and  the  conden- 
sation of  the  vapour  in  another  part  of  the  apparatus  by  cooling,  the  object  of  the 
operation  being  generally  to  separate  an  easily  vaporised  body  from  one  which  is  less 
volatile.  It  is  called  especially  distillation,  when  the  vapour  condenses  into  a  liquid, 
and  sublimation  when  it  condenses  into  a  solid.  In  either  case  the  body  to  be  vapo- 
rised is  enclosed  in  an  alembic  flusk,  retort,  or  still,  and  the  vapour  is  conducted 
through  a  tube  or  series  of  tubes  kept  cool  into  a  receiver.  In  distillation  on  the 
lar^  scale,  the  conducting  tube  is  in  the  form  of  a  worm  enclosed  in  a  tub,  tlirough 
which  cold  water  is  constantly  flowing.  For  laboratory  experiments,  sufl&cient  cooling 
power  may  sometimes  be  obtained  by  simply  immersing  the  receiver  in  cold  water,  or 
by  directing  a  stream  of  cold  water  on  the  neck  of  the  retort,  surrounded  for  the  pur- 
pose with  bibulous  paper.  To  obtain  greater  cooling  power,  Liebig's  condenser  is 
used,  which  consists  of  a  glass  tube  enclosed  within  a  metal  cylinder,  through  which 
cold  water  is  continually  flowing  in  a  direction  contrary  to  that  of  the  vapour.  For 
details  and  figures  of  apparatus,  see  Ur^a  Dictionary  of  Arts,  Manufactures,  and 
Mines  (ii.  36). 

BI8TZXiXiATZOir«  BXT  or  BBSTRVCTZVB.  These  terms  are  applied  to 
the  decomposition  which  organic  substances  undergo  when  heated  out  of  contact  with 
the  air,  or  at  all  events,  in  such  a  manner  that  the  constituents  of  the  air  take  no  part 
in  the  reaction.  Some  organic  compounds  boil  at  so  low  a  temperature  that,  when 
heated  in  a  retort,  they  pass  over  unchanged,  especially  if  the  air  be  excluded ;  e,  g., 
alcohol,  ether,  volatile  oils ;  others,  on  the  contrary,  which  would  not  boil  till  raised 
to  a  higher  of  degree  of  heat,  undergo  decomposition  before  they  attain  the  boiling 
temperature. 

Compounds  whose  boiling  points  are  not  much  above  the  temperatures  at  which 
their  decomposition  begins,  pass  over  to  a  certain  extent  undecomposed ;  because  the 
vapours  and  gases  produced  by  the  decomposition  of  the  one  part,  take  up  the  other 
part  of  the  compound  below  the  boiling  temperature  in  the  form  of  vapour,  just  as 
water  evaporates  in  the  air  considerably  below  its  boiling  point.  Thus,  oxalic  acid, 
margaric  acid,  and  other  fatty  acids,  also  pinic  acid,  and  certain  other  resins,  indigo- 
blue,  &c.,  undergo  but  partial  decomposition.  Such  compounds  may  therefore  be 
volatilised  without  decomposition,  if  they  are  heated  in  open  vessels  to  a  temperature 
somewhat  below  that  at  which  they  decompose ;  or  in  a  wide  distillatory  apparatus 
filled  with  air :  or  in  a  tube  or  a  conical  enlargement  of  it,  through  which  is  passed  a 
stream  of  air — or  if  the  air  exerts  an  oxidising  action — of  hydrogen,  nitrogen,  or  car- 
bonic add  gas ;  also  when  carefully  heated  in  vacuo. 

A  contrary  action  is  exerted  by  sand,  brickdust,  &c.,  mixed  in  large  quantities  with 
the  organic  compound,  even  if  the  boiling  point  of  that  compound  be  below  the  tem- 
perature at  which  it  decomposes  :  for  the  bubbles  of  vapour  are  mechanically  retained 
by  the  pulverulent  mixture,  and  raised  by  the  heat  which  penetrates  the  containing 
vessel,  to  the  degree  at  which  their  decomposition  takes  place.  Alcohol  is  partially 
decomposed  by  3iis  treatment,  and  benzoic  acid  almost  completely. 

The  apparatus  used  for  destructive  distillation  consists  of  retorts  of  glass,  earthen- 
ware, or  metal,  according  to  the  temperature  required,  filled  with  good-sized  exit-tubes, 
and  communicating  with  well-cooled  receivers  of  considerable  capacity.  For  operating 
on  fonall  quantities  of  substances,  Greville  Williams,  who  has  worked  extensively  on 
the  su)>ject,  uses  a  small  still  made  from  a  glue-pot,  and  having  a  copper  head  fitted  to 
it  The  luting  for  all  temperatures  not  exceeding  700°  F.  may  be  a  mixture  of  J 
linseed  and  \  almond  meal,  made  into  a  mass  of  the  consistence  of  putty.  For  quan- 
tities of  material  not  exceeding  15  or  20  lbs.,  a  stout  semi-cylindrical  cast-iron  pot  m^ 
be  used,  having  abroad  flange  round  the  edge  and  a  cover  fitting  it  like  a  saucepan-lid. 
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For  ojMsrationa  on  the  mauufactunng  scale,  large  retorts  of  east  iron  or  fire-day  ore 
employed,  na  in  giis -works*  (See  Urex  Dictionary  o/ArU,  Manufactur€B,  and  Min^s, 
ii.  44.) 

Voliitile  organic  oompotmds  are  decompoaed  by  pajisitig  thom  through  a  red-hot  tube, 
Ufiuaily  fiUod  with  fragments  of  ghiss  or  pnmiee,  to  increoao  the  beating  surface. 

Th«  CAUSOS  of  decomposition  by  heat  arc  bm  folio wa  ;—T}io  affinity  of  the  oxygen  for 
the  hydrogen  and  the  carbon,  tending  to  form  water,  cJirhonic  oxide  and  carbonic  anhv- 
drido^  is  greater  than  that  by  whicli  the  dementi  in  tho  organic  componnd  are  held 
together.  These  strong  afHiiitiea  are  brought  into  acf  ion  by  heat.  Hence  those  cnm- 
poiinde  which  contain  most  oxygen  dccom[)O30  at  much  lower  temperatnreiS  than  thooe 
which  contain  little  or  none.  To  this  rule,  however,  there  are  many  exceptions ; 
Acetic  aeitl,  C-H^O%  ia  a  body  rich  in  oxygen ;  but  ita  Tapour  ia  but  little  altcrrd  iji 
composition  by  passing  through  a  tubo  jit  a  low  red  heat ;  acetate  and  cyanate  of  potas- 
siom  a\»(\  are  not  decomposed  when  heatod  to  low  redness  out  of  contact  with  air. 

In  compounds  containing  nitrogen^  the  affinity  of  that  tdement  for  hydrogen  like- 
wit>o  assists  the  decomposition.  Tho  ammonia  which  ia  then  abundantly  fonned,  doe,q 
npt»  however,  pa.<«  over  in  the  free  stfvte,  bnt  in  combination  with  an  acid*  na  with 
carbonic,  acetic  acidj,  &c. 

If  tho  compound  contains  chlorine,  bromine,  iodine,  or  sulphur,  these  dementi,  if 
they  do  not  Bepuraf4^  iti  the  froe  stilted,  or  enter  into  volatile  organie  compoujids,  are 
given  off  in  comhintition  witti  hydrogen,  in  the  form  of  hydrochloric,  hydrobromic,  hy- 
driodic,  or  aulphydric  acid.  Part  of  the  Bulphur  and  chlorine  may  also  be  evolved  in 
the  fonn  of  aulpbide  or  chloride  of  carbon, 

At  high  tomperaturcSt  morcoTcr,  decomposition  is  facilitated  by  tho  great  tendency 
of  certain  elements  to  ossmno  the  gaseoua  form  ;  hence  part  of  the  hydrogeii  and  nitro' 
gen  are  gircn  oif  in  the  atate  of  gaa,  tho  quantity  thus  evolved  incnuifliiig  with  the 
temperature ;  for  even  the  hydrocarbons  formed  at  a  moderate  heat  may  be  resolved  at 
higher  temperatures  into  hydrogen  gaa  and  sooty  carbon.  The  heat  may  also  induce 
a  aisposition  to  the  formation  of  volatile  organic  compounds,  which,  when  once  pro- 
duced, pass  ovfvr,  and  are  thus  withdni  wn  from  the  decomposing  action  of  a  stronger  heat. 

By  the  formation  of  the  inorganic  compounds  above  mentioned,  and  by  the  escape  of 
hydrogen  and  nitrogen  ga»,  the  ot^anic  compoiind  (unless  it  be  one  of  the  more  highly 
oxygenifted  acidF,  such  as  oxalic  or  formic  acid)  loses  oxygen  in  the  greatest  rrmHtv 
quantity,  hvdrogen  and  nitrogen  in  smaller  quantity,  whuo  tha  residue  b«C(»me«  con- 
tinual ly  richer  in  carbon. 

Hence  those  volatile  organic  compounds  which  are  richeat  in  oxygen,  lucb  aa  acids 
and  alcohohc  liquids,  pass  over  principally  at  tlio  beginning  of  the  dutillatioo.  Among 
acida,  the  most  frequent  is  acetic  acid.  It  is  formed  in  especial  abundance  in  the  dis- 
tillation of  compounds,  such  as  sugar,  gum,  or  wood,  which  contain  oxygen  and  hydro- 
gen in  about  the  proportion  to  form  water,  so  that  it  only  requirw  the  addition  of  a 
certain  number  of  carbon-atoms  to  form  acetic  acid,  C^H*0-,  which,  being  volatile,  is 
withdrawn  fmm  the  further  decomposing  action  of  the  heat.  Many  organic  compounds 
yield  other  acids,  which  in  some  cases  are  quite  peculiar  to  them  {vid,  in/.).  The 
alcokiJt>  iiquids  preduced  in  the  dry  distillation  of  a  few  oi^ganic  compounds  are,  wood- 
spirit,  lignone,  nldeliyde,  and  acetone. 

But  a*  tho  distillation  proceeds,  compounds  containing  little  or  no  oxygen  appear  in 
continually  greater  abiindantre,  visr. :  1.  Gofe&us  hifdrocarhon*^  snch  as  ma»h-gaa» 
CH*,  olefiiiut  gas  or  ethylene,  C^H*,  and  tetrylene,  C*H"»  The  last  two  hydit>carbons 
are  evolved  cJiiiefly  from  compounds  containing  but  little  oxygen,  snch  as  fats  and 
resins;  the  gr(ah>r  tlieir  pro[>ortion  in  tbe gaseous  mixture,  the  more  IttiHiant  is  its 
flume  and  the  Wtter  is  it  adaptefl  for  illumination.  — 2.  Volatile  oils  generally  having 
an  offensive  odour,  and  designated,  from  their  mode  of  formation,  emptfrtnnuttu:  oitt^ 
They  are  sometimes  pure,  sometimes  slightly  oxidised  hydrocarbons.  To  ^is  dasa  of 
products  belong  the  two  empyreumatio  oils  which  Faraday  obtained  from  fat;  also 
enpione,  creosote,  picamar,  andcapnomor,  obtained  by  Retchenbadi;  pyrrol,  byRunge, 
and  aevoral  oils  obtained!  from  resins  by  FrAmy,  Couerbe,  Laurent^  and  others ;  &c  &e. 
—  3.  Camphoroidal  componnis,  whicb  may  be  called  vmp^n^mtxiic  camplktr*  or 
9tear0ptmrs;  they  consist  whoUy  of  carbon  and  hydrogt*n :  but  some  of  them  ap- 
pear to  be  produced  from  other  volatilised  compounds,  which  ore  subjected  to  the 
ftirthcr  action  of  a  red  heat  within  the  apparatus. — ^4.  Besinsi,  which  maybe  called 
tmpftreumatic  rrgina,  containing  but  little  oxygen,  and  genendly  dark-coloored ;  sc- 
oording  to  Unverdorben,  some  of  them  iHssolvc  both  in  alcohol  and  in  potash,  others 
only  in  idcohol,  others  again  only  in  potash. — 5.  If  tho  ori^nal  compound  contains 
nitrogen,  ammonia  and  volatile  alkawuU  arc  also  given  off,  viz.  ethylamine  and  its 
homoiogaes,  together  with  pyridine,  picoline,  Intidine,  coUidine,  pyrrhol^  and  otbei& 
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Coal  yields  hy  dry  dLstillation,  especially  at  low  temperatures,  a  veiy  complex 
distillate,  consisting  of  an  acid  portion  containing  pheuic  or  carbolic  acid,  with  smaller 
quantities  of  rosolic  and  bmnolic  acids,  a  basic  portion  containing  ammonia,  phenyla- 
mine,  benzylamine,  and  the  volatile  bases  above  mentioned,  and  a  neutral  portion 
consisting  of  benzene  and  its  homologues,  together  with  the  hydrides  of  the  alcohol- 
radicles,  amyl,  hexyl,  and  heptyl,  which  are  liquids, — also  the  solid  compounds 
naphthalene,  anthracene  or  paranaphthaleno,  chryscne,  pyrene,  and  theparafiSns,  which 
probably  consist  of  the  hydrides  of  the  higher  terms  of  the  series  of  alcohol-radicles. 

As  the  more  volatile  products  escape,  substances  of  continually  diminishing  vola- 
tility remain  behind ;  and  these,  as  the  temperature  rises,  are  either  evolved  unaltered 
in  the  gaseous  form,  or  resolved  into  more  volatile  matters  and  residual  products  of 
still  greater  fixity. 

The  hydrogen,  nitrogen,  and  oxygen,  which  finally  remain,  are  either  suflBcient  to 
form,  with  the  whole  of  the  residual  carbon,  a  compound  which  is  volatile  at  a  higher 
temperature,  in  which  case  nothing  remains  in  the  retort ;  or,  the  relative  quantity  of 
the  carbon  is  too  great  to  enter  wholly  into  such  a  state  of  combination ;  and  then,  as 
the  heat  approaches  to  redness,  this  excess  remains  behind  in  the  form  of  charcoal,  still 
combined  with  small  quantities  of  the  other  substances,  which,  however,  are  separated 
the  more  completely  as  the  residue  is  finally  subjected  to  a  stronger  heat. 

Compounds  containing  a  medium  quantity  of  oxygen,  such  as  sugar,  gum,  wood, 
and  glue,  leave,  if  they  are  not  volatile,  the  largest  quantity  of  charcoal ;  because  a 
large  portion  of  the  hyclrogen,  which  would  otherwise  volatilise  the  carbon,  is  converted 
by  the  oxygen  into  water.  These  compounds  leave  more  charcoal  in  proportion  as  they 
are  heated  more  slowly,  because  the  quantity  of  water  formed  is  then  likewise  greater. 
When  the  proportion  of  oxygen  is  large,  this  element  also  tends  to  volatilise  the 
carbon,  in  the  form  of  carbonic  anhydride  and  carbonic  oxide.  When  the  quantity  of 
oxygen  is  comparatively  small,  the  hydrogen  combines  chiefly  with  the  carbon,  form- 
ing volatile  compounds,  such  as  gases,  oils,  camphors,  and  resins. 

If  the  compound,  during  diy  £stillation,  passes  into  a  fused  or  softened  state,  which 
is  most  frequently  the  case,  the  charcoal  appears  inflated,  like  that  formed  from  resin 
and  sugar,  or  at  all  events  very  porous,  like  that  from  tartaric  acid  and  cork.  But  if 
the  compound,  wood,  for  example,  remains  solid  while  sulgected  to  heat,  the  charcoal 
still  exhibits  the  original  form  and  internal  structure,  but  is  contracted  in  volume. 

Spongy  platinum,  inasmuch  as  it  favours  the  formation  of  vapour  in  liquids,  may 
cause  an  organic  compound  to  be  completely  resolved  into  volatile  products  at  a  lower 
temperature  than  it  would  if  heated  alone.  Thus,  tartaric  acid  mixed  with  spongy 
platinum  and  carefully  heated,  yields  nothing  but  carbonic  acid  and  a  transparent  and 
colourless,  crystallisable  distillate.    (KeisetandMillon.) 

The  products  of  diy  distillation  may  be  arranged  in  the  following  classes,  according 
to  their  external  forms : 

1.  Gases.  —  Uydrogen  and  nitrogen ; — carbonic  oxide,  carbonic  anhydride,  hydro- 
chloric, hydrobromic,  hydriodic,  and  sulphydric  acid  gases,  marsli-gas,  olefiant  gas, 
and  tetiylene.  In  this  gaseous  mixture,  the  vapours  of  empyrcumatic  oils  and  of 
sulphide  of  carbon  are  also  diffused. 

2.  Watery  distillate, — The  water  contained  in  this  distiUate  was  either  attached  as 
such  to  the  organic  compound,  or  it  has  been  formed  at  the  high  temperature  to  which 
that  compound  has  been  subjected,  from  the  oxygen  and  hydrogen  contained  in  it. 
In  this  water  are  dissolved: — a.  In  some  few  instances,  alcoholic  fluids,  such  as 
aldehyde,  wood-spirit,  lignone,  and  acetone. — b.  Almost  always  acids,  of  which  the 
most  frequent  is  acetic  acid.  Hence  the  watery  distillate  obtjiined  in  the  dr}'  distil- 
lation of  non-azotised  organic  bodies  almost  always  has  an  acid  reaction  (see  Acetic 
Acid,  i.  9). — c.  The  watery  distillate  obtained  from  azotised  substances  contains 
small  quantities  of  hydrocvanic  acid  and  large  quantities  of  ammonia,  often  mixed  with 
compound  ammonias,  such  as  methylamine,  ethylamine,  &c  When  the  quantity  of 
ammonia  is  but  small,  it  is  completely  saturated  by  the  acetic  acid  or  any  other 
stronger  acid  that  may  be  present,  and  the  watery  distillate  still  exhibits  an  acid 
reaction,  or  is  neutral ;  but  in  the  distillate  obtained  from  most  azotised  bodies,  these 
stronger  acids  are  not  present  in  sufficient  quantity  to  neutralise  the  large  quantity  of 
ammonia,  the  excess  of  which,  therefore,  unites  with  the  carbonic  acid,  and  in  the 
form  of  carbonate  of  ammonia,  imparts  an  alkaline  reaction  to  the  liquid.  By  this 
character,  a  non-azotised  organic  compound  may  be  distinguished  from  one  which 
contains  nitrogen.  The  former  yields  an  acid  distillate,  which  does  not  give  off 
ammonia  even  on  the  addition  of  potash;  the  latter  gives  either  an  alkaline  distillate, 
or,  if  it  contains  but  little  nitrogen,  a  neutral  or  acid  distillate  which  gives  off 
ammonia  when  treated  with  potash.  But  a  non-azotised  organic  compound  likewise 
yields  ammonia  by  destructive  distillation,  if  it  be  preWously  mixed  with  nitre. 
Thus,  gnm-arabic  distilled  with  one-tenth  of  its  weight   of  nitre  yields  ammonia 
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wid  a  pyroplioric  cliarcoal  containing  cyanifle  of  potassium  (Vauqueliu,  Ann,  Cliim. 
Ixxii  59).  —  d.  The  vrntery  dlbtiJIiiie  likewise  holda  in  solution  a  em&ll  quantity  of 
the  tarry  matter  next  to  b«  conBidercd,  which  gives  it  a  brown  coIotip. 

3.  Of/y  or  l^arrr/  DistiUatr,  Empyrcumatic  Tar, — Generally  a  brown  nnd  fetid  mix- 
ture of  different  cmpyroumatic  oils^  cuinphorSp  and  ri^sina,  which  may  likewise  contain 
Tolutile  alkaloids,  a  broTini  niouldj"'  substance,  and  another  brown  substance  aoluble  in 
water  and  alcohol,  and  forming  with  potash,  baryta,  and  lime,  compounda  which  axe 
flolublo  in  wat4?r,  and,  with  the  other  earths,  componiida  which  are  insoluble.  The  most 
fetid  t&r  i«  that  obtained  from  the  more  highly  azotised  eomfjoundr=,  such  as  gelatin  and 
white  of  egg.  The  offensive  odour  of  meat  emp}T€umfttic  tars  is  ascribed  by  Unver- 
dorben  (Pogg.  253,  297,  and  477)  to  a  peculiar  oily  acid  which  he  calls  emfntrru* 
tnaito  acid,  which,  however,  varies  with  the  netture  of  the  original  compound,  being 
Boaietimea  lighter,  aometimes  heavier,  tlian  water. 

4.  Sublimed  ProdvcCs. — These  products  consist  aometlmoa  of  an  acid,  c  y.  pypo* 
gallic  acid,  sometimes  of  a  camphor^  sometimea  of  carbonate  of  ammonia^ 

6.   Ckareo{jU> 

Some  organic  eompKJund*  yield  all  theso  productu,  Tia,  gases,  watery  liquid,  tar* 
Buhlimate,  and  charcoal  Such  is  the  caso  with  gelatin,  albumin,  &c,  in  which  the 
sublimut-o  consists  of  carbonate  of  amnaonia.  Other  compounda^  as  sugar,  woody  Hbre^ 
&Cm  yield  gases,  a  wateiy  liquid,  tur,  and  charcoal^  but  no  sublimate.      (See  Acbtig 

ACm,    BoKB-OIL,    ClNCKONIim^    COAl,.) 

The  nature  of  the  products  obtained  by  the  destructive  distillation  of  any  Bubstance, 
often  varies  eonsideraltly  with  the  temperature  to  whieh  it  ia  subjected ;  thus  coal, 
when  distilled  at  bright  red  heat,  yields  a  large  quantity  of  gaseous,  and  a  compara- 
tively small  quantity  of  liquid  hydrociirbons,  whereas,  when  tbe  distillation  is  con- 
ducted at  a  low  red  heat,  the  proportion  of  liquid  protlucts  is  much  greater.  The 
pamffin  oils  now  so  largely  used  for  illuminatiou  and  for  lubricating  machinery,  are 
prt' pared  by  distilling  Boghead  coal  at  a  low  red  heat. 

We  h;ive  hitherto  spoken  chiefly  of  the  decompotiition  of  bodies  of  complex  or  inde- 
finite constitution,  such  as  wood,  coal,  animal  matter,  &c.  The  more  simply  consti- 
tuted organic  compounds,  such  as  acidsi  bases,  and  aolts^  yield  by  dry  distillation, 
especially  if  carelully  4*onducted,  a  tmall  number  of  producti^  bearing  a  definite  and, 
gen^ndly  speakings  a  simple  ratio  to  tho  original  substance^  Tha  following  are 
examples :  — 

a.  I>(compoiiii&n  of  non^as^^imd  organic  hcdits. — Many  acids  are  wholly  resoh'iHl 
into  water  or  carbonic  anhydride  (or  both  together)^  and  one  or  moro  acids,  called 
Pyro-acide^  contaioing  has  oxygen. 

JUalw  €tcidf  when  qaickly  heated  to  200  C,  is  almoet  completely  lesolved  into 
^ratar  and  maleio  acid,  which  distil  over : 

C*H*0»  -  2C*H»0»  +  H'O. 

At  160*'  C,  it  yields,  as  pnndpol  product,  a  residue  of  fijmaric  acid,  which  is  poly- 
meric with  maleic  acid,  ana  may  be  regarded  as  a  dibasic  add  =  C*H*0*.  At  a  more 
intense  heat,  tho  products  are  carbonic  oxide^  mareb-gaa,  empyreumatic  oil,  and 
charcoal. 

Mudc  acid  is  resolved  into  X  at.  carbonic  anhydride,  3  at  water,  and  pyromacic 
acid; 

aw^^  ^  C*H<0"  +  3HK)  ^  C0«, 

Citrio  acid^  wheu  heated  in  a  retort,  gives  off  1  at.  water^  and  leaTcs  a  residue  of 
aconitic  acid : 

OH»0'  —  HK>  =  C*H*0». 

This  Q£tmitic  acid,  if  more  strongly  heated  in  the  retort,  gives  off  1  at  carbonic  aiiby> 
dride  and  distils  over  as  itaconic  acid : 

C*HH)*  -  CO'  ^  C»H*0*. 

At  the  same  time,  another  portion  of  tlie  citric  acid  is  decompowd  in  a  different  man- 
nar,  being  resolved  into  carbonic  oxide,  acetone,  empyreumatic  oil,  and  charcoaL 

Gallic  acidi  heated  to  210^  C,  yif^hls  carbonic  anhydride  and  a  diatillnte  of  pjro- 
gaUioadd: 

CTaw  =  C^*0*  +  C0«; 

but  at  26(Pt  it  giTes  off  water  and  carbonic  anhydride  and  leaves  metagallic  add : 

c»H»o*  -  c«n»o*  +  no  ^  cov 
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Meoonie  acid  ff.yeB  off  carbonic  anhydride,  and  yields  a  sublimate  of  pyromeconie 
add: 

CH^O'  «  C»H*0»  +  2C0«. 

Oxalic  acid  partly  sablimes  nndeoomposed ;  another  portion  is  resolved  into  water, 
carbonic  oxide,  and  carbonic  anhydride : 

Cm.H)*  =  H«0  +  CO  +  C0«. 

and  a  third  part  into  formic  add  and  carbonic  anhydride : 

C«HH)*  «  (XEPO*  +  C0«. 

Salicylic  acid,  when  quickly  heated,  is  resolved  into  carbonic  anhydride  and  phenylio 
alcohol: 

C'H«0«  =  C0«  +  C^«0. 

OrMic  acid  yields  carbonic  anhydride  and  ordn : 

CHK)*  =  C0«  +  crH«o«. 

In  some  cases,  the  whole  of  the  oxygen  of  the  organic  compound  is  eliminated  in 
the  form  of  water  and  carbonic  anhydride,  and  hydrocarbons  of  various  composition 
are  produced :  thus, 

C«H^O«  -  C0«  4  CH*. 
Acetic  acid.  Mar»h  gai. 

c»H«o«  «  co«  +  c»n«. 

Cinnaraic  acid.  CinDamene. 

Monobasic  adds  are,  for  the  most  part,  resolved  by  dry  distillation  into  1  molecule 
of  carbonic  anhydride,  together  with  a  hydrocarbon  (e.  g,  acetic,  cinnamic,  benzoic 
acid,  &c),  or  into  carbonic  anhydride  and  an  alcohol  (like  salicylic  acid) ;  dibasic  acids 
yield  1  molecule  of  carbonic  anhydride  and  a  monobasic  pyro-acid  (oxalic  add  yields 
carbonic  anhydride  and  formic  acid),— or  two  mol.  CO'  ana  a  hydrocarbon,  sometimes 
also  water  (phthalic  add,  C«H*0*,  yields  2C0*,  and  1  at.  benzene,  C«H«) ;  —  and  tri- 
basic  acids  yield  either  1  mol  carbonic  anhydride  and  a  dibasic  pyro-add  (citric  acid 
yields  CO'  and  itaconic  add),  or  2  mol.  CO'  and  a  monobasic  aad,  or  3  mol.  CO'  and 
a  hydrocarbon. 

Under  the  influence  of  strong  chemical  reagents,  the  decomposition  by  heat  often 
takes  a  different  form.  Thus,  organic  bodies  heated  with  caustic  alkalis  yield  acids  as 
their  chief  products  of  decomposition,  formic  oxalic,  and  carbonic  acids  being  frequently 
produced  in  this  manner;  monobasic  adds  heatM  with  lime  or  baryta  yidd  acetones, 
together  with  a  carbonate  of  the  earth-metal,  e,  g. 

2CHK;aO'  =  OaKJO'  +  CHK). 

Acetate  of  Carbonate       Acetone, 

calcium.  of  calcium. 

2C'H»CaO'  =  Ca'CO'  +  C»H'»0. 
Benioate  of  Benzophenone 

calcium. 

Sometimes  a  more  complex  decomposition  takes  place,  resulting  in  the  formation  of 
hydrocarbons,  together  with  aldehydes,  or  compounds  isomeric  therewith,  e.  g.  butyral 
m>m  butyric  acid  (i.  689). 

In  many  cases,  when  a  considerable  quantity  of  lime  or  baryta,  or  an  excess  of 
hydrate  of  potassium  or  sodium  is  present,  the  whole  of  the  oxygen  of  the  acid  is  con- 
verted into  carbonic  anhydride,  and  a  hydrocarbon  is  given  off: 

CTPKO*  +  KHO  «  K-CO'  +  CH*. 

Acetate  of  Mo.^k  »•• 

potaMium.  *»•"*»  «■• 

CHH^aO'  +  CaHO  -  Ca«CO'  +  0»H«. 

Bensoate  of  iu.n,«n. 

calcium.  Beoiene. 

In  other  cases,  organic  adds  of  more  simple  constitution  are  produced  ;  tlins,  oleic 
add  heated  with  hydrate  of  potassium,  yields  palmitate  and  acetate  of  potas8iani« 
tc^ther  with  free  hydrogen : 

C"H»*0*  +  2KH0  «  C"H"KO'  +  CffKC  +  H«. 


Oleic  add. 


Palmitate  of         Acetate  of 
potauium.  poUMtom. 
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Plba£ic  acids  frequently  yield  monobasic  adds,  together  witb  carbonic  anhydride : 
thuB, 

Oxalkc  acid.     Fortnic  »cld. 

Under  the  influoncG  of  Bulphuric  aeid,  phosphoric  add,  or  chloride  of  zinc,  the 
elements  of  wat**r  are  often  withdrawn,  and  &  liydroearlxjn  produced :  thn^  alcohol, 
C'lI'O,  is  re§olvpd  into  wat^r,  IPO,  and  ethylcni?,  C^H* ;  and  lx»mc^ol»  C"^H"0,  into 
H'O  and  l>omeene,  C'*H»*, 

6  Becomposition  ofiisotUtd  bodiis. — ^When  asotieed  organic  bodies  are  heated jj^rnr*, 
the  greater  part  of  their  iiitrog«?n  is  gircn  off  in  the  fonn  of  ammonia,  a  Tolatile 
organic  baflCf  or  a  cyanogen  c«m]:>onnd ;  sometimes  also  in  part  as  free  nitrogenp  and  in 
the  case  of  oompountls  containing  nitryl  (NO'),  ad  an  oxide  of  mtrogen.  A  Kmall 
portion  of  the  nitrogen  usually  remains  united  with  the  charcoal,  whiL'h  is  left  behind 
when  all  the  Tolatilo  products  have  escaped.  The  following  are  examples  of  some  of 
the  modes  of  decsompoeition  just  mentioned : 


SCH^'O  - 
Urea> 

(rH*NO*  « 

AnlhriiTiiltc  acid. 


3KID 
CO' 


+  C«H^»0«. 

Cjanurlc  ftcld. 


PheQjIamloe. 
2C^(Nn*)=0*  =  NH\CK  +  2CHN0  -^  CO  +  6K»0. 


I 


fttnizionium. 


CjTAnido  nf 
amnioulum. 


Cyanic 
acid. 


Certain  nitrogen-compounda  (ammonium'salts),  when  gradually  heated,  give  off  all 
their  oiygen  in  the  form  of  water,  and  are  conTerted  into  amides,  or  nitrilea* 


CH^NHMO*  =  N,H-.C^H'0     +  H=0. 

AcrUte  of 
Aisini<9nium. 


Acetarnide. 


en^CXH')©*  -  N.H.(C^H*Oy  +  2n«o. 

AuUl  succinate  of 
iii3nniQri.lum. 


SucdBtmlde. 


Oxalate  of  ammonium,  C"(NH*)^0*,  ia  resolved  in  lilt®  manner  into  2  at<.  cyanogen 
(CT*!^)  and  4H*0  ;  formate  of  ummonium,  CH(NH')0'.  into  hydrocyanic  acid  (formo* 
iiitrile),  HCN,  and  2ll"0 ;  benzoato  of  ammonium,  C'HXNH*)0^  into  cyanide  of  phenyl 
(benzoniti-ile)  CTI*N,  and  2H'0. 

If  the  nitro^eu-comffound  likewise  contains  sulphur,  this  element  unites  partly  with 
the  ammonium  and  ammonium-bases  evolved,  forming  sulphidea,  partly  with  carlxm 
and  the  ammnninm-baKes,  forming  snlphocyanates  of  thoae  baaea,  partly  with  carbon 
alone,  in  the  form  of  sulphide  of  carbon. 

Nitrogen -com  ponndij  iieated  with  the  hydrates  of  the  Blkali-met4d8,  either  alone  or 
mixed  with  lime  (potash-  or  Bodarlim©)^  generally  give  off  the  whole  of  their  nitrogen 
a«  ammonia;  in  some  eaaea,  however,  volatile  organic  baees  are  likewiao  given  ofl*. 
Thus,  caffeine  boiled  with  potash,  gives  ofT  methylamino,  and  einchonino  heated  with 
hydrate  of  potasfiium.  yields  pyrrol,  pyridine,  picoliue,  lutidine,  colHdine,  chinolin* 
and  lepidine* 

31IS0S«PS«J!tirXS01iIC,  -BSirZOKXC,  ^BTH0X.IC,  -MlSTfiOXiZO,  and 
-PJtOP&OStlC  ACZBS.     See  Slxpuugoub  Etu^ils, 

1IXTST&T&.  The  name  given  by  Berzeliua  to  the  hydrocarbon  C*H%  now  called 
Butyhnc  or  Trirtfltnt^, 

SITBXOWZC  ACXII«    See  SiTLrauii,  OxTGEir-Acms  or. 
I»XUR£T.    S>Ti,  with  BnmET  (L  600). 

HZVX-DZVX  or  lAhidihi.  The  huj»kfl  of  Ctf9alpmia  coriaria^  Willd,  imported  from 
South  America,  in  fho  form  of  dark  brown  rolls  containing  a  few  tlat  seeds.  The 
outer  rind  of  the  husk  contains  a  large  quantity  of  tannin,  together  with  ready-formed 
gallic  acid;  the  tannin  easily  yields  pyrogallic  acid  hy  distilhilion.     (Stenhouse.) 

DOCXMLAST  (from  ^amfxi^uv^  to  teat)*     A  term  Hynonymous  with  assaying. 

I>01i6ZiikX»  A  compound  obtained  from  dogling  train  oil»  and  aoid  by  ScharHng 
to  be  analogous  to  sethal  (liydnite  of  cctyl). 

X>OZ!CrXiXC  iiCXD*     Sec  the  next  article* 

2>0X:aXilKG  TRAXiar  oxt,  (S e h  n  rli  n g,  X  pr.  Chem.  iliil  257 ;  .Tahre«bor.  d. 
Chcni.  1847-8,  p.  307.)— The  oil  obtained  from  the  Ixjt tie-nosed  whale,  Baltenu  rv^trnta^ 
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called  **  dogling  **  in  tlie  Faroe  islos,  -vrhere  it  is  caught.  The  oil  has  a  specific  gravity 
of  0-868  at  20° C,  0981  at  11°  becomes  turbid  at  8°,  and  deposits  a  crj-stulllne  fat 
at  0°,  more  abundantly  at  —  8^  It  contAins,  according  to  Schariiiig,  79-9  p.c.  carbon, 
and  13'4  hydrogen,  and  consists  mainly  of  do  eg  late  of  doeglvl,  with  but  a  small 
j>roportion  of  glj'cerides,  and  no  iodine.  It  dissolves  in  2  pts.  of  boiling  absolute  alcohol, 
and  in  22  pta.  weak  alcohol.  Wlien  exposed  to  tlie  air  it  takes  up  oxygen,  becomes 
heavier  and  more  viscid,  and  ultimately  dries  up.  It  forms  a  better  fuel  for  lamps 
than  common  train  oil,  and  may  be  fireed  from  offensive  odour  by  lea\nng  it  exposed 
to  the  sun  in  contact  with  water,  by  shaking  it  up  with  thin  miJk  of  lime,  or  by  dis- 
solving it  in  boiling  alcohol. 

Doi*gling  train  oil  is  a  mixture  of  several  fats.  On  leaving  it  for  somo  time 
exposed  to  a  temperature  of  —  8°  C,  it  separates  into  a  liquid  oil  and  a  fat  which 
welts  at  24°  C,  contains  a  small  quantity  of  spermaceti,  and  yields  by  saponification 
a  turbid  soap  containing  a  small  quantity  of  a  fatty  acid,  isomeric  or  identical  with 
capric  acid,  C'*H"0*.  When  saponified  with  oxide  of  lead,  it  yields  chiefly  a  lead-salt 
(>oluble  in  ether,  with  but  a  small  quantity  of  a  lead-salt  insoluble  th«»rcin. 

The  lead-salt  insoluble  in  ether  contains  a  mixture  of  a  Inxly  melting  at  49°  C. 
with  a  smaller  quantity  of  a  substance  which  melts  ut  100°  C.  without  decomposing. 
The  lead-salt  soluble  in  ether  yields,  when  decomposed  by  acids,  yellow  doeglic  acid 
C**1I'*0',  which  belongs  to  the  oleic  series,  is  perfectly  clear  and  fluid  at  IG-'  C,  and 
fuJidifies  a  little  above  0°  C.  It  reddens  litmus,  forms  a  liquid  ethyl-compound, 
C"H"»(C»H*)0*,  and  a  crystalline  barium-salt,  C"H»»BaO',  which  dissolves  in  boiling 
alcoliol  and  does  not  melt  at  100°  C. 

Doegling  train  oil  yields  by  dry  distillation  a  largo  quantity  of  a  colourless  liquid 
wliieh  is  a  mixture  of  several  fatty  acids  (including  volatile  acids  like  butyric  acid), 
with  numerous  hydrocarbons.  By  treating  this  liquid  with  carbonate  of  sodium  and 
water,  rectifying  it  per  sf,  treating  it  with  potassium,  and  again  rectifying,  a  colourless 
li<|uid  hydrocarbon,  C"H",  is  obtained,  having  a  strong  aromatic  o<lour,  and  vapour- 
dennity  =  6*8  (2  vol).  According  to  Scharling,  this  hydrocarbon  is  formed  by  the  de- 
ovmposition  of  oxid^  of  docglyl,  C2<H*»0,  contained  in  the  oil  (C2»II»»0  - 11=0  =*2C"1P'). 

Loegling  train  oil  treated  with  nitrous  acid,  assumes  a  darker  colour  and  solidifies ; 
and  the  solidified  oil  may  be  separated  by  alcohol  into  a  reddiHh-yeUow  easily  soluble 
sul>stance,  and  a  colourless,  ciystallisable,  less  soluble  mass,  neither  of  which  has  been 
cxamine<L 

BOO-TOOTB  8VAS.     The  scalenohedral  form  of  culcspar  (i.  722). 

BO&XSZar.    A  gneissoi'd  rock  in  the  Alps,  consisting  of  talc  and  felspar. 


A  rock  nearly  allied  to  basalt,  and  consisting  of  a  ciystallo-granular 
mixture  of  felspar  (labradorite)  and  augite,  with  a  small  quantity  of  titaniferous 
magnetic  iron  ore :  it  differs  from  basalt  by  not  containing  olivine,  and  generally  also 
by  the  absence  of  zeolites.  Its  structure  varies  from  small-  and  fiuc-grained  to 
compact,  seldom  coarse-grained.  It  often  contains  distinct  crj'stals  of  augite  or 
labradorite,  or  both,  and  then  becomes  porphyroidjil ;  it  likewise  acquires  an  amygdaloid 
character  by  the  presence  of  cavities,  and  is  sometimes  porous.  Specific  gravity 
-  2*75  to  2*99.  The  essential  constituents  of  dolerito  are  silica,  alumina,  lime, 
magnesia,  ferrous  and  ferric  ozido,  with  small  quantities  of  potash  and  soda.  Dolerito 
from  Iceland,  analysed  by  Auerbach,  gave  3818  percent  labradorite  and  61*32  augite. 
Dolerite  from  Meissner,  analysed  by  Ileusscr  (Pogg.  Ann.  bsxxv.  298),  gave  47*60 
labradorite  and  4960  augite,  and  by  ultimate  analysis  48  00  SiO«,  16  28  A1*0", 
15*55  FeK),  9*60  Ca«0,  3*86  Mg*0,  201  Na=0,  201  KO,  280  water  (loss  included). 

Dolerite  occurs  as  an  eruptive  rock  in  enormous  masses,  streams,  veins,  beds,  and 
cruets;  it  generally  weathers  somewhat  easily;  it  is  but  slowly  attacked  by  acids. 
A  very  fine  formation  of  coarse-grained  dolerite  is  found  at  Meissner  in  Hesse. 
.See  D'Aubisson  {Ttaitk  de  Gcofftiosic^  ii.  658,  note).  —  On  the  dolerites  of  the 
left  bank  of  the  Rhine  (Bergemann,  Karsten's  Archiv.  xxi.  3;  Ramnielsberg's 
Ilandw.  4,  suppl.  49;  Jahresber.  d.  Chem.  1849,  S03).— On  the  dolerite  of  Guadalouiw 
(Devi  lie.  Bull,  g^log.  [2]  viii.  425;  Jahresber.  1861,  862).— On  the  dolerites  of  tho 
Sielx>ngebirg  (Dechen,  Verhardl.  d.  naturalist.  Ven'ins  d,  preuss.  Rhoinl.  1852,  3,  4, 
Heft,  289) ;  Jahresl)cr.  1852,  949).,—  On  the  products  of  decomposition  of  dolerito 
(R  Ludwig,  Jahresl>cr.  1851,  831). 


BO&OBIXTB.  The  compact  aud  granular  varieties  of  magnesio-calcic  carbonate 
(Ca;  Mg)*CO",  tho  ciystallised  viirieties  lieing  called  Bitter-spar  (i.  600).  The 
following  sub-varieties  have  been  distinguished : 

Ut,  Granular  IMomitf. 

a.  WkUs  granular.  It  occurs  massive,  and  in  fine  granular  distinct  concretions, 
loosely  aggregated.    Lustre  glimmering  and  pearly.    Fracture  in  the  large,  imperfect 
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sliity.  Faiutly  tmneluccnt.  As  hard  ma  fluor-spur,  Brittlo,  Specific  graTity^  2 '8 3, 
JEifFerroscea  f<*ebly  with  a^ihls.  Phosphorescent  on  heated  iron,  or  by  friction.  Its 
constituents  ore,  4G'5  carbonate  of  magnesiuin^  6208  curbooute  of  eak'inm,  0*25  oxide 
of  manganode,  iuidO*5  oxide  of  iron  (lilaproth),  B&di  of  dolomite  containing  tri»molitej 
occur  in  the  islaud  of  lona^  in  tht>  mountdu -group  of  St  Got  hard,  in  the  Apcnnineii|| 
and  in  Carinthla.  A  beuutiful  white  variety,  uaed  by  ancient  sculptors,  m  found  in 
the  I  hie  of  Tenedos. 

'Th^JlexiMn  variety  was  fir«t  noticed  in  the  Bor^hese  palace  at  Rome  ;  but  tin?  other 
varieties  of  dolomite,  and  nlso  common  ^jinnlar  limefitone,  may  be  rendered  flexible 
by  <?xpo8)ng  tliem  in  thin  and  long  fd&ha  to  a  heat  of  480°  F&hr.  for  six  hours. 

h,  Brovm  I}f)hmilt\  or  mHfLrnesian  limest^Joe  of  Tennant, 

Colour,  yellowish -grey  and  ydlowisb-brown.  Massive,  and  in  minute  granular 
concretions,  LuHtro,  iDtemsdly  glistening.  Fracture,  splintery.  Translncent  on  the 
edges.  Hmtler  than  eak-areoua  spar,  Brittle.  Specific  gi'avity  of  cryetale,  2"8.  It 
ditjeolves  slowly,  and  with  feeble  effi^rvescence ;  and  when  calcined,  it  is  long  in 
reabsorbing  carbonic  acid  from  the  Air.  Its  constituents  are,  lime  29'5,  ma^esia 
20*3,  carbonic  acid  47'2.  aliunina  and  iron  08  (Tcnnant).  In  the  north  of  England  it 
occurs  in  bods  of  eoniiiderable  thieknesa  and  ^reat  extent,  renting  on  tho  Newcastle 
coal  formation.  In  the  Isle  of  Man,  it  occurs  in  a  limestone  which  relets  on  greywacke. 
It  occurs  in  trap-rocks  in  Fifeshire. 

To  the  preceding  variety  we  must  refer  a  fifxihU  dotomite  found  near  Tinmonth 
CastJc.  It  is  yellowi«ih-greyj  parsing  into  cream-yellow,  Maasive.  Dull.  Fracture 
ear|}iy.  Opaque.  Yields  readily  to  the  knife.  In  thin  plates,  very  flexible. 
Specific  gravity,  2-5i ;  but  tho  stono  is  poroua.  It  dinsolvca  in  acids  Aa  readily  as 
common  carlwaato  of  calcium.  Its  constituenta  are  said  to  be  62  carbonate  of  cnlctam, 
and  36  carl'onate  of  magnesium.  WTien  made  moderately  dry,  it  loses  its  flexibility  j 
bat  when  either  very  moist  or  very  dry»  it  is  very  fiexibleu 

2nd,  Columnar  iMlomi'te.  Colour  pale  greyish-white.  Massive^  and  in  thin  prismatic 
coDcj*etions.  Cleavage  imperfect.  Fracture  uneven,  Luatre  vitreous,  inclining  to 
pearly.  Breaks  into  actcular  fragments.  Feebly  translucenL  Brittle*  Specific 
gravity  2'76.  Its  coustitnonts  are  fil  carbonate  of  calcium,  47  carbonate  of 
magneaium,  1  carbonate  of  iron.     It  occiu^  in  serpentine  in  Kmatiit. 

3rd,  ComjmH  Dohmttc^  or  Gurfwffitr.  Colour  snow-white.  Massive,  Dull. 
Fracture  flat  conch oidaL  Slightly  tninslncent  on  the  edges.  Semi-hard.  Difficultly 
frangilJe.  Sf^ecifie  grnvity  276.  Wlicn  pulverised,  it  dissolves  with  effervescence 
in  hot  nitric  acicL  It  consists  of  70*5  carbonate  of  calcium  and  29'5  ciirV)nnate 
of  magoesium.  It  occurs  in  reins  in  sesepmtUM  rocks,  near  GurhoS^  in  Lower 
Austria.  U. 

SOims.  A  term  used  in  crystallography  to  designate  a  trimetrjc,  monoclinic,  or 
tTiclinic  prism,  whose  fiicea  and  edges  are  pamEel  to  one  of  the  secondary  axes,  in  con- 
tradistinction lo  those  which  are  parallel  (o  the  priucipal  axiii,  tho  term  prism  bning 
for  the  most  part  restricted  to  these  latter.  (See  Crystallogbafhy,  pp,  H5,  151, 
1570 

BOnsSTXJ^S.  Argefiicid  Co^pt^^  WeiMkupferers.—An  arsenide  of  copper, 
Cu"A«,  found  in  the  district  of  Copiapo  and  the  province  of  Coquimbo,  in  Chili,  in 
reniform  aad  botrj'oidal  concretione,  also  massive  and  disseminated.  Hardness  =  3 
to  3  5.  Lustre  metallic.  Colour  tin*wbite,  with  a  slight  yellowish  or  iridescent  tar- 
nish.   Fracture  uneven.    Melts  easily  before  the  blowpipe,  emitting  an  odour  of  arsenic. 

Anait/s£s.—a,  Copiapo,  province  of  Coqnimbo  (Domeyko,  Ann.  Min.  [^1  iu-  ^)' — 
b.  Cordilleras  of  CopiafKi  (Field,  Chem.  Soc.  Qu.  J.  x.  289).— c,  Ooquimbo  (Field).— 
rf.  Son  Antonio  mine,  Copiapo,  mixed  with  iron  pyrites  (Domeyko). 


Copper 
Iron  . 

a. 
71-64 

71-6G 

c. 
71*48 

7070 
0  52 

Arsenic 
Sulphur     . 

28-36 

28-44 

2826 

2829 
3-87 

10000       lOO'OO 


9974 


08*38 


A  similar  mineral  from  Hicbipieotcn  Island,  Lake  Superior,  of  reddish- white  lo 
bronxe-ycllow  colour,  and  i^peeifio  gi-iivity  7"35  to  7"40,  is,  according  to  T.  S.  Hunt 
(Sill.  Am.  J.  XXV.  406),  p<^rh[ip*i  a  nvixture  of  domeykite  iind  nickelin. 

Qmdurritc  (1. 1 110),  must  be  rcgsinled  as  a  product  of  the  decomposition  of  domeykite*  j 

BOMXTS.    A  greyish  variety  of  clinkstone  from  tho  Puy  do  Dome  in  Auvcrgne. 

XIOZ7a.StZiL.     The  name  givrn  by  Bergemann  (Pogg.  Ann.  Ixxxvii.  608),  to  an^ 
earth  which  he  obtained  from  the  orangito  of  Brevig  in  Norway,  and  supposed  at  the 
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time  to  be  pecnliar ;  later  investigations,  however,  by  Bergemann  himself  and  by  Berlin 
and  Damour,  have  shown  that  it  is  identical  with  thorina. 


A  pitch-like  substance  occnrring  in  layers  in  the  peat  near  Aussee 
in  JStyria  (Haidinger,  Wien.  Akad.  Ber.  ii.  287).  It  is  gelatinous,  elastic  like  caout- 
chouc, brownish-black,  translucent  on  the  edges,  has  but  little  lustre,  is  very  soft,  and 
has  a  specific  gravity  of  1'089.  When  exposed  to  the  air,  it  quickly  gives  off  a  large 
quantity  of  water,  and  splits  np  into  black,  highly  lustrous,  sharp-edged  brittle  lumps, 
like  jet,  having  a  hardness  of  2  to  2*5,  and  specific  gravity  of  1*466.  In  this  state  it 
bums  away  but  slowly  when  heated,  leaving  a  white  ash.  It  is  insoluble  in  alcohol 
and  ether,  but  dissolves  almost  entirely  in  caustic  potash.  According  to  an  analysis  by 
Schrotter  (Wien.  Akad.  Ber.  1849,  p.  285),  it  contiiins  61-43  carbon,  6*34 hydrogen, 
and  48*03  oxygen  (=  100):  according  to  another  analysis  by  Schrotter,  quoted  by 
Kenngott  (Handw.  d.  Chem.  2**.  Ai3l  ii.  [3]  484),  it  contains  48*06  per  cent,  car- 
bon, 4*98  hydrogen,  1*03  nitrogen,  and  40*07  oxygen.  The  fresh  substance,  at  18°  C, 
contains  68*22  per  cent,  water,  and  after  being  heated  to  100°  C,  78*6  per  cent,  water. 
The  Siimo  substance  appears  to  occur  in  the  peat  deposits  at  the  Gonten  baths,  neap 
Appenzell  (v.  Tchudi,  Wien.  Akad.  Ber.  ii.  274),  and  in  the  peat  of  Berechts^arden 
(Gumbel,  Jahrb.  J.  Miii.  v.  Leonhard,  1868,  p.  278).  The  substance  from  Hagnets- 
wyl  in  the  Canton  of  St  Gall,  described  as  dopplerite  by  J.  Deicke  (Beig.  v.  Hiittenm. 
Zeitg.  xvii.  383),  docs  not  exbibit  the  same  properties. 

BSACIUVIJII  By  B&ACZWS,  or  B&ACOVZVB.    See  Dbaqojx'b  Blood. 
B&ACO  aiZTZOATini.    An  old  name  of  calomel. 
B&A.CO&.    Laurent's  name  for  AmsoL. 
BRACOWZO  ACZB.    Syn.  with  Amsic  Acid  (i.  300). 


]>&B.COVZBB.{ 

BSAco; 


See  Dbaoon's  Blood. 

BSACOirsX.  A  product  of  decomposition  of  dragon's  blood,  identical,  according 
to  Blyth  and  Hofmann,  with  metastyrol  or  motacinnamcne  (i.  982). 

mUkCOVrntf  or  B&AOOVTX,  CBIO&ZBZ:  or.  Laurent's  name  for  a 
product  of  the  action  of  chlorine  on  oil  of  tarragon  (i.  299). 

B&ACnX.  A  product  of  decomposition  of  dragon^s  blood,  identical,  according 
to  Uofmann,  with  toluene  or  hydride  of  benzyl  (i.  673). 

B&AOOBD^rBf  B&AOOVZTV.     Syn.  with  Eock-cbtstal. 

B&A.OOVZO  ACZB.     Syn.  with  Akisio  acid. 

BSAOOVB  B&OOB.  Sanguis  Draconis.^A  resin,  so  called  on  account  of  its 
rod  colour,  which  exudes  from  various  trees,  either  spontaneously  or  from  incisions. 
Three  kinds  are  distinguished  in  commerce — 1.  East  Indian  dragmCs  biood,  which  is 
found  on  the  ripe  fruits  and  leaves  of  several  palms  of  the  genus  Calamus,  viz.  C, 
Botang,  C.  pdraus,  C.  draco.  2.  American^  from  incisions  in  Pterocarpus  draco, 
indigenous  in  tlie  West  Indies.  3.  Canary  dragon's  Uood,  from  Dracesna  draco.  Ac- 
cording to  Pereira,  it  occurs,  in  commerce,  in  sticks  or  in  the  reed  (Sanguis  draconis 
in  haatlis);  in  oval  masses  or  drops  (in  lachrgmis);  in  powder;  in  the  tear  (in 
gram's) ;  in  lumps  (in  massis);  and  in  cakes. 

Dragon's  blood  is  dark  red-brown,  opaque,  tasteless  and  scentless,  brittle,  and  yields 
by  trituration  a  cinnabar  or  carmine-red  powder.  When  pure,  it  dissolves,  with  fine 
red  colour,  in  alcohol,  also  in  ether,  and  in  oils  both  fixed  and  volatile.  Alkalis  also 
dissolve  it  more  or  less  completely. 

The  composition  of  dragon's  blood  varies  with  its  origin ;  the  serem]  commercial 
varieties  are  probably  mixtures  of  different  compounds.  According  to  Johnstone, 
(PhiL  Trans.  1839,  p.  134\  the  portion  of  cake  dragon's  blood  which  is  soluble 
in  alcohol  and  ether  has  the  composition  C=*H'"0*.  ►Herborger  (Buchn.  Bepert 
xxxvii.  17;  xL  138)  found  in  100  pts.  of  dragon's  blood  tn^rtWM.*  90*7  red,  amorphous, 
acid  resin,  which  he  designates  as  draconide,  2*0  fatty  matter  soluble  in  ether,  3*0 
benzoic  acid,  3*7  phosphate  of  calcium,  and  1*6  oxalate  of  calcium. 

The  alcoholic  solution  of  dragon's  blood  forms  red  or  violet  precipitates  with  metal- 
lic salts  (Herberger).  The  same  turns  yellow  when  mixed  with  sulphuric  or  hydro- 
chloric acid,  and  on  addition  of  water  deposits  a  yellow  or  reddish  compound  of  the 
acid  with  the  resin.  This  compound  dissolves  in  a  small  quantity  of  water,  forming 
a  yellow  solation,  which  is  reddened  by  alkalis.  Melandri  (Brandes'  Archiv.  [1828] 
XXV.  193)  regarded  the  resin  combined  with  sulphuric  or  hydrochloric  acid  as  an  alka- 
loid, and  designated  it  as  draconine,  dracenine,  or  dracine. 

Bngon's  blood  is  decomposed  by  nitric  acid.  With  add  of  specific  gravity  1*33  it 
yiddi  oxalic  acid ;  if  the  add  has  been  previously  diluted  with  an  equal  weight  of 
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mteu',  it  formSi  when  be&ted  with  the  rmii,  mtrobenzoic  acid,  togetlier  with  a  immi- 
Toliif  ilf)  iieid. 

Dn^oa'a  blood,  when  gradually  heat^i,  mi^lts  and  gires  off,  up  to  210°  C,  a  wnnll 
quantity  of  ftcid  watery  aistiUat'e  containing  acetone  and  benzoic  acid;  as  the  heat 
increaacB^  the  retsin  kwcUs  up  and  gixes  off  carhonic  anhydridi*  «nd  carbonic  oxid^, 
while  water  is  formed^  and  thick  whito  Tapouw  are  evolved,  which  condense  in  the 
receiver  to  a  reddish  black  liquid,  TLo  oily  distillato  contmna  two  hydrocarbonfl, 
dracyl  and  dracouyl,  the  former  of  which,  accoTding  to  Hofmamx,  is  identical  with 
tolttcue  or  hydride  of  bcnssyl  (i.  573),  the  latter  with  metacinnamc*iie  or  metastyrol 
(i,  982).  Eenzoic  ncid  is  also  obtained,  together  with  a  colourless,  mobile^  oxygeuated 
oil,  which  is  heavier  than  water,  insoluble  therein*  bnt  soluble  in  alcohol  and  ether^ 
and  boils  at  200^  C. ;  with  potash,  this  oil  yields  benzoic  acid  and  a  comfionnd  not 
further  examined.     (Glfinnrd  and  Boudault,  Compt,  rend.  xrii.  603  ;  xix.  50d.) 

Dragon's  blood  is  used  chinfly  for  colouring  varnishes,  for  preparing  gold  lacquers, 
for  tooth  tinctures  and  powders,  and  for  staining  marble,  to  which  it  imparts  a  fine 
red  colour ;  it  is  also  used,  though  rarely,  in  medicine.  A  spurioos  kind  of  dragon*s 
blood  is  said  to  be  found  in  conunerce,  consii-tiiig  of  a  mixture  of  different  nwins  co^ 
lour<?d  with  s^andarach, 

HWtA.'vrrNCt  sXiA-TE,  Black  cAa/^.— Colour  greyish-black.  MasstTe.  Lustre 
of  the  principal  fracture,  glimmering  •  of  the  cross  fracture,  dull.  Fracture  of  the 
former  elafy,  of  the  ktter  fine  earthv.  Opaque.  It  writes,  Strejik  same  colour,  and 
glistening.  Very  soft*  Sectile*  msily  frangible.  It  adheres  slightly  to  the  tongue. 
FccLh  fine,  but  meagre.  Specific  gravity,  2*1  L  It  is  infuidblcv  Its  constituents  are, 
silica  64'OG,  alumina  11,  carbon  11,  water  7"2j  iron  2*75.  It  oceurs  in  beds  in  primi- 
tive and  transition  clay-slate,  also  in  secondary  formations.  It  is  found  in  the  coal 
formation  of  Scotland,  and  in  most  countries.  It  is  used  in  crayon -painting.  The 
trace  of  bituminous  shale  is  brownish  and  irregular;  that  of  black  chalk  is  re^lar  »nd 
black.  The  best  kind  is  found  in  Spain,  Italy,  and  France,  (See  Urt^M  Dietionart/  of 
Arts^  Miinvfaciurvs^  and  Mint^,  iL  67.) 

I>&SCXXT£.  Dredif. — ^A  baryto-calcic  sulphate,  occurring  in  small  unmodified 
rbombohedral  crystals,  disseminatca  on  the  surface  and  in  the  cavities  of  a  qmartzoaw 
rock  at  Beaujeu,  Dcp.  of  the  Hhone^  also  at  Badenwcilorin  Baden.  B  :  R  in  the  ter- 
minid  edires  =  93'^  or  M^,  Cleavage  rhorabohedral  in  tracer.  Specific  gravity  =^  3  2 
to  3-4.  IIar(ln<*8s  =  3-5.  Liistro  pearly  ;  splendent  on  the  fimctiijid  surfaces.  Streak 
and  colour  white.  According  to  Dufr^'noy  (Ann.  Ch.  Phys.  [2]  Ix.  102)  it  contains 
61*73  per  cent.  Ba'SO*,  and  14-275  CanSO*,  agn^ing  with  the  formula  Ca''S0*.8Ba=S0*. 

or  ^  if  SW,  together  with  8'05  carbonate  of  calcium,  9*71  silica,  2*405  alumina^  1*62 

lime,  and  2  3 1  water. 


Buch  ner  (Rcpert.  xli.  237)  gave  this  name  to  a  yellow  substance 
depo^ritcil  from  old  bitter  almond  nil.  It  was  said  to  dissolve  in  ftcids  and  to  be  pre- 
cipitated by  ba*es>  and  was  perhaps  benxamida. 

Z^Rtrss,  or  Gmde,  A  roonded  nodule  of  stone  containing  a  cavity  lined  with 
crystals, 

iittYA«AT.Aij.fi»gi  G^TUFHO&a..  Tlic  camphor  tree  of  Borneo  and  Sumatra, 
which  yields  bomcol  and  bomeene  (i.  G'iG).  The  bomeol  or  Borneo  cainplior  is  a  whito 
crystalline  substance  found  in  cavities  of  old  trees.  The  bomeraie  is  a  liquid  hydro- 
carbon,  isomeric  with  oil  of  turpentine,  C"H'*,  which  exiide«  from  incisions  in  the 
younger  stems. 

The  tree  likewise  contains  another  oil,  described  by  Lallemand,  which  is  obtained 
by  boiling  the  different  parts  of  the  tree,  cut  up  into  small  pieces,  with  water,  and  col- 
lecting the  oily  layer  which  floats  on  the  surface.     It  is  a  viscid  reddish  oil,  baring 
a  strong  balsamic  odour,  and  turning  the  plane  of  polarisation  of  a  luminous  rav  to 
the  right     It  begins  to  boil  at  about  180^  C.  (boraeone  lx>ils  at  165^),  but  the  boiling 
point  qnjckly  rises  to  about  256^  and  then  to  300"^,  at  which  temperature  the  whole 
of  the  volatile  portion  has  passed  over,  and  there  remains  a  roain  amounting  to  about  ' 
half  the  weight  of  the  original  oil     The  di^tillwl  oil  is  fhrthcr  resolved  by  repeated  I 
fractional  distillation  (mostly  cenducterl  nnder  diminished  pressure)  into  a  more  vnla-  j 
tile  oil,  lK>iling  from  180°  to  100*^C.,  and  a  less  volatile  oil,  boiling  at  about  260'*. 
Both  have  the  composition  C^®H'*,     The  crude  oil  was  not  found  to  contain  bomeoL 
(Lallemand,  ktud<»  »nt  la  ComptmHon  de  qndques  Egsences,  Ann.  Gh.  Phys.  [3]; 
Ivii.  404.— G  m.  xiv.  354.) 

XIS.iniiKXS  IxmrTSRXp  or  WiniiTa  aromatica.  The  bark  of  this  tree,  growing 
in  Bru^il,  is  said  to  be  the  Cortes  WinifTtt^v^i  formerly  used  as  a  tonic.  It  con- 
tains, according  to  Henry  (J.  Phann.  r.  181),  in  100  pts.  1*2  voktile  (►il,  10  hard 
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acrid  resin,  9  extnctlre  nutter  witli  a  little  taania,  1-6  staivh.  also  voodv  fibre, 
saltA,  &c. 

According  to  more  recent  inrestizations  \r  We:ssb«ker.  C-yrUx  WinU-r^nus  is  ob- 
tained from  WinUranus  Candia.  Il  ^diKc/.'tz  a*bc.  M.;.  or  &v>m  some  other  plant 
nearlj  related  thereta 

BSCBUT.    See  Jm. 


B VCX.TO  W M  IT M.  The  name  given  bv  C.  U.  S  c  h  e  p  a  rd  (SilL  Am  J.  xxriiL  129) 
to  a  mineral  found  in  the  copper  mine  near  Dncktnwii.  East  Tennessee,  haring  a  steel- 
grey  colour  inclining  to  bronze,  hardnn«  =  oS.  Fj<i.':fic  grarity  =  4o5  to  4-66, 
and  containing,  according  to  R  A.  Fisber.  30" 7  pts.  irnn  and  26*0  copper,  together 
with  sulphur.  According  to  G.  J.  Brush,  it  is  a  mixture  of  pvrite,  chalkosin,  mala- 
chite, quartz,  limonite,  &c. 


That  property  or  texture  of  l»odies.  which  renders  it  practiciible 
to  draw  them  out  in  length,  while  their  thickness  is  diminished,  without  anj  actual 
fracture  of  their  parts.    This  term  is  almost  exclusively  applied  to  metals. 

The  words  malleability-,  laminability.  and  ductiiit^-.  though  of^en  confounded 
together,  and  used  in  a  loose  indiscriminate  way,  arr  really  rezr  different.  Mal- 
leability is  the  property  of  a  body  which  enlarges  one  or  two  of  its  three  dimen- 
sions by  a  blow  or  pressure  very  suddenly  applied.  Laminability  belongs  to  bodies 
extensible  in  dimension  by  a  gridually  applied  pressure :  and  ductility  is  properly  to 
be  attributed  to  such  bodies  as  can  be  rendered  longer  and  thinner  by  drawing  tfiem 
though  a  hole  of  smaller  area  than  the  transverse  section  of  the  body  so  drawn.     U. 


BimsvZTB.  Grfcn  Iron  ore,  Kraunte. — ^A  basic  ferric  phosphate,  2Fe*0*.PH)*, 
or  Zfr0.2/(^P0\  occurring  in  indistinct  trimetric  crystals  (  acP  :  cxP  about  V2^% 
with  brachy diagonal  cleavage,  or  in  spherical.  l>?tryoidal,  or  kidney-shaped  masses, 
with  radiated  fibrous  structure,  and  drusy  surface.  Hardness  =>  3*5  to  4.  Specific 
pravitY  =  3*2  to  3*4.  Lustre  silky,  weak.  Colour  dull  leek-green  or  blacldsh-green, 
changing  to  yellow  and  brown  on  exposure.  Streak  siskin-green.  Subtranslucent. 
Melts  easily  to  a  slag  before  the  blowpipe. 

Karsten  (Arch.  f.  Bei^^b.  v.  Iliittenw.  xv.  243)  found  in  a  specimen  from  Siegcn 
in  Saxony,  27*72  p.  c  P=0»,  63*45  Fe*0«and 8oC  water ;  Vauquelin (Ann.  Ch.  Phys. 
XXX.  202)  found,  in  a  specimen  from  Haute  Vienne,  France,  2785  P*0*,  56*20  Fe*0*. 
6-76Mn«0»,  and  9*29  water,  whence  the  formula  2(2Fe*0».PK>»)  +  5HK);  (cala  28*0 
P*0,  63*1  Fo*0\  8-9  water). — ^From  a  more  recent  analysis  bv  Pisani  (SilL  Am.  J. 
12]  xxiii.  423),  the  formuhi  appears  to  be  2(^2Fe«0'J«O*)  +  7HK). 

HmnmrOTSXTB.  A  sulphide  of  copper  and  arsenic  occurring,  together  with 
binnite,  in  the  dolomite  of  the  Binncnthal,  in  the  Ober-Wallis,  Switzerland!  It  forms 
small  monometric  crystals,  sometimes  with  numerous  faces,  of  dark  steel-grey  to  iron- 
black  colour,  opaque,  and  with  metallic  lustre.  Hardness  =  4*5.  Specific  gravity 
=3  4  6.  Heated  in  a  test-tube,  it  yields  a  sublimate  of  sulphide  of  arsenic ;  when 
roasti'd,  it  yields  arsenious  oxide.  Before  the  blowpipe  it  gives  off  arsenical  fumes, 
and  melts  to  a  black  button.     With  soda,  it  yields  a  button  of  copper. 

The  composition  of  this  mineral  is  variously  stated.  Uhrlaub  {Kcntiffotfs  Ueber*. 
1856-1857,  p.  173)  found  in  it: 


As 

Cu 

Pb 

Ag 

Fe 

30*00 

37*74 

2*75 

1*23 

0-82 

27*54        30*00        37*74        2*75        1*23        0  82  =  100*14 ; 

which,  when  the  lead,  silver,  and  iron  arc  replaced  by  their  equivalents  in  copper, 
agre*^  approximately  with  the  formula  3Ca'S.2As'S"  or  Cu*As*S»  (calc.  29*70  S,  3103 
As,  39-27  Cu).  —  Stockar-Escher,  on  tho  other  hand  {ibid.  p.  175),  found  in  the 
pure  crystals : 

S  As  Cu  Ag 

32-73         18-98         46*24         1*91  «  99-86 ; 

which  acpecs  nearly  with  the  formula  of  normal  cuprous  sulpharscnate,  3Cu*S.  As"S*,  or 
Ccu'AsS'  (calc.  32-60  S,  1910  As,  48-29  Cu).     The  latter  formula  is  the  same  as  that 
of  enargite,  and  if  established  for  dufronoysit«,  would  show  that  cuprous  sulpharsenate 
19  dimorphous. 
The  name  dufrcnoyziU  has  sometimes  also  been  applied  to  binnito  (i.  588). 

BinbCAlKAXZV.  Wittstein's  name  for  a  bane  obtained  from  tho  stems  of  the 
common  nightshade,  Snfanum  Ihtlcamara,  which  he  regsirds  as  peculiar,  and  ropri'senta 
by  the  formula  C**H'^yO^  (Vierteljalircsschrift,  f.  pnikt.  Pharm.  i.  364,  495). 

BinbCA&Zir.    Syn.  \**ith  Bittersweet  (i.  600). 
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DlfXiGXZir,    Syn,  with  BtrLCiTB. 

Xlir^CZIff  Air.    Syn,  with  DtrLCiT^K, 

BtrSiCrriLlff ,  DiMna  n,  C'll ' '0^  {B  o  r  t  h  c  1  o  t,  Chimu  organiqfte  fnndie  tur  h 
8tfnmsi\  Pari§.  1800.  ii.  207.)— The  iiDhjdrida  of  duleito  (C«H"0*— H^O),  obtained 
bj  heating  dulcito  for  somo  time  to  near  200^  C,  or  bj  the  decomposition  of  the  dahn- 
tanides.  It  is  a  tbtj  riscid  neutral  pyriip,  which  volatilises  peTceptibly  ut  120°  C,  and 
is  partially  oonvertt^d  into  dulcite  by  prolonged  contact  with  wut^f,  or  by  heating  with 
water  andf  baryta-cry atala.  It  is  soluble  in  water  nnd  in  absolute  alcohol^  bat  not  in 
ether.    The  <^3mpo!jition  of  its  salts,  the  dulcitjinidca,  shows  thcit  it  may  be  regarded  oa  a 

totratoraic  alcohol  CC*^^['l  0*. 

8tlXG2TiUrZ3>S8.  Compounds  of  duleitan  with  adds,  analogous  to  tho  maani- 
tanidcd  and  glyeeridea.  They  may  be  regarded  ns  duleitan,  in  which  2  or  4  at  H  ara 
replaced  by  acid  radidea,  or  aa  compounds  of  dideibin  i/iin  m  H-0,  with  the  corresponding 

anhydrides;  thus,  but^^ra-dulmtan  C^*H"0'-^ip^^J^iJ]*s|  0*  *»  Cm^«0^0*H"0\ 

They  are  prepared  by  heating  dulcite  with  acida  in  sealed  tubes,  maintaining  the 
tempenituro  for  some  time  at  lOO'^C,  or  more  easily  By  raising  it  to  200^ — 220'*. 
The  fused  mass  is  mLied  with  excess  of  a  strong  solution  of  carbonate  of  sodium  and  a 
little  camttie  pot:isb,  then  rflpeat-edly  exhausted  with  ethpr ;  the  ethereal  Bolution  is 
digested  with  animal  chiircowl ;  and  the  Ii  If  rate  evaporated  oTer  the  water-bath.  If  the 
residue  is  atiii  not  quite  neutral,  it  most  be  again  treated  with  carbonate  of  aodium 
and  ether. 

^*«*<?rf«7ci7««,  C»H»0' t=^/^f^^^^^  of  the  consistence  of 

ttirpentine,  decomposed  by  boiling  with  a  mixture  of  alcohol  and  hydrochloric  acid, 
3'ielding  benzoate  of  ethyl;  by  hydrate  of  calcium  into  benzoate  of  calcium,  and  a  mix- 
ture of  dulcit-e  and  didcitan. 

Butytoduleitan,  C^H^^O'  ^  ^j^^^J^CIo^—Colonrless,  Tifldd  oil,  having  a 

hittCT  and  buttery  taste ;  neutral,  sparingly  soluble  in  water,  easily  in  absolnte  alcohol 
and  in  ether.  Boiled  with  alcohol  and  hydrochloric  acid,  it  yields  dolcitaii  and  butyric 
ether. 


Closely  resembles  monostearizi,  both  in  its  physical  and  in  ita  chemi- 


se <f  a  r(»<ffirt<f7iin.    a.  Neutral, 

tttliiue,  ueulml 
cal  characters. 

k  Acid.   C"H'*^»«.  .f^^^^l''|0^— Obtained  by  heating  dulcite  to  220«  C.  with 

n  largo  excesit  of  stearic  acid.     It  is  whit^^  neutral,  and  very  much  like  tristeatin. 

J^WS^Ct-TAmTAMLO      JkQS3».       C**H«0'«    =     jjwj^^^I^'^\o\Cm*0',      Of 

2f  C^H^OtI  ^*  +  2W0,  (Berth  elo  t,  foe.  eif.)— Known  only  aa  a  calcium-salt,  which 
is  obtained  by  hcaf  ing  a  mixtiiro  of  equal  parts  of  dulcite  and  tartaric  add  to  100*^— 
120**  C-  for  five  hours  in  an  open  vessel,  triturating  the  resulting  glutinons  majw  with 
ehiilk  and  a  little  water  till  it  l^ecomes  neotrid,  then  filterings  precipitating  with 
alcohol,  and  purifying  by  ropeat^sd  soiution  in  water  and  precipitation  with  jilcohoL 
Tills  salt^  dried  in  vacuo,  has  the  composition  C'*H*''Ca-0'*  -»-  4uq.,  and  gives  off  its 
wuter  at  100^  C. 

+  H'O.  (Lnurent,  Corapt,  ebim.  1850,  p.  364;  1851,  p.  29.  — Jncqnelain, 
»A<'if.  1861,  p.  2L~Hiincfi*ld,  J.  pr.  Chera.  vii.  233;  ix,  47.— Eiebler.  Uehfr  dm 
Mtl(tmpi/nn,  Moskau,  1856 ;  Kep.  Cbim.  pure  ii.  103.  —  L.  Gilmer,  Ann,  Ch.  Pharm. 
exjtiii.  372. —  Erlenmeycr  and  Wanklyn,  Chem.  Soe  J.  xv.  46fi.)^A  sae* 
chatrino  substance  similar  to  and  isomeric  with  uiannito.  The  plant  from  which 
it  was  orignally  obtained  is  unknown.  It  w.is  ^mt  s^^ut  lo  Paris  in  1848  from  Mada- 
gascar, iu  lumps  more  or  lea,-*  rounded,  crystallised  Ibroughout  their  entire  maas^  and 
covered  externally  with  earthy  particlei?.*  It  i^  easily  purified  by  means  of  Ixiiling 
water,  the  filtered  solution  depositing  ciyHtuls  of  dulcite,  an  additional  quantity  ut 
which  separates  from  the  motber4iqnor  on  srAtidiug,  while  a  nearly  colourless,  uncrys- 
t4iUisable  synip  reraaina. 

Quite  recently  Gilmer  has  uhown  that  melamp^ttr,  the  sacelmrine  substance  oh* 
tained  by  Huncfeld  from  Mehmp^rum  nsmonauji^  and  by  Elchicr  froni  ScropkulaHa 
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no&ita  Md  RkinaMtJkvM  Cntta  Galli,  and  hitherto  reganlcd  as  C"/^'*0",  or  C'=H«K)", 
is  rftdly  identieal  in  composition  and  properties  with  duloite,  a  ro«ult  eonfirnud,  ho  far 
as  the  ciMnpcfiition  is  concerned,  bj  the  experiments  of  Krlennioyer  and  Wanklyn.  It 
is  convenient,  howeTer,  to  retain  the  name  mehunp^Tite,  to  indicate  the  origin  of  the 
salifttance. 

Prrparation  of  Melampyrite 1.  The  decoction  of  the  dried  liorb  of  Mc/ampf/nnn 

n^jhoroiu/n,  taken  at  the  flowering  time,  is  mixed  with  milk  of  lime  till  it  exhibitH  an 
alkaline  reaction,  then  boiled  np,  filtered,  concentrated  to  a  small  bulk,  and  acidulated 
with  hvdrochloric  acid.  On  cooling  and  further  crj-stallisation,  melampyritu  crystdliHi-H 
out,  and  may  easily  be  obtained  pure  by  reci^'staUisation  from  wat<^r  (E  i  c  h  1  •;  r). — 2.  Tlio 
dried  herb  is  boiled  with  water  containing  hydrochloric  acid ;  the  decoction  is  strained, 
mixed  with  milk  of  lime  till  it  exhibits  a  slight  alkaline  reaction,  then  concent  nit  4'd, 
whereupon  it  deposits  succinate  of  calcium ;  and  the  calcium-compound  of  mdampyrite, 
which  passes  into  the  filtrate,  is  decomposed  with  hydrochloric  acid  ;  it  then  dejiOHits 
crystals,  which  may  be  purified  by  recrystallisation  (Eichler). — 3.  lliinefcld  evapo- 
rates the  decoction  to  a  S3rrup,  and  leaves  the  melampyrite  to  crystallise  out ;  removcH 
from  the  mother-liquors  the  substances  precipitable  by  neutral  and  basic  acetate  of 
lead,  and  the  excess  of  lead  by  srdphydric  acid ;  and  again  evaporates.  Eichler,  inntt^ad 
of  proceeding  in  this  manner,  precipitates  the  decoction  with  neutral  acetate  of  lead, 
boils  the  filtrate  with  lead-oxide,  removes  dissolved  lead  by  sulphydric  acid,  and  evai>o- 
rates. 

PropcrCifS. — Dulcite  (from  Madagascar)  crj'st^illises  in  colourless  highly  luHtrous 
prisms  of  the  monoclinic  system,  having  their  obtuse  edges  symmetrically  tnincat<Hl,  to- 
gether with  the  octahedral  and  basal  end-faces.  ooP .  oopoo .  +  P .  — P  .  oP.  Ini-lination 
of  xP:  ocP  «  112°;  +P  :  -P  =  115°  26';  ocP  :  +P  =  134°  42'  (Laurent). 
31elampyrite  (from  Mdampyrum  ncmorosum)  cr}'stallif»c8  from  m()dt*rat4'ly  wanii 
aqueous  solution  in  transparent  colourless,  shining,  monoclinic  i)risms,  witli  octahedral 
summits,  the  faces  of  which  are  truncated  by  an  orthodiagonal  dome.  <xl» .  -f  I* .  —  I* . 
-rPx  .  -Poo.  Inclination  of  ooP  :  ocP  =  112°;  +P  :  -P  -  115°  45'; 
«P:  +P  =  134*5°  (Gilmer).  The  crystals  from  both  sources  are  UMually  agirre- 
pared  in  crusts.  Both  are  inodorous,  have  u  slightly  sweet  taste  and  neutral  reaction, 
and  are  destitute  of  optical  rotatory  power. 

Didcite  dissolves  in  31  pts.  water  at  15° 0.  (Gilmer);  melampyrite  in  25*5  pts.  of 
water  at  15°  C,  easily  in  boiling  water  (Eichler);  in  29-41  pts.  water  at  1(j°0. 
(Gilmer);  in  34'41  pts.  at  16-5°C.  (Erlonmeyor  and  Wanklyn).  IJoth  are  but 
slightly  soluble  in  alcohol,  even  at  the  l>oiling  heat,  in  which  respect  they  dilTer 
e!«**;ntially  from  mannit«.  Melampyrite  is  slightly  soluble  in  acttotw^  wood-Mjiint, 
chloroform^  and  acetic  ether. 

Dulcite  melts  st  about  190°  C.  (Laurent),  at  182°  (Jacquelain);  melainpyrit** 
at  186°  (Eichler),  at  180°  (Gilmer). 

The  identity  in  composition  between  dulcito  and  melampyrite  is  shown  by  th«  fol- 
bwing  analyses :  — 

DtUcile.  ^fflampffritf. 

CicuUUia^  llurent.  JacqueUin.  ^^  ^^;Z^. 

C«       .         .12  39-66  39-20  39*69  39*6           39'3:i 

H"     .        .14  7-69  7-61  7-70  7*9            7'90 

()•      .         .96  52-76  63-19  62*61  52-5           52*77 


C"H»*0«  112         100-00         100-00         100-00         lOO'O         lOO-OO 

Eichler  found  in  melampyrite  37*79  per  cent,  carbon  and  7*83  hydrogen,  wlpiire  ho 
deduced  the  formuLi  C//**©'*  [or  C«H'*0«  +  ^n=0].  The  substan**!  aualyM.-d  waH 
perhaps  not  thoroughly  dried. 

Deccrmpontions. — 1.  Dulcite  heated  to  200°  C.  gives  off  water,  and  is  coriverti'd  into 
dulcitan  (p.  348)  i  at  275°  C.  it  decomposes  and  gives  oif  carbonic  oxi<le  without  iinu-h 
colouring,  and  at  higher  temperatures  gives  off  large  quantities  of  gas,  Hmelling  of  aci-tir 
acid  and  acetone,  and  distils  without  residue  (Laurent,  Jacquc^l  a  i  n).  Mrlariipyrito 
j>egin8  to  decompose  at  180°  C.  (Eichler),  at  275°  (Gilmcrj.-  2.  l)ul(it<-  in  nolution 
is  slowly  decomposed  by  chlorine^  yielding  an  acid,  the  bariuni-salt  of  whi<'h  is  sohibje, 
but  not  ciystalhsable.  —  3.  Dulcite  brnled  with  vitric  acid  is  eonvertrd  into  niiieic, 
oxalic,  and  racemic  acids  (Laurent;  Carlet,  Compt.  rend.  li.  \'M  \  liii.  313).  iM«- 
lampjTite  treat t»d  in  like  manner  yields  nmcic  and  oxali(!  a<!i<ls  ( K i c h ler,  < J  i  I  >» <• »")  j 
the  formation  of  racemic  acid  was  not  ol>Her\'e<l,  probably  becauH<<  thequmitify  oprnititl 
apon  was  insufficient  (Gilmer).  —  4.  Finniufj  iiitric  arid  cunvfrtH  diil<'i'<*  i»^"  ,  V 
nitrodulcite  (see  below).  Melampyrite  treat«'d  with  a  niixtun*  of  ///7r/'- and  «w^ 
phuHc  acid*  aLw  yields  a  nitro.comxwun«l.— 6.  Dulcite  and  uh  lanipyrif**  !»«'>'»  o>mho1v« 
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ill  strong'  sulphuric  acitl^  and  oa  heatinp;  f.ho  soluHon  an  acid  ia  fijnuttdf  Hhieh  yields  a 
iKJluble  buriiim-sdlt  (Laurent,  Eichler)*  — 6,  Melami}yrite  heiit^  with  ht/driodie 
add  in  «n  atmosphere  of  carbonic  ucid  yields  iodide  of  liexylt  together  with  water 
•nd  free  iodine  (Erlounioyor  ajid  Wauklyn): 

C»H»*0^  +  IlHI  ^  CH"!  +  GH»0  +  r». 

7.  Dolcite  ia  not  decomposed  by  dilttt<^  potash  ;  but  when  heatad  with  stroDg;  potash^ 
hyt  it  is  convert4?d  into  a  thick*  "ympyi  eolourless  nia«»,  the  solution  of  which  is  ncifc  \ 
pr»'cipitatesi  by  alcohol. — 8.  Dulcitt*  hoalod  with  butyric^  bcfitatCf  or  stmrie  add  to-j 
2u0'^  C.  ia  couvurted.  with  eliminntion  of  wntev^  icto  compounds  called  dulcitanidet  j 
(p.  3 18),  analogous  to  the  mumii  tun  ides,  which  are  dccomposc^l  by  water  into  duldtaa  j 
and  the  aciii,  and  by  alcohol  into  duldtan  and  the  corresponding  ether.   (B  erth  elo  t,)  ( 

MelarapjTitL*  is  not  decomposed  liy  boiling:  with  dilute  acids  or  alkalis,  or  by  potassio- 
enpric  tartrate.     It  is  not  altered  by  boiling  with  dilute  sulphuric  acid  and  acid 
dmTimatp  of  potiiitBiunij  and  when  mlxixl  with  potash  does  not  reduce  mercuric  oxid«i.  i 
(Eiehhtr.) 

y .  Noi  th  cr  dulci  te  nor  melatn  p^Tito  fHerra ents  wi  tb  t/mst  ( J  a  c  q  u  e  1  a  i  n,  E  i  c  h  1  e  r,*  I 
Gilmer),     Dulcit^  loft  for  some  weeka  at  40*^  C.  in  contact  with  chalk  and  chfrsr^ 
is  resolved,    like  mannite,  into  alcohol,  lactic  acid,   and   butyric   lund ;   in   contact 
with  ttuiticidar  tissue,  it  forma  a  peculiar  augar,  (Berthelot^  Ann*  Ck  Phys.  [3]  L  348^ , 
872,) 

Buh'itateg.  —  ThoBQ  compounds  are  formed  by  the  substitution  of  metola  fori 
portion  of  the  hydrogen  in  dulcite  or  melampyrite.     Thos«  containing  thk  alkali-  and 
iilkaline-oarth-metala    are    aoluble  in  water,    tho  lead-  and   coppt^r-com pounds   ai« 
insoluble.  Tho  aqueous  solution  of  dulcite  or  melampyrite  docs  not  precipitate  metallie  I 
salts. 

Ammiyniiim-salt.  —  Mclampyrite  cryatanises  unalt^jred  fo>m  aqueous  ammonia  or 
aft-er  being  heated  with  it  to  120*^  C. ;  but  when  nitTomelampyrit«  (see  above)  ia  do- 
CompoHcd  by  sulphide  of  ammonium,  or  when  th©  barium-  or  calcium-compound  of 
melampyrito  is  decomposed  by  carbonate  of  ammouiai  the  concentrated  flitmte  yields 
tmnKparcnt,  colonrleasn,  rectangular  prisms,  which  have  an  alkaline  reaction,  do  not 

ffive  otf  ammonia  at  lOu^  C^  but  become  carbonised  at  higher  temperatures,  with 
OSS  of  ammonia,  and  without  previous  fusion,  and  are  decomposed  by  acids  into 
melam[>yrite  and  an  ammonia-salt.  These  crystals  are  easily  soluble  in  water, 
(Eichlcr.) 

Barinm-compc^wd.  C^Wmiv'O*  +  SmO  or  C*H»*0*.Ba!fO  +  7H*0.— Wlien  dttloit* 
or  melarapyrite  is  heated  with  water  and  haryta-crystuls,  a  clear  solution  is  formed, 
whicli  on  cooling  deposits  prismatic  crystals.  Eui^ily  soluble  in  warm  water,  less 
soluble  in  alcohol,  which^  however,  does  not  precipitate  the  aqueous  eohition.  The 
crystals  giv«  off  27  4  per  cetit.  water  at  IJiP  C.-,  and  contain  297  per  cent*  barium, 
agreeing  with  the  formula  C*H'^n".Ba"0  +  7  aq*  which  requires  27 '33  water  and 
2971  barium  (Laurent).  According  to  Eichler,  they  (five  off  26*73  pi?r  cent,  water. J 
at  120^  C,  and  contain  28'fl  per  cent  barium,  whcuco  he  deduces  the  formnltt^ 
(P*lP^O^\2BaO  +  l^HO  (ealc.  2678  water  and  2&16  barium).  It  was  douhtlMi 
tlii^  same  aa  Laurent's  compound,  the  two  formulae  differing  indeed  only  by  SO  ot 

Cithtum-compound,— Aqueous  melampyrite  dissolves  lime, 

GyppfT-componiid, — Melampyrito  boUetl  with  cupric  Hulphate  and  potash  yields  a 
clear  blue  solution.  From  aqueous  meJampyrito  an  ammoniacal  solulion  ofcuprio 
Hulpbuto  throws  down  a  light  bhio  precipitate,  whioh.  after  waithing  with  weak 
aqueous  ammonia^  turns  green  at  100^  C,  and  contains  56  25  jjct  cent,  cupric  oxide, 
agreeing  ther«"fore  with  the  formula  {7"i/'*Q".CV0,  which  requires  £6*49  per  cent 
C«0  (Eichler),  prt^bably  C«H*='CiiO«  +  H»0. 

Lcmi-SiiH.  -  Aqueous  solutions  of  duleito  and  melampyrito*  are  not  precipitated 
by  acetate  of  lead  either  neutral  or  baeic  IVom  an  amiiioniacal  soJution  of  ths 
neutral  acetate,  aqueous  melampyrito  throws  down  a  white  precipitate  which, 
after  drying  at  10{)°  C.  in  a  stream  of  hydrogen,  contains  77*08  per  cent,  1^0, 
auKwerin^^  to  the  formula  6Wi'*t>".6K'0  (calc,  77  84  FbQ)  (Eichler):  probably  ' 
C«H'*rb»0\2Pb^0  +  aq. 

Fotamium-iiiH.—W^Tm  alcoholic  potash  dissoWes  melampyrit&r  and  tho  solution 
when  left  to  iteelf  depoaits  needles  which  have  a  cauBtic  alkaline  tast^,  ar©  eaaily 
soluble  in  watxr,  absorb  water  and  carbonic  acid  from  the  air,  and  arm  coo  verted  into 
a  mixture  of  molampyrite  and  carWrnate  of  potasaiuiii.     (Eichlcr.) 

Sodium-xitN, — Sm*ill  flat  nuedlca  rvacmbUng  the  potaaaium-aait,  but  loss  salnble  io 
alcohol.    (Eichler.) 
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Nitro-derivativ€8  of  Didcite. 

Hexnitboduloth,  C«H«N«0"  -  C«H«(N02)«0«.— A  solution  of  dulcite  in  6  pts. 
fuming  nitric  acid  is  mixed  with  10  pts.  oil  of  vitriol,  and  tho  mixture,  which  becomes 
turbid,  is  immediately  thrown  into  a  large  quantity  of  water.  Tho  semifluid  preci- 
pitate solidifies  slowly  to  a  buttery  mass,  which,  after  washing  with  water,  may  be 
crj-staUised  from  alcohol.  It  forms  beautiful,  colourless,  flexible  needles,  which  melt 
between  68<^  and  72®  C,  give  oflf  nitric  acid  vapours  continuously,  and  are  in  the  end 
wholly  converted  into  tetranitrodulcite.  Wlien  heated  to  90°  C.  it  is  converted,  with 
regular  emission  of  red  vapours,  into  a  pasty  mass,  and  then  into  a  hard,  friable,  whitd 
acid  product.     (B^ champ,  Compt.  rend.  li.  257.) 

TETBANrrBODULCTTK,  OH'*N'0"  -  C«H'»(NO«)<0«.— Ilexnitrodulcite  is  com- 
pletely converted  into  this  compound,  without  alteration  of  crystalline  form,  by  tiie 
spontaneous  decomposition  which  it  undergoes,  with  evolution  of  nitrous  vapours, 
when  kept  for  a  month  between  30®  and  46®  C. 

Tetranitrodulcite  forms  needles  hartler  and  less  flexible  than  those  of  hexnitro- 
dulcite,  and  cr^'stallises  from  alcohol  in  beautiful  translucent  prisms,  melts  to  a  pasty 
mass  at  130®  C,  completely  at  140®,  and  gives  off  red  fumes  at  146®. — It  is  reduced  by 
ferrous  salts  and  forms  a  non-ciystallisable  syrup,  probably  dulcitan.  (B 6 champ, 
loc.  cit.) 

Ihadsnlpliniio  Aold.  Mdampyro-sulpkuric  acid. — Melampyrite  dissolves  in 
strong  sulphuric  acid ;  and  the  solution  diluted  with  water,  saturated  with  carbonate 
of  lead,  filtered  from  sulphate  of  lead,  and  decomposed  by  sulphydric  acid,  then 
filtered  from  the  sulphide  of  lead  and  evaporated,  yields  melampjTO-sulphuric  acid  in 
the  form  of  a  syrup  which  has  a  faint  yellow  colour,  a  sour  and  bitter  taste,  and 
carbonises  when  heated,  with  evolution  of  sulphurous  anliydride. 

Barium-salt  Obtained  by  neutralising  the  acid  with  carbonate  of  barium  and 
evaporating  the  filtrate  at  a  very  gentle  heat  In  the  moist  state  it  is  a  mass  having 
the  consistence  of  turpentine  ;  after  drying  in  vacuo,  it  forms  a  transparent  gum,  which 
dissolves  in  water,  is  precipitated  by  alcohol,  and  decomposes  at  100®  C.  According 
to  Eichler's  analysis,  it  contains  36*46  per  cent,  baryta,  and  37'79  sulphuric  anhydride, 
whence  he  deduces  the  formula  C«l?'«/?a»0».6/S0»  (calc.  3626  BaO  and  37*86  SC^)\ 
probably  OH' •Ba'O'.SSO*. 

The  calcium-salt  resembles  the  barium-salt,  but  is  not  precipitated  by  alcohol  from 
its  aqueous  solution.  The  solution  does  not  precipitate  acetate  of  lead,  mercurous 
nitrate,  or  nitrate  of  silver.     (Eichler.) 

Similar  results  arc  obtained  with  duloito  (p.  349). 

BV&C08B.    Syn.  with  Dulcite. 


Pyroacetic  oil.  C*H''0. — A  volatile  oil,  isomeric  with  oxide  of 
mifityl,  obtained,  together  with  acetone,  by  the  destructive  distillation  of  acetates.  It 
was  discovered  by  Kane  (Pogg.  Ann.  xliv.  494),  who  assigned  to  it  the  formula 
C**H*0,  further  examined  by  Heintz  (ibid.  Ixviii.  277),  who  regarded  it  as  identical 
with  oxide  of  mosityl,  and  afterwards  by  Fittig  (Ann.  Ch.  Pharm.  ex.  21),  who 
confirmed  Heintz's  formula,  but  showed  that  dumasin  is  not  identical,  but  only 
iwmeric,  with  oxide  of  mesityl. 

Dumasin  cannot  be  completely  separated  from  the  acetone  which  accompanies  it  by 
fractional  distilhition.  Heintz  obtains  it  by  distilling  2  pts.  acetate  of  lead  with 
1  pt.  lime ;  agitates  the  distillate  repeatedly  with  water,  to  remove  acetone ;  dries  it 
over  chloride  of  calcium ;  then  decants,  and  boils  it  for  some  minutes  in  contact  with 
the  air ;  distils  till  the  boiling-point,  wliich  is  130®  C.  at  first,  rises  to  200®,  a  blackish 
tar  then  remaining ;  and  again  distils,  separating  tho  more  volatile  portion,  which  is 
pure  dumasin. 

Dumasin  is  an  oil  boiling  between  120®  and  125®  C,  lighter  than  water  and  insoluble 
therein,  but  dissohing  in  alcohol  in  all  proportions.  It  forms  crystalline  compounds 
with  the  acid  sulphites  of  the  alkali-metals,  whereby  it  is  distinguished  from  oxide  of 
mesityl.    The  sodium-salt  contains,  according  to  Fittig,  C*H'NaSO*  +  3  aq. 

Strong  nitric  acid  converts  dumasin  into  oxalic  acid  ;  the  dilute  acid  scarcely  acts 
upon  it.  Dumasin  distilled  with  hydrochloric  acid  and  peroxide  of  manganese  yields 
a  colourless  chlorinated  oil,  C*H'CPO,  heavier  than  water,  boiling  between  160®  and 
156®  C,  not  capable  of  uniting  with  acid  sulphites  of  alkali-metals. 

BUBKASZTS.  Delesse*s  name  for  a  mineral  found  in  the  Vosges,  in  green  scales 
resembling  chlorite.     (Dufr6noy,  Traite  dc  Mineralogir^  iii.  790.) 


BUMJUU]«&ZJL.    Tlio  root  called  7?^/^'  del  Pipitcahuac,  used  in  Mexico  as  a 
pm^tiye,  is  obtained  according  to  Ramon  dela  Sagra  (Compt.  rend.  xiiL  878, 
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1072)  from  Dttmrritfrn  HuvMJtif,  Lcs8.     It  cont^iins  a  p^'culiar  acid  called  bj  him 
fiolozic,  by  Weldt{Anii.  Ch,  Plmmi.  xcv.  188)  pipitzftboic  ucici 

OTSZXro,  Thw  art  of  dyeing  consistB  in  fljting  upon  elotb  of  yiiriooB  kinds 
any  colours  Ibat  may  be  rtHiuircd,  in  such  a  matinGr  that  tht»y  fihall  not  he  {iiuii]y 
altered  by  tJiose  wgeota  ta  which  tlie  t-loth  vAVi.  most  probably  be  exjios^. 

The  most  romarkablo  general  fact  in  th<s  tirt  of  dyoing  consists  in  tlio  difiercnt 
degroeH  of  facility  with  which  xinmial  and  Tcfjjf^tuble  snbstanccM  attract  and  retain 
colouring  matter,  or  rather  tho  d*^ffreo  of  fiicility  with  which  the  dyer  finds  he  ctin 
tinge  them  with  any  int<2nded  colour.  The  chief  materials  of  stuff  to  be  dycnl  ar*?» 
wool,  silk,  cotton,  and  Unen,  of  which  the  former  two  lire  more  caaiJy  dyed  than  the 
latter.  This  boa  been  usually  attributed  to  their  greater  attraction  to  the  tingeing 
matter. 

Wool  ia  naturally  so  mnch  dinposed  to  comhino  with  colonring  matter,  that  it  rcqmi 
but  little  preparation  for  the  immcdiiit«  procejs^ea  of  dyeing,  nothing  more 
reqairt^d  than  to  cleanse  it,  by  acoiiring,  from  a  fatty  substance,  cuOed  the  yolk,  wl 
IB  contained  in  the  iHcece.     lor  this  purpose  an  alkaline  liquor  is  ncce>k*ary;  but 
idkalin  ijijnre  the  tcittiro  of  the  wotd,  a  very  weak  solution   may  be  nnvtl ;   if  moi 
alkali  were  present  than  w  siifficient  to  conrert  the  yolk  into  aoap,  it  would  attack  the' 
wool  it^ell     Putrid  urine  is  then'fore  generally  uaed,  aa  being  cheap,  and  containing 
A  Tolatile  alkali,  which^  uniting  with  tho  greajie,  rendoru  it  soluble  in  water. 

Silk,  when  taken  from  the  cocoon,  ia  covered  with  a  kind  of  varnish,  which,  becunim 
it  does  not  easily  yield  either  to  water  or  alcoliol,  is  usually  &aid  to  he  soluble  in, 
neither.  It  is  thereforo  usual  to  boll  the  silk  with  an  alkali,  to  diBongage  this  maU»^r«j 
Mnch  care  is  necessary  in  this  operation,  because  the  silk  itself  is  easily  corr^xlod  oRj 
disiviloured  Fine  soap  is  comm^oidy  used,  but  even  this  is  said  to  be  detrimental ; 
and  the  whit<^  China  silk,  which  is  supposed  to  be  prepari'd  without  soap,  has  a  iustro 
superior  to  that  of  Eiu-ope,  Silk  loiies  abont  one-fourth  of  its  weight  by  being 
deprived  of  its  Tarnish.     (See  BLEACHrao.) 

The  intention  of  tho  prevnons  preparations  se^ms  to  be  of  two  kinds.  Tho  first,  to 
rendi^r  the  stuff  or  material  to  be  dyed  as  dear  as  jxtssible,  in  order  that  thf  aqueous 
fluid  to  be  aficrward  applied  may  bia  imbibed,  and  its  contents  adhere  to  the  minuto 
internal  surfaces,  Tho  second  i»,  that  the  stuff  may  be  rendeivd  whiter  and  more 
capable  of  reflecting  ttio  light,  and,  coDsequently^  euabHng  the  colouring  matter  to 
exhibit  more  brilliant  tints, 

Substances  which  servo  to  fix  colouring  matt^^rfl  on  vegetable  or  animal  f:ibrics  ara 
called  mordants.  An  essential  qnality  of  a  mordant  is,  that  it  be  soluble  in  water; 
the  mordants  most  frt'^ucntly  used  are  the  solutions  of  certain  metallic  salts, 

A  mordant  acts  either  by  forming  an  insoluble  compound  with  the  colouring  matter, 
which  com|>ound  ia  precipitated  on  or  within  the  fibre,  or  by  modifying  the  surface  of 
the  fibre  in  such  a  manner  as  to  enable  it  to  retain  the  colour. 

The  decoctions  of  many  dye-stuflfe,  aa  well  as  l!io  solutions  of  the  pure  colouring 
matters  prepared  from  themj  form  i^ith  certain  saline  solutions  coloured  precipitAtes 
called  lakes,  consi»ting  of  tlio  colouring  matter  combined  with  tlie  base  of  the  salt* 
Many  of  these  lakes  ore  prepared  on  the  large  (K^ale  and  used  aa  pigments.  The  salta 
chiefly  used  for  their  preparation  are  the  salta  of  aluminiimi  and  the  stannic  salt^; 
the  oxides  precipitated  from  these  salts  being  colourless,  the  lakes  which  tliey  produce 
take  exactly  the  tints  of  tho  cfdouring  matters  used.  Ferric  salts  are  uisc*  uj<«'d 
for  the  preparation  of  lakes,  but  the  precipitates  which  they  form  differ  conjivderably 
in  colour  from  tlie  colouring  matters  used,  being  for  the  most  part  of  duller  liue. 

In  the  aluminic,  staniiic,  and  ferric  salts,  the  base  and  aeiJ  are  held  together  by  a 
comporatively  fe<*ble  affinity,  ho  that  the  precipitation  of  tho  base  by  a  colouring 
matter  is  generally  effcctc'd  without  much  difficulty.  This  however  depends  u[>on  a 
variety  of  circumstances,  among  which  the  nature  of  the  acid  is  of  considerable 
imfiortance;  acetiite  of  aluminium  or  ferric  acetate,  for  example,  is  much  more  easily 
decomposc<l  by  coloxiring  matters  than  the  corres|>onding  sulphate.  Hence  a  mixture 
of  alum  with  acetate  of  lead  \b  often  used  as  a  mordant.  Precipitation  is  ofttui  greatly 
accelerated  by  heat;  many  mixtures  of  metallic  solations  with  colouring  matters, 
which  remain  clear  in  the  cold,  yield  precipitates  on  l>oiling»  In  many  cnsi'S,  how- 
ever, the  addition  of  a  precipitant  is  necc'ssaiy  to  produce  the  required  decomposition; 
tlius  a  aolution  nf  alum  mixed  with  certain  colouring  matters  remains  dean  hwi  on 
adding  an  alkali,  a  precipitate  is  formed  consisting  of  an  alumina  lake.  By  this 
tnaanik  lakes  may  be  formctl  from  inetallic  solutions,  which  would  not  yield  them  with 
colouring  matters  alone,  snch  as  salts  of  magneiiia,  zinc^  lead,  and  mercury. 

The  formation  of  insoluble  lakes  is  the  principal  function  of  the  mordjints  nsed  in 
dyeing  and  calicoprinting :  nevertheles*  the  nunituT  of  metallic  salts  that  can  l>e  used 
as  moniaiits  ia  much  smaller  than  that  of  the  salts  which  are  capable  of  forming  lake*, 
because  the  applicability  of  any  salt  a«  a  mordant  depends  also  on  the  effect  whit'h  tho 
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iftline  Bolution  produce*  on  the  fibre  to  be  dyed,  and  on  the  behaviour  of  the  fibre 
saturated  with  the  mordant  in  the  subsequent  stages  of  the  process. 

Metallic  salts  are  sometimes  separated  from  their  solutions  by  animal  or  vegetable 
fibres  immersed  in  them  and  deposited  thereon  without  decomposition.  Wool  or 
silk  immersed  in  a  solution  of  alum  takes  up  a  considerable  quantity  of  the  salt 
without  decomposing  it,  so  that  the  alum  may  be  afterwards  dissolved  out  by 
boiling  wat^r,  tnough  only  after  being  treated  therewith  ten  times  or  more  in  suc- 
cession. Linen  and  cotton  likewise  take  up  alum  from  its  solution,  but  only  in  very 
small  quantity. 

The  direct  separation  of  a  salt  from  its  solutions  by  organic  fibre,  ia  however  of 
much  less  importance  in  dyeing  than  the  decomposition  of  the  salt  into  an  acid  and 
a  basic  salt,  and  the  precipitation  of  the  latter  on  and  within  the  fibre  while  the  former 
remains  in  solution.  Stannic  chloride  is  resolved,  by  boiling  its  aqueous  solution,  and 
under  other  circumstances,  according  to  the  mode  of  its  preparation,  into  hydrochloric 
acid  and  a  precipitate  of  stannic  hydrate.  Easily  soluble  ferrous  salts  are  converted,  by 
absorption  of  oxygen,  into  insoluble  basic  ferric  salts,  which  also  attach  themselves  to  the 
fibre.  Aluminium-salts  containing  weak  acids,  such  as  the  acetate,  are  easily  converted 
into  sparingly  soluble  basic  salts,  either  by  the  evaporation  of  a  portion  of  their  acid 
on  exposure  to  the  air  (as  with  the  acetate),  or  by  precipitation  with  the  aid  of  heat. 
It  is  this  disposition  to  form  basic  salts,  added  to  the  tendency  of  the  bases  to  unite 
with  colouring  matters,  that  renders  the  salts  of  aluminium,  tin,  and  iron  so  peculiarly 
adapted  for  the  fixing  of  colouring  matters.  Other  substances  are  however  used  as 
moidants,  viz.  soap,  acids,  albumin,  gluten,  tannin,  &c. 

It  is  evident  that  when  a  mordant  is  applied  over  the  whole  surface  of  a  fabric,  and 
this  is  afterwards  immersed  in  a  dye-bath,  it  will  receive  a  tint  all  over  its  surface ; 
but  if  the  mordant  is  applied  only  in  parts,  the  colour  will  be  fixed  on  those  parts 
only.  The  former  process  constitutes  the  art  of  dyeing,  properly  so  called ;  the  latt4jr 
the  art  of  printing  colours  on  stuflfs,  usually  called  calico-printing.  To  produce  this 
topical  fixation  of  the  colour,  either  the  mordant  is  first  applied  to  the  entire 
surface,  and  then  removed  in  parts  by  the  application  of  a  suitable  solvent ;  or,  more 
frequently,  the  mordant  is  mixed  with  a  thickening  material,  such  as  gum,  starch, 
paste,  albumin,  &c.,  and  printed  on  the  parts  which  are  to  take  the  colour ;  or  thirdly, 
the  mordant,  thickening  materials,  and  colouring  matter,  are  mixed  and  printed 
together  on  the  cloth. 

The  mordant^  cloth  has  to  be  submitted  to  certain  preliminary  operations  before  it 
is  ready  for  dyeing, —  first  to  fix  the  mordant  on  the  fibre,  and  secondly  to  remove 
superfluous  mordant.  For  fixing  the  mordant  the  chief  agent  employed  is  heat,  which,  as 
already  observed,  facilitates  the  separation  of  the  base  of  the  mordant  from  the  acid. 
Cotton  goods  are  subjected  to  a  treatment  called  "  ageing,"  which  formerly  consisted 
in  hanging  them  up  for  several  days  in  a  warm  room,  whereby  the  acetic  acid  of  the 
mordant  was  volatilised,  and  in  the  case  of  iron  mordants,  the  iron  was  brought  to  the 
state  of  sesquioxide.  The  change  is  now  however  much  more  quickly  effected  by  the 
joint  action  of  heat  and  moisture,  the  pieces  of  calico  being  passed  over  and  under  a 
series  of  rollers,  in  a  narrow  room  into  which  a  small  quantity  of  steam  is  suffered  to 
issue,  the  temperature  being  kept  at  80°  to  100°,  or  rather  more,  of  Fahrenheit,  by 
means  of  steam  pipes.  The  aqueous  vapour  perhaps  acts  by  facilitating  the  volatilisa- 
tion of  the  add. 

The  removal  of  the  unfixed  or  superfluous  mordant  (and  thickening  matter  in  the 
case  of  printed  goods),  is  a  very  important  operation,  as  the  excess,  if  suffered  to 
remain,  would  consume  to  no  purpose  a  certain  portion  of  the  dye-stuff",  and  moreover, 
in  printed  goods,  it  would,  on  immersion  in  the  dye-bath,  spread  itself  over  the  ground 
or  unprinted  portion  of  the  surface,  and  cause  it  to  take  up  the  colour  when  it  ought 
to  be  left  white.  The  cleansing  is  effected  sometimes  by  simple  washing  in  water, 
either  hot  or  cold ;  this  is  especially  the  case  with  fabrics  which  are  to  receive  a 
uniform  colour,  and  do  not  require  the  mordant  to  be  dried  before  dyeing.  For 
printed  stuflfs  this  simple  washing  will  not  suffice ;  for  the  superfluous  mordant,  as  it 
dissolved  in  the  water,  would  be  likely  to  impregnate  the  ground  and  render  the 
pattern  indistinct  Hence  it  is  necessary  to  wash  the  piece  with  a  solution  which  will 
at  once  decompose  the  superfluous  mordant.  This  is  effected  by  various  means,  viz. 
by  the  chalk-bath,  bran-bath,  cowdung-bath,  &c.  Chalk  acts  simply  by  precipitating 
the  alumina  or  other  oxide  in  the  mordant.  The  action  of  cowdung,  which  is  especially 
used  for  madder  goods,  has  been  ascribed  to  a  peculiar  acid,  also  to  phosphates, 
silicates,  and  other  salts.  That  the  latter  is  the  more  correct  view  is  proved  by  the 
£fu*t  that  the  dung-bath  is  now  almost  wholly  superseded  by  the  solutions  of  certain 
salts,  viz.  the  double  phosphate  of  soda  and  lime,  arsenite  and  arsenate  of  soda,  and 
silicate  of  soda, — all  of  which  act  by  precipitating  the  base  of  the  mordant  in  the  form 
of  an  insoluble  salt  which  will  not  unite  with  the  colouring  matter  or  with  the  fibre. 
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The  inaDiipr  in  which  eoloonng  matU*fs  ftre  fixed  on  organic  Hhrcs  hj  meang  cf 
monlants  is  well  iJiu»triikHl  by  the  following  observations  of  W  a  It  e  r  C  r  a  m  (Cheio.  Soe 
J..  xtjL  ivi*  Jiin.  1860)  on  the  dyi'ing  of  cotton. 

When  ripe  cotton  fibre,  wliich  coueiflta  of  an  aggregate  of  fine  cylindrical  tiibeSi  in 
immersMt  m  a  solution  of  ffrrie  acetat**,  a  portion  of  the  sohition  cntcra  the  tabes^  and 
on  ffttbBeqnent  eiposnre  to  a  warm  moist  atmosphere,  the  acetic  acid  evaporates  aod 
oxide  of  iron  is  depositod  Ts-ithin  the  flbre ;  when  the  cotton  thus  mordanted  is  im- 
mepsed  in  a  madder  ljath»  a  portion  of  the  solution  enters  the  fibre,  and  the  colouring 
TnutNr  imitt'S  with  the  oxide  of  iron.  A  similar  action  takes  place  when  acetate  of 
ahtmiiia  is  used  as  the  mordaiit.  When  the  cotton  is  first  imraeraed  in  subacetate  of 
leacl  an<l  then  exposcnl  t^  moist  warm  ttir,  a  deposition  of  oxide  of  Imd  taken  place 
within  the  libre,  and  oa  »ub»«cjiiently  dipping  it  in  a  solutioo  of  cliromate  of  potaniam 
a  yellow  deposit  of  ehroniiite  of  Jcad  is  obtained.  In  like  manner,  by  first  steeping 
the  ejitton  in  a  sohifion  of  tannin,  then,  after  exposure  to  th©  air,  in  a  ferric  safi^  a 
bla<'k  |>ft»eipitate  of  ferric  fann;ite  is  formed  within  the  fibre.  A  piece  of  dyed  cotton 
may.  in  fiict^  be  described  as  a  set  of  colourlesa  btigs  containing  coloured  substoncas, 
ami  in  so  far  resembling  the  natural  colours  of  Oowers. 

Cotton  fibre  in  the  niiri|je  state^  in  which  it  has  the  appearance  of  flattened  bladw^ 
but  rpally  consifits  of  flattened  titbes  with  extremely  narrow  bore,  is  impenrioufl  to 
btjuidi,  and  therefore  will  not  take  a  dye.  Such  cotton  is  call<>d  dead  cotton. 
White  fibres  coneisting  of  it  may  frequently  bo  ob«erTed  in  the  middle  of  the  eolourvd 
portions  of  printed  culieoes. 

Various  methods  are  resorted  to  for  forming  prtMnpitateis  within  the  fihr^.  Some* 
times  the  fibre  in  first  made  to  al«orb  tannin,  Vheo  treated  wilJi  an  acid  solution  of 
tin  ;  in  this  manner  a  proeipitat**  of  t^innate  of  tin  is  formed  within  the  fibre,  which 
forma  a  goo<l  mordant  for  Lima  or  Brazil  wood.  When  cotton  is  soaked  in  a  cold 
weak  solution  of  oxychloride  of  tin,  or  better  in  a  mixture  of  stannous  and  stannic 
chlorides^  and  then  immersed  in  basic  ferric  chloride  or  nitmte,  u  hu^  quantity  of 
iron  is  deposited  within  the  fibres,  probably  as  ferric  stannate.  This  raordanU  when 
dyed  in  lerropniiwic  acid,  forms  a  prussian  bluo  of  the  greatest  richness  and  bril- 
liancy. 

Some  colours  fix  themselves  iiithin  the  fibre  without  the  aid  of  mortlants.  Blue 
indigo,  which  is  insoluble  in  water,  is  converted  into  soluble  white  indigo  by  the  action 
of  reducing  agents,  inch  iw  ferrous  sulphate,  orpiment^  &c.  The  solution  thus  ol^* 
talned  b  aWrbed  by  the  fibre,  and  accnmnkt^s  or  becomes  precipitated  on  or  within 
it  in  the  insoluble  state ;  and  on  subsequent  exposnre  to  the  air  the  white  indigo  is 
reconverted  into  blue  indigo  by  ciidation. 

Besides  tlie  precipitation  which  takes  place  within  the  fibre,  there  is  likewise  a  con* 
lideTabls  quantity  of  dye  deposited  in  the  interstices  between  the  fibres.  This  por- 
tion is  leas  firmly  fixed  than  the  former,  and  is  removed  by  the  process  of  soaping,  to 
which  some  dyed  and  printed  gotjds,  the  madder-purples  for  instance,  are  subjected  ; 
but  in  the  numerous  chim  of  colours  which  do  not  require,  and  indeed  would  not  bear, 
the  soaping  process,  thitt  extonirtl  dye  is  allowed  to  remain,  and  contributes  ^atly 
to  the  richness  of  the  tone ;  such  is  the  case  with  goods  dyed  with  garancin,  the 
indigO'dye^  and  all  colours  fixed  by  sf«am,     (Crnm*) 

StraTrj'folfmrx.^-Tbis  is  a  sfyle  of  calico-printing  in  which  one  or  more  mordants  aro 
mixed  with  dye-wood  decoctions  or  other  coloured  solutions,  and  printed  on  the  cloth, 
and  then  subjected  to  the  heat  of  a  steam-hath,  which  caubcs  the  mordant  to  nnite 
with  the  colouring  matter  and  both  with  the  cloth,  Superior  colours  are  produced  by 
mordanting  the  cloth  first  so  as  to  fix  oxide  of  tin  on  the  fibre. 

Pigment-printing. — In  this  style  of  calico-printing,  the  same  pigments  may  be  used 
as  in  oil-painting,  and  are  mechanically  fixed  to  the  cloth  by  a  species  of  cemeutiag. 
Tlie  first  fixing  agent  used  was  a  solution  of  caoutchouc  in  naphtha,  hut  this  was  soon 
abandoned,  chie^y  on  account  of  the  danger  of  fine  which  it  occasioned*  The  fixing 
niitteriala  nnw  iwed  are  aihumin^  either  of  eggs  or  of  blood;  ladarin^  which  is  prepared 
from  buttermilk  by  sepanitiiig  the  solid  part,  purifying  it  from  butter  and  free  acid, 
and  then  dryin;Lr  it;  giutcn,  which  is  the  residue  of  starch-making  from  wheat-fiour  by 
the  simple  wajuiing  process,  the  gluten  being  afterwards  dried  at  &  gentle  heat ;  and 
itjnnin.  The  albumin  coagulates  readily  at  the  steam-heat;  lactarin  and  glut<*n 
require  a  small  quantity  of  idkali  to  dissolve  them  :  they  then  coagulate  by  beat  like 
albumin* 

Formerly  but  few  colours  were  printed  m  this  manner,  chiefly  tdtramaritie  bine 
and  carbon-drab  ;  lately,  however,  Guignet*s  clirome-green  has  been  used  for  j>igment- 
printing^  and  likcwij+c  the  uniline  colours,  which  may  be  fixed  with  tsjiniii,  (See 
p.  357.) 

The  various  colours  which  the  dyer  has  to  produce  are  either  the  primitiTe  colours, 
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fed,  Uae,  and  yellow,  or  ootnbixiatioiifl  of  them.  Manj  of  the  compound  tints  may 
howerer  be  piodaced  directly  hj  the  use  of  particular  dyes — purple,  for  example,  by 
archil,  and  by  some  of  the  aniline  dyes.  The  following  is  a  bnef  summaiy  of  the 
principal  methods  of  producing  the  various  colours. 

Kbd. 

Red  of  rarioiiifl  shades  is  produced  by  madder  and  the  products  obtained  from  it, 
nrandn,  alizarin,  flower  of  madder,  &c.,  with  a  mordant  of  acetate  of  alumina.  (See 
IEadobb.) 

Turkey'ted  is  a  madder  colour.  To  produce  it,  the  tissue  is  first  heated  in  a  bath 
of  oil,  water,  and  carbonate  of  soda  (2  parts  of  the  salt  to  100  oil),  which  forms  on  the 
Buihce  a  modified  oil  capable  of  acting  as  a  mordant.  It  is  then  dried,  fireed  from 
excess  of  fatty  matter  by  pearlash  mordanted  in  a  bath  of  gall-nuts  and  alum,  then 
immersed  in  a  hot  bath  containing  chalk.  After  this  it  is  dipped  in  the  madder-bath 
for  8  hours,  the  bath  being  kept  at  the  boiling  heat  for  the  first  Quarter  of  an  hour 
only.  It  is  next  washed,  again  treated  with  galls  and  alum,  and  dipped  in  a  second 
bath  of  chalk  and  madder,  after  which  it  is  submitted  to  the  clearing  operation 
(atnvage).  For  this  purpose  it  is  first  boiled  in  a  bath  of  soap  and  pearlash  contained 
in  a  cloeed  vessel,  then  twice  in  a  bath  of  soap  and  protochloride  of  tin.  Lastly  it  is 
nissed  through  a  bath  of  sour  bran,  and  then  exposed  to  the  air.  (Pelouze  and 
Fr*my.) 

Scarlet  is  produced  by  cochineal  with  a  mordant  of  stannic  chloride,  obtained  by 
treating  tin-foil  with  dilute  nitric  acid  and  sal-ammoniac 

BrazU-rtd, — ^Brazil-wood  with  an  aluminous  mordant  It  is  applied  chiefiy  to  silks, 
but  is  rather  fEigitive,  being  destroyed  by  acids  and  changed  to  amaranth  by  alkalis. 

Lae^ve  is  a  splendid  scarlet  imported  from  India,  and  prepared  from  stick  lac 
Messrs.  Haworth  and  Brooke  of  ManchesteT  obtained  a  superior  colour  by  treating 
■tick  lac  with  weak  ammonia,  and  mixins  this  solution  with  chloride  of  tin,  whereby 
a  fine  red  insoluble  matter  is  precipitated. 

For  the  aniline  reds,  see  page  3o6. 

Blttb. 

Indiao* — This  blue  dye-stuff  is  first  converted  into  white  indigo  and  rendered  so- 
luble, by  the  action  of  aJkalis  and  reducing  agents,  such  as  protosuTphate  of  iron,  orpi- 
ment,  glucose,  &c. ;  the  cloth  or  fibre  is  then  immersed  in  the  solution,  and  afterwards 
exposed  to  the  air,  the  white  indigo  beinff  thereby  oxidised  and  converted  into  blue 
inoigo,  which  thus  becomes  fixed  upon  the  tissue.  To  produce  white  patterns  on  a 
blue  pround,  the  pieces  are  printed  before  dyeing  with  what  is  called  a  "  reserve," 
that  IS  a  composition  which  prevents  the  colour  from  fixing  itself  on  the  fibre ;  the 
substance  most  fi^uently  used  for  the  purpose  is  sulphate  of  copper,  which  acts  by 
prematurely  oxidising  the  indigo. 

Indigo  combined  in  various  proportions  with  sulphuric  acid  forms  Stdphindigotio 
acid,  Indigo-carmine^  Saxony  bluet  ^c, 

Prussian  Blue^  TumbulTs  Blue^  &c — ^The  stuff  or  fibre  is  immersed  first  in  a  solu- 
tion of  an  iron-salt,  then  in  a  bath  of  yellow  or  red  prussiate  (pp.  227,  244).  In  calico- 
printings  th^pattem  is  sometimes  printed  with  a  mixture  of  yeu0#  prussiate  and  tartaric 
add,  or  sulphuric  add  and  alum,  and  exposed  to  the  action  of  a  hot  steam-bath.  By 
this  treatment,  ferroprussie  add  is  first  set  free,  and  then  decomposed  by  the  heat, 
yielding  Prussian  blue  (p.  227). 

Logwood-Hue, — ^Produced  by  decoction  of  logwood  on  stuffk  mordanted  with  alum 
and  cream  of  tartar.  The  colour  is  not  very  stable.  Sometimes  a  light  sky-blue  tint 
is  first  given  with  a  weak  bath  of  indigo,  and  the  colour  afterwards  deepened  by  log- 
wood, and  brightened  by  immersion  in  a  bath  of  protochloride  of  tin,  alum,  and  tartar. 

Coal-tar  blues, — 1.  Asuline.  This  fine  colour,  which  was  first  prepared  by  Messrs. 
Guinon,  Mamas,  and  Bonnet  of  Lyons,  is  obtained  from  phenic  or  carbolic  add  by  a 
process  which  is  kept  secret  When  pure  it  forms  copper-bronze  ciystals,  soluble  in 
aleohol,  to  which  it  imparts  a  splendia  blue  colour,  slightly  tinged  with  red.  To  dye 
silk  or  wool  witii  this  colour,  the  alcoholic  solution  is  added  to  an  addulated  luke- 
warm bath  of  water,  and  the  silk  or  wool  is  worked  in  it  till  it  acquires  a  purple  shade 
of  a  certain  depth.  It  is  then  transferred  to  another  bath  of  boiling  water  strongly 
addulated  with  aulphurie  add,  whereby  the  purple  colour  is  dissolved,  and  a  most 
brilliant  and  permanent  blue  is  left  on  the  material  The  dyed  silk  or  wool  is  then 
washed  repeatedly,  passed  through  a  bath  containing  a  little  tartaric  acid,  and  dried. 

2.  Bleu  de  Paris  is  produMd  from  amline  by  the  action  of  corrosive  sublimate  ;— 
S.  Bleu  ds  Mulhouse  from  rosaniline  (Magenta)  by  the  action  of  redudng  agents. 

4.  Ckinoline  blue  is  a  finelight  blue  obtained  by  the  action  of  iodide  of  amy!  on  chino* 
Hafl^  a  base  oontiined  In  ooal-tar  naphtha,  and  also  produced  by  the  deetructiye  diatillai- 

▲  a2 


356 


DYEING. 


tion  of  ciDchonine  (i,  869),  The  chinoline  blue  obWni>d  from  the  ciorhonme  h&aa  i» 
a  ftist  colour ;  but  unfortunatt4j  that  obtidned  fipom  poal-iar  cinchonine  is  very  on- 
Btable.     (G revi  1 1 6  W i  1  li  A m a,) 

Uliramarine. — This  ^^hndld.  blue  colour  is  not  uaed  as  a  dye,  properly  bo  called,  but 
only  OB  a  pigment  in  calico  prmtiag  (p.  364)t  " 

Wtld. — A  bright  yellow  dye  ia  producwl  by  weldi  the  colouring  matt^  of  Rei 
htieoh.     Cotton  to  be  dyed  with  it  ia  mordanted  with  acet^ite  of  alumina;  silk  and 
lirool  with  alum  and  tartar. 

Fwttic. —There  nre  two  distinct  yellow  dyes  known  by  this  name,  riz.  tild/ttstic^  the 
hohjnunf  of  the  French,  which  is  obtained  from  dy«iir's  mulberry  {Morus  tinctorial  and 
young  ftiHic\  from  the  Venetian  sumach  {EhiiA  cotinmy  The  former  yields,  with 
aluimuouK  mordimts,  a  yellow  colour,  which  is  durable,  but  not  very  bright ;  it  ie  U5<?d 
chiefly  for  Triixi?d  tints ;  the  lutter  yields  with  alum  or  atannic  chloride  mixed  with 
tartar,  a  beautiful  bright  yellow  dye,  much  used  in  calico*printinp^*  It  is  changed  to 
a  fine  purple  by  alkidis^  and  the  decoction  forms  an  oraoge-red  precipitate  with  acetate 
of  copper  or  lead. 

QHiTfiiron. — The  decoction  of  (juercltron  (Qmrcuf  ni^ra)  produce  on  cotton  and 
wool  monlant^nl  with  stannic  chloride  or  alum,  a  y<*llow  colour,  which  is  apt  to  change 
to  a  rusty  red ;  it  ifl  also  applied  as  a  steam  colour,  tliickened  with  gum-arabic  and 
mor«!ant»Hl  with  alum. 

Chntmatt!  of  I^fiid^ — The  stuff  or  fibre  is  immersed  first  in  a  bath  of  basic  acetat<^  of 
lead,  then,  aft  it  washing,  iu  a  rather  dilute  solution  of  ehroroate  of  potassium.  The 
yellow  colour  thus  produced  is  heightened  by  immersion  in  dilute  acetic  acid,  which 
removes  any  excess  of  basic  acetate  of  lead.  The  ncutnd  acotatti  and  nitrat'i  of  lead  are 
also  used,  and  produce  at  onoe  a  f!ne  yellow  dye.  By  immersing  the  stolT  tbus  dyed  ia 
lime  water,  a  basic  chromate  of  lead  is  formed  of  a  line  oninge  colour  (L  934). 

Picric  Acid. — This  compound,  produced  by  the  action  of  nitric  acid  on  indigo^  phenic 
add,  aloes,  gum^resins,  &c.,  was  first  inrroibiced  as  a  ycUow  dye  about  aiJt  years  ago 
by  Measrs.  Guinon,  Mamaa,  andBonney,  siUi-dyers  of  Lyons;  it  forms  a  rtry  beauti^ 
and  pei-mancnt  colour. 

Colours  intermfdiate  between  Blue  and  Red:  CniMSOir,  Pnoc,  Chbrht^Colovh,  &c. 

Wool  mordanted  with  alum  and  cream  of  tartar  maybe  dyed  crim*on  by  immersioci 
in  n  buth  of  cochineal  containing  a  little  tartar*  For  amaranth^  which  inclines  more 
to  blue,  the  wool  is  first  dyed  with  logwood  mordanted  with  alum  and  taxtar  or  chloride 
of  tin,  and  then  with  cocuineaL 

The  special  dyes  for  producing  these  colours  are : 

1,  SiiXflow^r,  the  red  colouring  matter  of  the  flowers  of  Carthamus  tinctorius.  It  ia 
ehit'fly  n<»Hl  for  silk,  and  produces  very  beautiful  but  rather  fugitive  colours.  For  tlie 
mode  of  applying  if,  see  page  808,  vol  i. 

2,  Madder  mortlanteHl  with  a  mi3tf:ure  of  acetate  of  alomina  and  acetate  of  iron, 

3,  Rfjsamlinr^  Fuchaine,  or  Magetda^ — This  splendid  dye,  which  has  nearly  super* 
seded  all  others  for  tlw  prnductioii  of  rose  or  cherry  colour,  is  obtidned  froim  uiiiline  by 
the  uction  of  certain  oxidising  agonta,  Ti*.  stannic  chloride  or  laercurous  nitrate.  It  is 
aa  organic  base,  which  forms  several  deflnite  and  beautifully  crystallised  salts.  The 
acetate,  which  is  the  salt  chiefly  used,  crystallises  in  l>eautiful<lark  green  octahedrons^ 
haying  a  lustre  like  tlie  wing-cases  of  beetles.  8ilk  or  wool  is  dyed  with  it  by  simply 
adding  some  of  the  colour  to  a  slightly  acidulated  bath*  Its  dyeing  power  is  so  great  , 
that  Id  grains  will  dye  2  square  yard.H  of  silL     (See  RosANiLims. ) 

Rosdne  Is  another  crimson  or  rose-coloured  dye,  produeeti,  though  in  smsdl  qnantityJ 
in  t}\e  preparation  of  aniline  purple*     It  may  be  prepared  by  the  actlou  of  peroxide  < 
lead  or  of  mangannteson  aniline. 

Vioi.BTS  and  pLTRFLES. — These  colours  may  be  produced  by  the  successive  use 
logwood  and  cochineal,  the  cloth  or  fibre  being  first  dyed  blue  with  logwood,  then] 
passed  succesffivcly  throngh  two  coehineid  buths  mordanted  with  alum  and  tartar*] 
The  special  dye-stuffs  for  producing  them  are : 

1,  Madd*r,  ifarattcin^  or  alizarin^  mordanted  with  dilute  iron-liquor* 

2.  Archil  or  OrchfL — This  dye-stuffii  obtained  from  Tarions  lichens  bv  maceration  is 
putrid  urine  or  other  alkidine  liquors,  has  long  been  uiw^J  for  the  production  of  violet%-^ 
mauves,  &c„  of  rariouH  shades,  but  the  eolours  obtained  with  it  were  fugitive.  It  baa, 
however,  been  shown  by  M*  Mamas  of  Lyons  that  a  flue  pur^^le  colour,  capable  of 
withstanding  the  action  of  acids  and  of  light,  may  be  obtain*^  by  tn*atiug  ttie  lichens 
M'ith  milk  of  lime,  tilt'ring  the  Hmo-liquor,  and  pr»M.'ipitating  the  eolourinff  matter 
from  it  with  hydrochloric  iicid,  washing  the  preclpit4ite  on  a  filterr  dissolving  it  in^ 
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caustic  ammonia,  and  keeping  this  ammoniacal  liquor  at  a  temperature  of  153^  to 
160°  F.  for  twenty  to  twenty-five  days.  The  colouring  principles  of  the  lichens  then 
fix  ammonia  and  oxygen,  and  are  transformed  into  a  new  series  of  products,  which 
may  be  separated  from  the  coloured  liquid  by  chloride  of  calcium.  A  fine  purple  lake 
is  then  deposited,  which,  after  being  washed  and  dried,  is  sold  as  French  purple. 
Salts  of  alumina,  tin,  &c.,  might  also  be  used  as  precipitants  instead  of  chloride  of 
calcium.  French  purple  dyes  silk  and  wool  more  readily  than  common  archiL  The 
lake  is  mixed  with  an  equal  quantity  of  oxalic  acid,  boiled  with  water  and  filtered,  oxa- 
late of  calcium  then  remaining  on  &e  filter,  while  the  colour  passes  into  the  filtrate. 
This  ^liquid  is  then  added  to  a  slightly  ammoniacal  dye-bath,  and  the  silk,  wool,  or 
cotton  mordanted  with  albumin,  or  cotton  prepared  for  Turkey-red,  is  immersed  in  it> 
these  fabrics  then  becoming  dyed  with  magnificent  fast  shades  of  purple  or  mauve. 

Murexide  or  Roman  Purple. — This  substance,  produced  by  the  action  of  ammonia  on 
alloxan,  was  first  used  as  a  dying  material  for  silk  and  wool  b^  MM.  Depouilly, 
Lauth,  Meister,  Petersen,  and  A.  Sodumber^r,  in  1866.  When  mixed  with  corrosive 
sublimate,  acetate  of  sodium,  and  acetic  acid,  it  produces  various  shades  of  red  and 
purple.  For  printing,  a  mixture  of  murexide  with  nitrate  of  lead  and  acetate  of  zinc, 
properly  thickened,  is  applied  to  cotton  fabrics,  which  are  then  left  to  dry  for  a  day 
or  two,  when  the  colour  is  fixed  by  passing  the  fabric  through  a  mixture  of  corrosive 
sublimate,  acetate  of  sodiuni,  and  acetic  acid.  The  uric  acid,  the  raw  material  whence 
the  murexide  is  prepared,  is  extracted  from  guano. 

AlofS^  the  resin  obtained  from  the  Aloe  aocotrincu,  has  of  late  been  used  by  the  French 
dyers  for  producing  violets,  pinks,  maroons,  and  other  shades. 

Aniline-purple,  or  Mauve-dye  (also  called  Tyrian  purple,  Pkenamine,  Indisine). — 
This  colouring  matter,  which  has  to  a  great  extent  superseded  all  other  purple  dyes, 
was  discovered  by  Mr.  W.  H.  Perkin  in  1856.  It  is  prepared  by  the  action  of  acid 
chromate  of  potassium  on  sulphate  of  aniline.  When  pure,  it  is  a  brittle  substance, 
with  a  bronze-coloured  surface,  sparingly  soluble  in  cold  water,  to  which,  however,  it 
imparts  a  deep  purple  colour,  more  soluble  in  hot  water,  freely  soluble  in  alcohol  and 
in  aniline.  It  is  slightly  basic,  dissolves  in  strong  sulpliuric  acid,  and  is  precipitated 
from  its  aqueous  solution  by  alkalis  and  saline  substances.  With  tannin  it  forms  a 
precipitate  insoluble  in  water,  soluble  in  sulphuric  acid.  Its  colour  is  not  affect^  by 
light,  or  by  acids  or  alkalis.  To  dye  silk  with  it,  the  alcoholic  solution  of  the  dye  is 
mixed  with  about  eight  times  its  bulk  of  hot  water  acidulated  with  tartaric  acid,  and 
then  poured  into  the  dye-bath,  which  consists  of  cold  water  slightly  acidulated :  when 
it  is  well  mixed,  the  silk  is  to  be  worked  in  till  it  is  of  the  required  shade.  If  a  bluer 
shade  is  required,  a  little  sulphindigotic  acid  may  be  added  to  the  dye-bath,  or  the 
silk  may  previously  be  dyed  blue  with  prussian  blue  or  otherwise,  and  then  worked  in 
the  dye-bath  above  mentioned.  The  same  method  serves  for  dyeing  silk  with  violine 
or  roseine. 

To  dye  wool  with  aniline-purple,  the  dye-bath  is  composed  of  nothing  but  a  dilute 
aqueous  solution  of  the  colouring  matter  kept  at  50°  or  60°  C.  (122°  or  140°  F.). 
Acids  should  be  avoided,  or  only  a  very  small  quantity  used,  as  they  injure  the  colour. 
The  same  method  is  applicable  to  the  dyeing  of  wool  with  fuchsine,  violine,  roseine, 
and  chinoline  colours. 

To  dye  cotton  with  aniline  purple,  so  as  to  resist  the  action  of  soap  and  of  light,  the 
process  has  to  be  modified,  so  as  to  form  on  the  cotton  fibre  an  insoluble  compound  of 
the  colouring  matter  with  tannin  and  a  metallic  base. 

To  effect  this,  the  cotton  has  to  be  soaked  in  a  decoction  of  sumach,  galls,  or  any 
other  substance  rich  in  tannin,  for  an  hour  or  two,  and  then  passed  into  a  weak  solu- 
tion of  stannate  of  sodium,  and  worked  in  it  for  about  an  hour;  it  is  then  wrun^  out, 
turned  in  a  dilute  acid  liquor,  and  then  rinsed  in  water.  Cotton  thus  prepared  is  of  a 
pale  yellow  colour,  and  has  a  remarkable  •  power  of  combibing  with  aniline  purple. 
The  above  process  may  be  modified,  as  for  example,  the  stannate  of  sodium  may  be 
applied  to  the  cotton  before  the  tannin,  and  alum  may  also  bo  used  in  the  place  of 
stannate  of  sodiuuL  To  dye  this  prepared  cotton  with  aniline-purple,  it  is  only  neces- 
sary to  work  it  in  an  acidulated  solution  of  the  colouring  matter  ;  when  thus  prepared, 
the  cotton  will  absorb  all  the  colouring  matter  of  the  dye-bath,  leaving  the  water  per- 
fectly colourless.  It  has  been  found  that  cotton  thus  prepared  can  bo  dyed  with  any 
colouring  matter  that  fbnns  an  insoluble  compound  with  tannin.  It  is  therefore  used 
for  dyeing  with  roseine,  violine,  fuchsine,  and  chinoline  colours. 

Cotton  may  also  be  dyed  a  veiy  cood  and  fast  colour  by  mordanting  it  with  a  basxe 
lead-salt,  and  then  working  it  in  a  hot  solution  of  soap  to  which  aniline-purple  has 
been  added. 

Oiled  cotton,  such  as  is  used  for  dyeing  with  madder,  is  also  used  in  dveing  these 
eoloun.  Cotton  simply  oiled,  and  before  mordanted  with  alum  and  galls,  absorbs 
eiNd-tar  oolonriog  matters  with  great  avidity,  producing  very  fine  shades.    Oiled 


058 


DYEINa 


eotton  mordanted  with  nlum  and  gaUs  also  combines  rapidly  with  theeo  colottriiig 
irtAtten:  but  ns  the  colour  of  th<^  preparud  cotton  is  gcnersllj  ratheT  yellow,  it  inter- 
ft-rea  sometimes  with  the  be&utr  of  the  result. 

Oottoia  is  soznetimea  washed  with  alhumio,  which  is  eoagukt^d  bj  the  action  of 
■team,  and  the  albamis,  wbkh  ooTera  the  cotton,  dyed  in  the  usual  mininer. 

Vic^e,  roseine,  fiachsine,  and  also  the  chinoliQe  ooloofs,  combine  with  nnmord^Dted 
vegetable  fibres  as  well  as  amline-piuple. 

Printing  0/  Calk'c  wiik  AntHne-^rple  and  other  Coal-tar  Colours.  ^^  The  process 
generally  employed  for  printing  with  these  colonring  matters  is  simply  to  mijc  them 
with  albamin  or  lactarin^  print  this  mixtiire  on  the  fabric,  and  then  to  coagulnte  the 
albmniii  or  lactann  by  the  agency  of  steam. 

Another  method  is  to  print  tannin  upon  the  fabric  preTioosly  prepaid  with  stannate 
of  soditim,  and  then  dye  it  in  a  hot  diJale  acid  solution  of  the  colouring  matter;  by 
this  means  the  parts  of  the  £abnc  which  are  ooTered  with  tannin  are  dyed  a  deep 
colour^  but  the  other  parts  are  only  slightly  colonred.  These  are  cleared  by  wdl- 
known  processes.  This  method  of  applying  these  eolouring  matters  is  aldo  modi- 
fied by  printing  a  compound  of  the  colouring  matter  required  and  tannin  on  the 
irreparaa  dotli,  instead  of  the  tannin  only,  and  then  steaming  the  goods. 

Violifu. — ^This  dye-stuff,  the  solutions  of  which  haye  a  eoirar  resembling  that  of  the 
field  riolet,  was  first  obtained  by  Dr.  B.  Price.  It  is  produced  by  oaddising  aniline 
with  sulphuric  add  and  peroxide  of  lead.  It  is  eren  less  soluble  in  water  than  aniline- 
purple,  Tery  soluble  in  alcohol  Its  ooLoor  ia  destroyed  by  redudng  agents,  but  restored  on 
expoBore  to  the  air.    The  methods  of  dyeing  with  it  are  the  same  as  for  aniline>purple« 

Colours  intermediais  between  Blu4  and  YtUow :  Gbeens. 

Green  dyee  are,  for  the  most  part,  produced  by  the  combination  of  yellow  and  blue 
applied  either  together  or  separately.  For  the  production  of  a  good  green  tint,  it  is 
assential  that  both  of  the  primary  oolonrs  be  quite  pure,  any  admixture  of  red  in  either 
of  them  causing  the  ^;reen  to  appear  dull.  For  dyeing  green  with  a  single  bsth«  the 
stuff  or  fibre  is  sometimes  mordimted  with  alum  and  then  dipped  into  a  bath  of  fustic 
mixed  with  indwo-canninf.  When  two  batlis  are  used,  the  stuff  is  first  dyed  blue»  then 
well  washed  and  boiled  for  three  hours  in  a  bath  of  fustic  mordanted  with  alum  and 
cream  of  tartar,  mixed  with  a  small  quantity  of  Saxony  blue  (a  solution  of  I  pt  indigo 
in  6  pts,  sulphuric  acid).  If  it  be  then  dipped  into  a  logwood- bath,  it  acqnin'S  the 
tint  called  by  the  French,  iitrt-drapcm.  Sasony  prem,  which  is  brighter,  is  produced 
by  dipping  the  piece  into  a  second  bath  of  fustic  of  greater  concentration. 

A  Tery  beautiful  green  colour  called  Vtrt-  Venus,  VertrAsof^  or  Vert-LumUrf,  is 
produced  on  silk  by  a  dye  imported  from  China,  called  Chinese  grten  or  Lo-Kao  \  silks 
thuM  dyed  are  especially  admired  for  the  beauti^l  green  shades  they  assume  in  arti* 
ficial  light.  Vciy  large  quantities  of  this  dye  were  imported  in  18j53  by  Messrs.  Guinoii 
of  Lyons.  More  recently,  however,  M.  Charvin,  of  Lyons,  has  obtained  the  same 
dye  from  the  common  buckthorn  {Rhamnus  eath^irtieus).  It  is  remaricable  for  being 
capable  of  producing  with  proper  reagents  all  the  coloors  of  the  Bpeetmm,  Its  nae  is^ 
howerer,  greatly  restricted  by  its  want  of  stabili^.  Moreorer,  Messrs.  Guinon,  Manias^ 
and  Bonnet,  hare  found  that  rery  fine  greens,  which  Ukewise  maintain  their  colour  in 
artificial  light,  may  be  produced  at  less  cost  by  first  dyeing  the  sUk  in  pnissian  blue^ 
and  then  in  an  addulated  bath  of  picric  add. 

Chrome-grteni  consisting  of  hydmted  oxide  of  chiTtmiam  are  now  mttch  used  as 
pigments  m  calico-printing:  for  thdr  prepatation  see  toL  i,  p,  960.  They  likewise 
maintain  their  colour  in  artificial  light. 

Aniline-grten^  or  Emfraldine, — Aniline  treated  with  hydrochloric  acid  and  chlorate 
of  potassium,  or  a  salt  of  aniline  treated  with  sesquichlonde  of  iron,  yields  a  green 
compound,  the  eustenoe  of  which  has  long^been  known  to  chemists.  All  attempts  to 
dye  silk  or  wool  with  it  have  hitherto  failed ;  bnt  it  may  be  prodneed  on  cotton  fabrics 
by  printing  with  add  hydrochJorate  of  aniline  on  a  fabric  prepared  with  chlorate  of 
potaseinm.  A  beautiful  bright  green  then  gradually  appears,  and  only  requiree  to  be 
washed.  If  the  ^recn  fabric  ia  passed  through  a  solntjon  of  add  chromate  of  potas- 
ainm,  this  cohmr  is  transformed  into  a  dark  indigo-blae,  called  o^wnnA.    (Calrert) 

Colours  composed  qf  Bed^  BluSt  and  yell4>w :  BnowTts,  Gttxrs,  and  Bx-kCKs. 

BrcnseiB  prodnced  on  wool  by  immemion  in  a  bath  of  weld,  fbstic,  alum,  and  tartar, 
in  which  it  is  boiled  for  three  hours ;  it  is  then  left  in  a  cellar  for  six  days,  washed, 
dipped  in  a  bath  of  weld  i%nd  madder,  again  wa^hcdl  and  dipped  in  a  bine  bath. 

For  olive,  the  wool  is  first  dyed  blue,  then  boiled  for  four  hours  in  a  bath  of  alum* 
sumach,  fustic,  soot,  and  logwood,  then  taken  out  and  redipped  alter  addition  of  a  small 
quantity  of  copperas.  Similar  prooeases  yidd  m^tie-^reenf  re*$da^  and  othi^  shades  in 
which  yellow  lb  the  predominadng  colour. 
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Naroon^  in  which  red  predominates,  is  obtained  by  boiling  the  stuff  for  three  honrs 
in  a  bath  of  weld  and  fustic  mordanted  with  almn  and  tartar,  then  leaving  it  in  the 
cellar  for  a  week,  washing,  boiling  it  for  a  short  time  in  a  madder-bath,  and  lastly 
dipping  it  in  a  blue-bath.  To  obtain  a  darker  colour,  the  stufE,  after  leaving  the  madder- 
bath,  is  boiled  for  two  hours  with  logwood,  sumach,  and  copperas.  Sim&ar  processes 
are  adopted  for  cinnamon  and  other  broums. 

Brown  Maroon  is  produced  by  dipping  the  stuff  for  three  hours  in  a  bath  of  gall- 
nnts,  sandal-wood.  Brazil-wood,  and  madder,  then  adding  logwood  and  copperas. 

Black  is  produced  by  a  mixture  of  indigo,  rarious  yellow  dyes,  and  the  tannin  of 
gall-nuts  or  sumach,  su^hates  and  acetates  of  iron  and  copper,  cream  of  tartar,  &c. 

The  black  called  in  France  noir  de  sedan,  which  is  one  of  the  finest  and  most 
durable,  is  given  to  wool  by  first  dyeing  it  blue  with  indigo,  then,  after  careAil  wash- 
ing, dipping  it  for  three  hours  in  a  bath  of  sumach  and  logwood,  at  80^  or  90^  C. ;  tiien 
taking  it  out,  adding  to  the  bath  335  grammes  of  protosulphate  of  iron  for  each  metre 
of  stiif^  redipping  for  an  hour  at  38^  0.,  and  repeating  this  process  three  times.  A 
veiy  fine  black  is  likewise  obtained  b^  dyeing  the  wool  with  logwood  and  iron,  an^ 
then  dipping  it  in  a  weak  solution  of  bichromate  of  potash  at  40^  or  60^  C. 

Silk  is  dyed  black  with  protosalts  of  iron  and  the  tannin  of  call-nuts,  or,  more 
cheaply,  of  chestnuts.  The  suk  is  first  dipped  in  the  tannin-bath,  whence  it  issues  with 
a  colour  of  nankeen  yellow,  then  washed,  and  dipped  in  a  bath  of  protosulphate  of 
iron  at  W°  G.  P^n^olignite  of  iron  is  likewise  used,  and  iron  filings  and  sulphate  of 
copper  are  added  to  the  bath,  together  with  a  small  quantity  of  basic  acetate  of  lead,  to 
take  up  the  sulphuric  acid  set  free  by  the  decomposition  of  the  ferrous  and  cuprie 
sulphates.  Gum  and  dextrin  are  likewise  added  to  give  the  liquid  the  requisite  con- 
sistence. The  silk,  as  it  issues  from  the  bath,  has  a  rusty  colour,  which,  however, 
soon  turns  black  on  exposure  to  the  air. 

Cotton  and  linen  may  be  d^ed  black  in  the  same  manner  as  wooL  A  veiy  blad: 
dye  is  also  produced  by  dipping  them  first  in  a  bath  of  galls  and  logwood,  then  in 
pyrolignite  of  iron  at  90°  C. 

Greys  of  various  shades  are  obtained  in  like  manner  by,  reducing  the  proportions  of 
gnll-nuts,  logwood,  pyrolignite,  &c  An  alumina  mordant  is  generally  added  to  give  a 
violet  tint. 

A  variety  of  broim  and  ffrey  tints  are  also  produced  by  the  fixation  on  the  stuff  of 
metallic  oxides,  such  as  the  oxides  of  iron  and  manganese. 

Cateehu-blacik  on  silk.  The  silks  are  passed  into  a  solution  of  ferric  salt,  then  into 
a  hot  soap-solution  containing  an  excess  of  soap,  whence  they  are  passed  into  a  slightly 
add  bath  of  yellow  prussiate.  When  thus  dyed  prussian  blue,  they  are  dipped  into  a 
solution  of  ferric  salt  of  specific  gravity  1*16,  the  object  of  which  is  to  give  an  iron 
mordant  to  the  silk.  They  are  then  thoroughly  washed  and  passed  into  a  bath  of 
catechu,  for  organzine  at  203°,  for  tram  at  172°  F.,  the  silks  being  worked  in  this  bath 
until  it  is  cold,  so  as  thoroughly  to  saturate  the  iron  mordant  with  the  colouring  prin- 
ciple of  catechu,  and  thus  produce  a  black.  They  are  then  wrung  on  the  peg,  and  ex- 
posed to  the  air  for  24  hours,  after  which  they  are  passed  into  a  soap  solution  at  60° 
washed  thoroughly;  and  the  organzine  is  then  dipped  into  a  bath  of  weak  acetic  acid, 
the  tram  into  a  solution  of  weak  hydrochloric  add.  Finally,  the  silks  are  passed 
through  an  emulsion  of  oil,  well  worked  on  the  peg,  and  left  to  dry.  These  last  opera- 
tions are  intended  to  remove,  by  means  of  the  fatty  matters,  the  harshness  which  the 
silk  would  otherwise  possess. 

Catechu  is  capable  of  yielding  a  great  variety  of  colours.  It  contains  two  distinct 
prindples,  catecnu-tttnnic  acid,  and  catechin,^  the  former  of  which  yields  various  shades 
of  drab,  while  the  latter  yidds,  with  metallic  salts,  salmon,  red,  and  wood  colours. 

For  further  details,  see  the  artides  Dteimo  and  Calico-fbintino  in  Urt^s  Dictionary 
of  Arts,  Manufactures,  and  Mines,  and  in  Muspratfs  Chemistry.  Pbbsoz,  Traiti 
tkhrique  ei  pratique  de  F Impression  des  Tissus,  tomes  4,  8vo.  Paris,  1846.  Pe- 
louze  et  FrAmv,  Traiti  de  Ckimie  ginirale,  Par.  1866,  tom.  v.  pp.  668-695.  W.  H. 
Perkin,  On  Colouring  Matters  derived  from  Coal-tar,  Chem.  Soc.  J.  xiv.  230.  F.  C 
Calvert,  On  Improvements  and  Progress  in  Dyeing  and  Calico-printing  since  186L 
Mandiester  and  London. 


HlMJmnUMk    Lowigf s  name  for  the  organic  radides  O'H'*-'. 
Lowigf  s  name  for  the  radicles  C«H**', 

Syn.  wi&  LAMABxm. 
DTMnbAKITfl.    Syn.  with  Oxbnits. 

Syn.  with  Siussuiim. 
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DTSLUITE  —  EARTHS. 


I>7S]birZTS.  (Zn  ;Fe  ;Md)  (A1^Fo*)0'. — A  Tariety  of  wpint^X  Mcumtig  imli^ddpd 
in  the  limestoao  of  Kew  Jrrsi^.  It  forma  octahedral  crystftls  of  »  ^oUowish  mid 
greyish  brown  colour,  glassy  hi*!tre*  opaque.  Hardncaa  —  4*5 ;  specific  gravity  = 
4  05.  With  borax  before  the  blowpipe,  it  melts  to  a  dark  gamet-red  glass.  (Thomson, 
R ft ni m 6 1 s berg.)     Seo  Spinbl. 


STfiliTSnr*  C^^IP'O*.  (BorzcHufl,  Ann,  Ch.  Pborm.  xxatiil  13&;  adiii.  1. — 
Theyer  rtatl  Hchloasi^r,  thid.  L  236. —  .HI  rocker,  ihid.  iril  22.)— A  prod  act  of  tho 
d^'om  posit  ion  of  choloidic  or  cboliillc  ncid,  ]yrt)dwcpd  when  either  of  these  acida  is 
hciited  fo  300*^  C^  or  treated  for  some  time  with  hydrochloric  or  dilute  sulphuric  acid 

CH^D"  -  2H'0  ^  C='lt"^^0"  =  C*H«0*  -  WO. 

acy.  acid. 

The  b<»t  tnod*»  of  pr^^paring  it  is  to  l>oil  ox-bile  frocd  from  fiit.s  and  colouring  matters 
with  hydrochloric  arid  for  12  to  24  hours  ;  wash  the  hurd,  frinbic,  resinous  maas  which 
«epiir}it*-*s,  with  wKtcr;  then  boil  it  repeatedly  with  alcohol  to  rcmoTc  admixed  choloidic 
acid;  diiwolve  the  residue  in  ether;  and  either  eTuporato  the  ether,  which  tlien  leaves 
the  dyHlysin  as  a  yellowish  op  brownish  mass,  or,  l>etter,  precipitate  the  ethereal  solution 
with  ak'ohol,  which  throws  it  down  with  l€:S8  colour, 

Dyslysin  is  an  amorphous  substance,  doubtlc'^fl  colourlesfl  when  quite  pure,  hut 
geueraUy  yellowish  ,  melts  when  heat-ed  above  HIP  C.  It  is  insoluble  in  water,  aciiK 
pot&sh'ky,  and  alcohol  (hence  tho  name)t  but  soluhle  in  ether.  Alcoholic  potash  con- 
Tertfl  it  into  choloidic  acid, 

STSXiTTS.     Sec  Eitlvte. 

BTSXtYTZXB.  A  brown- black  powder,  obtuDMl  ftB  a  residue  from  m^ny  masaea 
of  meteoric  iron  when  they  are  dissolved  in  hydrochloiic  acid.  It  amounts  to  between 
0'26  and  2  25  per  cent,  of  the  entire  mass,  and  la  supposed  to  be  a  phosphide  of  iron, 
nickel,  and  magnesium.     (Sbepard,  Sill.  Am.  J,  [2]  li.  380.) 

OTftlrxm,  or  STSSlflTE,     Syn,  with  Kuodokitb. 

I>TflOSZ£.  H&uUle  papt/racie,  Terre  hiiumintuse /millcih,  Tfrre  /oluvse  bitu- 
inimwe  de  MttillL  Stinxkokle,  Uatterigt  Siinkttde.  A  soft,  finely  laroinutod  aul>- 
atance,  occurring  at  Melilli  in  Sicily,  of  ^enish  and  yellowish  jcrcy  colour^  luul 
ipedfic  gravity  1*U  to  V^,  It  hums  with  {^amo  and  an  unpleasaot  odours  leaving  a 
friable  skeleton  {Handw.  d.  Chem.  %^\  Aufl.  ii.  [3]  fi35)» 

STSTOMXTZS,     Syn.  with  Datholtte* 

I>T&IxrTlUBIT:B.  (Shepard,  Sill.  Am.  X  [2]  xii.  209.— Smith  and  Brash. 
ibid,  xvi.  60.)  ^A  rock  occurring  at  Diuna  and  othnr  places  in  St.  Lawrence  County, 
Hew  York.  It  is  masaive^  slaty,  and  tough,  and  has  the  aspect  of  serpentine.  Hard- 
ness«  3  to  3'5  ;  spocitic  gravity  2  76  to  2-81.  Colour,  green,  yellow,  and  gTcy*  some- 
times mottled  with  red.  Its  o^mposition  varies  widely^^  hut  it  consists  mainly  of  silica 
and  alumina^  with  water  and  severe!  protoxides  in  variable  proportions ;  so  that  it  must 
be  regarded  as  a  mixture.     The  following  analyses  are  by  Smith  and  Urnsh  :  — 
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*     .  ^  100-57 

Before  Ihe  blowpipe  it  «plita  into  thin  splisters,  and  melts  to  a  white  inaaa^  having 
llie  ttspeot  of  pocoebuk 
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Tills  name  is  applied  to  the  oxidee  of  the  metals,  hanum,  strontium, 
calcium,  manuesiiim,  glncinum,  aluminium,  zirconium,  yttrium,  and  thorinum.  The 
earlier  chemiiitji  distinguished  lime  and  magnesia,  by  the  appellation  of  Titrm  nh§(tr' 
hmtes^  from  tlie  earOis  in  a  more  limited  sense ;  to  tlseao  abmrhtnt  or  alkaline  earths, 
baryta,  discovered  in  1774  by  Scheele,  and  stjontia,  diiicovered  later,  were  afterwards 
added.  Baryta,  strontia,  and  lime^  beinj^  soluble  in  water,  and  jxjssessing  strong  alkaline 
and  caustic  properties,  are  sometimes  desigiiated  tar  thy  alkniis,  f.^.  by  Gtnelin  in  his 
Handbook ;  but  the  term  aUtalitu  earths  is  more  generjdly  adopted.  Magnesia  is 
usually  classed  among  the  earths  proper.  Silica  was  fortiif^rly  numbered  among  the 
earths  ;  but  it  is  now  regarded  as  an  acid  (or  rather  anhydride). 
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XAir  m^  COZiOOWB.  KOlnisches  Wasser. — A  perfume  consisting  of  a  solution 
of  various  essential  oils  in  alcohol  Numerous  recipes  have  been  given  for  its  prepara- 
tion. One  of  the  best,  according  to  Forster,  is  to  dissolve  in  6  quarts  of  spirit  of  82 
per  cent.  Tralles,  the  following  mixture  of  oils :  Oil  of  orange^  bergamot^  lermm^  limttte 
{Citrus  Lumia\  essence  de  petits  grains^  each  1  oz. ;  oleum  de  Cedro^  de  Cedrat,  essence 
de  Portugal,  de  Neroli^  each  4  oz. ;  oil  of  rosemair,  j  oz. ;  oil  of  thyme,  \  oz,  (Handw. 
d.  Chem.  iv.  428 ;  see  also  Ure's  Dictionary  of  Arts,  Manufactures,  and  Mines,  art. 
Pbbfumebt,  iiL  428.) 

XAir   BB   JAVBULBi     A  solution  of  hypochlorite  of  sodium.     (See   Hyfo- 

CHLOBITSS.) 

BAV  BB  ZiirCB.  Aqua  Lueia, — A  milky  mixture  of  rectified  oil  of  amber  with 
alcohol  and  ammonia. 


Syn.  with  Pthoxanthin. 

Caoutchouc  hardened  by  kneading  or  rolling  with  half  its  weight  of 
sulphur.    (See  Caoutchouc,  i  740.) 

BBOXrr.  The  black  heart-wood  of  Diospyros  Ebenum,  a  tree  of  the  styraceous 
order,  indigenous  in  Ceylon,  Madagascar,  the  Mauritius,  and  many  other  tropical 
countries.  It  is  very  hard,  heavier  than  water,  and  takes  a  fine  polish.  It  has  a 
biting;  taste,  and  gives  off  an  aromatic  odour  when  burnt.  According  to  Petersen  and 
Schodler,  it  contains,  when  dried  at  100°  C,  49*8  per  cent  carbon,  6-3  hydrogen,  and 
44-9  oxygen. 

BBUXIUOBCOPB.  Ebulfition  Alcoholometer. — An  instrument  for  determining  the 
strength  of  hydrated  alcohol  by  its  boiling  point.  (See  Alcohol,  i  95 ;  also  Urt^s 
Dictionary  of  Arts,  Manufactures,  and  Mines,  ii.  72.) 

SBirULXTZOir.     See  Heat. 


BCOOarZBB.  Ekgonine  (from  tttyovos,  offshoot).  C»H'«NO».— A  base  obtained 
by  the  decomposition  of  cocain  under  the  influence  of  hydrochloric  acid : 

C>«H»NO*  +  H*0  =  C»H"NO»  +  C'H«0« 

Cocain.  Ecgonine.  Benzoic 

acid. 

It  is  most  readily  obtained  by  heating  cocain  with  hydrochloric  acid  to  100°  C.  in  a 
sealed  tube.     It  is  soluble  in  water.     Its  platinum-salt  crystallises  in  orange-yellow 
prisms.     (Wohler,  Ann.  Ch.  Pharm.  cxxi.  372.) 
BCHZVZTBS.    Fossil  radiate  animals  found  in  the  chalk. 

BCILOOZTB.  Smaragdite-rock,  Omphazite-rock, — A  crystallo-granular  rock  con- 
sisting essentially  of  red  garnet  and  green  smaragdite,  sometimes  also  containing  kya- 
nite  and  wliite  mica. 

BBBOB8.  {Arum  esculentum.) — A  plant  cultivated  for  food  in  most  tropical 
climates.  Acconling  to  T.  J.  Herapath  (Chem.  Soc  Qu.  J.  iii.  196),  the  fresh  roots 
yield  1*647  per  cent,  ash,  containing  in  100  pts. : 

Matter  soluble  in  water : 

Total. 
KK>      Naa     S0»        C0«       PK)* 
38-9        70        3-3         10-4        41 637 

Matter  insoluble  in  water : 
Ca«0      Mg»0    A1*0»     Fe*0»     SO*      SiO»      C0»      P«0» 
16-7       trace     trace        10        11        62        3-6        9-8        .        .    363 

100-0 

From  these  results  Herapath  concludes  that  eddoes  exhausts  the  soil  of  phosphoric 
acid  and  alkalis  more  than  the  Spanish  potato  or  batatas  (I  620),  but  less  than  the 
common  potato. 

BBB&rOBSXTB.  Aedelforsite.—  A  silicate  of  calcium,  2Ca*0.3SiO*,  or  Ca*Si»0», 
found  at  Aedelforss  in  Smftland,  Sweden,  Cziklowa  in  the  Bannat,  and  Gjclleback  in 
Norway.  It  is  massive,  fibrous  or  feathery,  white  or  grejrish,  with  vitreous  lostre  and 
transparent.  Specific  gravity  =  2-68.  Hardness  =  6'5.  Melts  to  a  clear  glass 
before  the  blowpipe.  (Hisinger,  KongL  YeteiuL  Acad.  HandL  1823,  p.  177 ;  1838, 
p.  191.) 


362 


EDELITE  —  EFFLORESCENCE. 


The  same  name  is  giTen  by  Hetzitifl  {Dissert  de  Trrm.  NorUff^.  ei  ttoki  mhro^ 
AedelforsR,  Lttndip,  1818)  to  Ibe  redapolite  of  At-iielfors^,  which  occurs  there  in  fibrous 
aggregations,  white,  light  gi'**j,  or  reddish^  translucent  on  thp  edges,  and  with  a  Titreous 
lustre.     Specific  grurity  =  2  6.     Hardaess  =  6,     According  to  Retains,  it  contains 
60-28  per  cent.  SiO«,  16  42  A1*0",  8  18  Ca^O,  4*16  Fe*0',  042  Mg'O  aiid  Mn*0»,  and 
ir07  water.     A  Bimilar  mineral  from  Fahlun  in  Sweden  was  found  by  Hisinger  to  x 
contain  6€-0  SiO',  16-6  APO»,  1'8  Fe*0\  80  Ca-O,  and  11*6  wat4;r(  =  97'0),  while  be  I 
obtained  fr.'.m  the  Aedelforss  zeolite  6376  SiO».  1817  A1*0',  402  Fe*0\  10-90  Ca«0,  ' 
and  11  23  H-'O  (=  98-38).     (Dana,  ii.  307.) 

Prehnit^  h^m.  Aedelfores  m  SwedciL 


SBEifXTlL    GminmiititefroM  EdetiTille,  Orange  Coontj,  Neir  York, 

SSIlf  C^TOWXTZm  a  mineral  occurring  on  the  Kilp^tricfc  Hillfl,  iii?ar  Glasgow^ 
in  small  crystiila  belonging  to  the  dimetric  or  qnadratic  system.  The  crjatalu  aro 
eq^iare  prisms,  acuminated  with  the  faces  of  a  qnadratic  octjihedron.  Colour  greji<li 
vbita.  HurdnpOB  «  4*0  to  4'5.  Specific  gravity  2*694»  According  to  Hcddle's 
analyflfifl  (PhiL  Mag,  [4]  ii.  179),  it  contains  S6'98  SiO',  22-63  AlW,  26  84  Ba'O, 
12-48  water,  with  traces  of  soda  and  lime  {tottd  9 8 "91),  whence  may  he  deduced 
the  formula  3Ba=0.2SiO"  +  4(Al*0«.2SiO')  +  12H'0,  which  ia  eqnivaletit  to 
{Ba*ii/«*H**>Si'«0«  +  7  ^%t  ft»<i  reducible  to  li*SiO*  +  7  aq*,  the  formda  of  an  ortho- 
silicate. 

EHiTCT.  Thia  term  ia  applied  to  a  body  separated  by  the  deeomposition  of  nnothep 
in  which  it  previouflly  existed  as  euch,  in  contradiBtinction  to  product,  whiidi 
denotes  a  compound  not  preriously  existing^  but  formed  during  the  decomposition. 
The  Tolatib  oil  of  Jemon-peel  is  an  ednct,  because  it  pre-eiists  in  the  peel;  but  bitter 
almond  oil  ia  a  product,  because  it  doea  not  exist  r«aJy  formed  in  bitter  almonds,  hut 
is  produced  by  the  action  of  emtdain  and  water  on  amjgdalin.  In  many  eascfc^  how- 
CTer^  the  same  substance  may  be  regitrdod  as  an  educt  or  as  a  product,  according  to 
the  Ticw  which  is  taken  of  the  coniftitution  of  iLe  l>ody  £jx)m  which  it  ia  derired.  Thus 
the  lime  and  carbonic  anhydride  obtained  by  beating  chalk  to  7edDeci»are  ednct^,  if 
the  chalk  be  regarded  aa  Ca'O.CO'  products  if  it  h^  regarded  aa  Ca*.CO^,  or  ^CO)^Ca^O, 
&c.  Similarly  the  ammonia  evolved  hy  heatiug  sal-ammoniac  wifh  Jim©  la  an  educt, 
if  that  suit  is  composed  of  NHMICl,  but  a  product  if  its  composition  ia  that  ex- 
pressed by  the  formula  NH\C1,  Even  the  elt^mentury  bodies,  as  evolved  from  tlicir 
compounds,  may  be  regarded  as  products,  if^  as  explained  in  the  article  Chemical 
AjTtNiTT  (i*  858),  we  suppose  a  molecule  of  a  free  element  to  be  foruied  liy  tlio 
union  of  two  elementary  atoms  in  opposite  polajr  states ;  as  for  example,  when  hydrogen 

-    +        -  + 
is  evolved  by  the  action  of  hydrochloric  add  on  hydride  of  copper :  Cu'H  +  HCl  ^ 

Cu'Cl  ■¥  EH,  or  when  sulphur  is  precipitated  by  the  mutual  action  of  sulpliurons 

anhydride  and  sulphjdrie  acid :  2H^  +  BO^  »  211'^  +  SS*. 

sntrXiCOmATSdir.  A  term  applied  to  washing,  or  lixiviation,  in  caaes  when 
the  S'^lublu  matter  is  rejected  aa  wortiileBs^  and  the  iitsoltible  reaidati  ia  the  matoiial 
required. 

XSH ixrJUtXlBXTS.    See  Monazitx. 

BlI*I*£ItVESCE]f  CS  is  the  commotion  produced  m  liquids  by  some  part  of  the 
mass  suddenly  taking  the  gaseous  form  aud  escaping  in  nnmerous  huhblee, 

SFF^OlLEBCS^rcs.  Thia  term  is  applied  to  two  or  three  difi^erent  phenomcDaf 
characterised  by  the  formation  of  a  looae  pulverulent  deposit  on  the  surface  of  a  solid 
body, 

1.  Crystallised  salts  are  said  to  effloreacBwheii  they  lose  their  water  of  crystallisation 
and  fall  to  powder ;  t.  g.  neutral  carbonate  of  sodium,  Na'CO*  +  6  aq. 

2.  The  formation  of  a  pulverulent  crystalline  deposit  on  the  surfflce  of  a  porous  body, 
in  consequence  of  the  crystallisation  of  a  salt  existbg  in  solution  within  it^  pores,  or 
formed  nom  materiala  existing  therein,  ia  also  eallm.  efflorescence :  e.g.  the  eiTstal« 
lination  of  nitrate  of  potaasium  on  the  surface  of  the  earth  or  in  caves,  as  in  India,  or 
on  saltpetre  pUintationft,^ — of  sulphate  and  carbonate  of  sodium  on  walla,  — of  aJnin  on 
alum-slate, — of  ferrous  sulphate  on  iron  pyrites,  &c  In  all  these  cases,  the  solution  of 
the  salt  is  drawn  by  capillary  action  to  tbo  surface  of  the  solid  body,  and  there  ciys* 
t;dli.«w*s  in  consequence  of  the  evaporation  of  the  water. 

3.  The  term  efHorescence  is  likewise  applied  to  the  efif^ct  which  sometimes  taket 
jtlace  when  a  saline  solution  is  left  to  evaporate  slowly  in  nn  open  vessel  The  solid 
salt  separates  in  dendritit'  crj-stale  just  where  the  surface  of  the  liquid  touchea  the  aide 
of  the  vessel,  and  the  solution,  rising  hy  capiUarity  between  these  dyBtals,  forma  ft 
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tresh  oystallisatiozi  just  above  the  first  layer ;  and  this  prooesa  ia  eontiDnally  repeated 
till  the  crystallisation  thus  formed  extends  over  the  edge  of  the  reeael,  and  aometimea 
down  to  the  table  on  which  it  stands.  Sal-ammoniac  and  other  ammonia-salts  often 
effloresce  in  this  manner.  The  effect  ma^  be  prevented  to  a  certain  extent  by  greasing 
the  edge  of  the  vessel,  or,  better,  by  quickly  boiling  the  solution,  or  evaporating  it  by 
heat  from  above. 

BOBXAV.    Syn.  with  Idocbasi. 

SOO.  (Prout,  PhiL  Trans.  1822. p.  377.— Privost  and  Dumas,  Ann.  d.Sc.  nat  iv. 
47.— PrAvost  andMorin,  Lekmann*s Zoochemie,  Heidelberg,  1868,  p.  693.— Baudri- 

mont  and  St.  Ange,  Compt  rend.  xviL  1343. — Gobley,  Compt.  rend,  xxi  766. 

J. Phys.  ChimJ3]  xi  409 ;  xii.  613. — ^Valenciennes and  Frimy,  J.  Pharm.  [3]  xxvi. 

5,  321,  416 ;  TraiU  de  CkimU  girUrale  par  Pelomse  et  Fr4my,  2"*  Ed.  1867,  vl  227. 

Lehmann,  Lekrlmchd,ph^noL  Chcmte,  translated  by  Dr.  Day,  ii.  363  ;  iii.  439 ;  also 
in  Gnulin's  HandbucJk,  viii.  282,  646,  667,  668,  and  693.— Handw.  d.  Chem.  2*«  Aufl. 
iL  [3]  342, 664,  652.) 

The  eggs  of  birds  consist  of  four  parts,  vis.  1.  The  shell,  which  is  a  haid  calcareous 
envelope ;  2.  A  thin  membrane,  called  the  mtmbranaputaminiSy  which  lines  the  shell ; 
3.  The  white,  or  albumen,  which  is  a  colourless  liquid  enclosed  in  large  cells  formed 
of  a  thin  membrane ;  and  4.  The  yolk  or  vitellum  surrounded  by  the  albumen,  and 
likewise  enclosed  in  a  membrane,  which  is  connected  with  that  which  forms  the  cells 
of  the  albumen  by  two  knotted  ligaments  called  chalaga. 

The  shell  consists  mainly  of  carbonate  of  calcium,  with  smaller  quantities  of  phosphate 
of  calcium  and  animal  matter.  In  the  egg-shells  of  the  domestic  fowl,  Yauquelin  and 
Proust  found, 

Yauquelin.  Proust. 

Carbonate  of  calcium 89*6  91 

Phosphate  of  calcium,  with  a  little  phosphate  of 

magnesium 6*7  7 

Animal  matter  containing  sulphur       •        .        .  4-7  2 

1000     Too 

The  egg-shell  of  the  ostrich  contains,  according  to  Wicke,  3*28  p.  c  organic  matter 
and  97*41  carbonate  of  calcium. 

The  lining  membrane  of  the  shell  of  poultry  eggs  contains,  according  to  Scherer, 
60*7  p.  c  carbon,  6*6  hydrogen,  16*8  nitrogen,  and26'0  oxygen  and  sulphur.  When 
incinerated,  it  leaves  a  small  quanti^  of  ash  consisting  chiefly  of  phosphate  of  calcium. 

The  white  or  albumen  of  the  egg  is  not  a  mere  solution  of  albumin  or  albuminate  of 
sodium  in  water.  When  examined  by  the  microscope,  it  exhibits,  besides  the  chahma 
and  the  amorphous  cellular  membranes,  a  number  of  small  bodies  with  three  projecting 
points,  or  aggregates  of  small  needles,  consisting  of  fat  The  cellular  membrane  is  that 
which  gives  the  gelatinous  consistence  to  white  of  egg.  When  the  white  is  beaten  up 
with  water,  and  the  intimate  mixture  thus  formed  is  diluted  with  a  large  quantity  of 
water,  the  chahizs  and  membranes  separate  as  a  flocculent  sediment 

Ldimann  found  in  white  of  egg,  in  addition  to  albumin,  a  small  quantity  of  fat, 
glucose,  extractive  matter,  mineral  salts,  and  free  gases.  Nickl^  found  a 
trace  of  fluorine.  In  the  fresh  white  of  poultry  eggs,  Lehmaun  found  carbonates  in 
variable  quantity,  depending  perhaps  on  the  time  for  which  the  eggs  had  been  exposed 
to  the  air.  The  quantity  of  water  in  the  albumen  varies  from  82  to  88  p.  c. ;  the 
quantity  of  albumin,  mostly  in  combination  with  soda,  is  about  12*6  p.  c.  of  the  fresh 
aUwmen;  that  of  the  extractive  matters  is  3*14  p.  c.  of  the  solid  residue.  The  pro- 
portion of  inorganic  salts  is  0*64  to  0*68  (Lehmann),  0*66  (Poleck).  The  dried 
residue  of  the  albumen  yields  3*042  p.  c.  fusible  ash  (Lehmann).  In  the  dried 
albumen  of  poultry  eggs,  Lehmann  found,  as  an  average  of  numerous  determinations, 
0*6  p.  c.  fermentable  sugar.  O.  Meissner  found  a  much  larger  quantity,  viz.  8  p.  c.  of 
the  dried  residue.  In  100  pts.  of  the  ash  of  the  albumen  of  poultry  eggs,  Poleck  found 
26*67  KCl,  8-67  NaCl.  6*43  KK),  12*49  Na«0,  6*26  Ca«0,  703  U^,  209  Fe*0«. 
16*28  PH)*,  0*84  S0»,  901  C0«,  and  706  SiO«.  The  chlorides  and  other  soluble  salts 
form  the  larger  portion  of  this  ash,  whereas  in  the  ash  of  the  yolk,  the  insoluble  salts 
predominate. 

The  yolk  of  birds*  eggs  forms  a  thick,  viscid,  slightly  translucent  yellow  liquid, 
destitute  of  odour,  but  having  a  faint  peculiar  taste :  when  mixed  with  water,  it  forms 
a  white  emulsion.  It  blues  reddened  litmus  paper,  solidifles  to  a  friable  mass  when 
boiled,  is  coagulated  by  cold  alcohol,  and  gives  up  to  ether  a  reddish-yellow  fat 
When  examined  by  the  microscope,  it  is  found  to  consist  of  a  semifluid  mass  of  veiy 
tai&cranuU$,  amonsst  which  there  swim  variously  sixed  yolk-cormucUs  KaAfat  ff lobules. 

lie  joKk-eorpoaoM  consist  mainly  of  fat  and  pigment ;  the  fine  granules,  according 
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to  Lohmann,  of  msetn  coatominfr  bmt  a  small  quantity  of  alkali ;  the  fluid  of  tho 
yolk  consLsta  of  albumin  poor  in  alkali,  in  a  state  of  actunl  solution.  The  flubstaace 
formerly  t!alled  ritellin  is  now  known  to  be  n  mijctijre  of  casein  and  albumin. 

Til©  fat  of  the  yolk  appears  to  consist  chiefly  of  okin  and  palmitin  ;  it  also  eontjiins 
cbolesterin  or  &  Tery  sLmilar  body,  and  according  to  Gobley,  cerobrin  and  lecithin 
[q.  t».)  The  colouring  matters  of  the  yolk  have  not  been  acenrately  investigated  :  it  is 
mirely  known  that  ibey  consist  of  a  red  and  a  yellow  pigment,  one  or  me  other  of 
which  is  albuminous* 

In  1000  pta.  of  the  yolk  of  the  egg  of  the  domestic  fowl,  Gobley  found  5 14  90  wat«T, 
lo7*60  vitellin,  30470  fat  (consistiag  of  213  00  palmttin  and  olein,  4-4i>  choleetenn^ 
84-30  lecithin  and  300  cerebnn),  4(i0  alcoholic  eitmct,  fioO  colourini?  matter,  Q'M 
ddoride  of  ammonium,  2*80  alkaline  chlorides  and  sulphates,  10'20  earthy  phosphates, 
with  a  trace  of  oxide  of  iron. 

Among  the  constitnentfl  of  the  ash,  the  potaaslum-salta  and  phosphates  occupy  tlio 
chief  place,  the  chlorides  and  tho  sodium-salts  being  present  in  small  quantity  only. 
Poleck  found  in  100  pts.  of  the  ash  of  tho  yolk  of  hens'  eggs,  5*94  potash,  4*82  Bodn^ 
16-79  lime,  2-3fl  magnesia,  1*85  ferric  oxide,  68  26  phosphoric  anhydride,  and  0'92 
silica  (»  99-94). 

Changes  of  the  egg  during  incuhati&n,  —  From  obserrations  on  the  eggs  of  tho 
domestic!  fowl,  Prout  deduced  the  following  oonclnsiona : 

1.  Tho  relative  weights  of  the  several  parts  of  the  egg  vary  considerably.  Tf  n 
eggs  gave  on  the  arerage,  in  1000  pts. ;  sheil  and  lining  niembntno  106-9  pts.,  -whit^ 
604-2,  yolk  2889.  Themembrtine  weighs  about  2j  pts.  per  thousand  of  the  entire  egg. 
— 2.  The  egg  loses  during  incubittion  about  J  of  its  weight,  which  is  about  eight  timts 
as  much  as  it  would  lose  in  the  same  titne  if  left  to  itself.— 3.  At  the  commencement 
of  incuhtition^  the  yolk  gives  up  oil  to  tho  white,  whereby  tho  white  is  alrer^d  and 
becomes  like  the  casein  of  milk,  the  yolk  at  the  same  time  taking  up  water  and  salts, 
—  4.  At  a  later  stage,  the  wiitcr  and  salts  leave  the  yolk,  which  gradually  resumes  its 
original  volume.  In  the  hist  week  of  incubation^  it  diminishes  still  farther  in  bnlk, 
and^res  up  tho  greater  part  of  i^ts  phosphorus,  which  is  used  in  the  formation  of  Iwne, 
uniting  as  pbosphorifi!  acid  with  Umo,  which  is  not  originally  contained  in  the  fluids  of 
the  egg,  but  appears  to  be  derived  from  the  shell. 

The  results  obtained  by  Prevost  and  Bnmas  are  as  follows :  The  contents  of  the  un- 
incnbated  egg  were  found  to  con.ii^t  of  10  72  |>er  cent,  fat,  16*58  substance  free  fr<>m 
fat  (8- 19  in  the  white  and  836  in  the  yolk)  and  72*55  per  cent  water.  After  seven 
days*  incubation,  the  inner  part  of  the  egg  consisted  of  932  per  cent,  ether- extract, 
13'94  substance  free  fpom  fat  (with  8  per  cent*  albumin),  and  76"74  water.  Of 
substance  free  from  fat  the  white  contained  34  9  per  cent.,  the  thick  yolk  1 65,  tho 
fluid  yolk  4-4,  the  membrftn»?«  of  the  wbite  7 '7.  the  amniotic  hquid  13  per  t'ent»  The 
fat  and  solid  substance  had  theruforo  diminighed  during  incubation,  but  tho  amount 
of  water  was  relatively  increased  after  fourteen  days'  incubation,  the  lining  membrane 
of  the  Bhell,  the  interior  of  the  fcetus,  and  in  one  instance  also,  the  amniotic  liquid 
oxhibit4?il  an  acid  reaction.  100  pts.  of  the  interior  of  the  egg  consisted  of  9'46  ether- 
extnict,  16-09  dry  matter  with  7*7  albumin,  and  7443  water.  The  white  contained 
3  3  per  cent,  dry  matter  free  from  fat ;  the  yolk  19  3  ;  the  membranes  9\  ;  the  fcetus 
7'2  ;  the  amnios  1*4  per  cent.  After  twentynsne  days'  incubation,  the  interior  of  tho 
egg  consisted  of  5-68  per  cent  fat,  15*44  diy  substance  free  from  fat  (J  o^  which  was 
yolk,  I  yolk-membrane  and  }  fcetus),  and'  78-88  per  cent,  water.  The  yolk  then 
contained  290  per  cent,  the  yolk  membrane  206,  the  frnttis  14-6  per  cent,  dry  matter 
free  from  fat. 

The  weight  of  the  shell  remained  nearly  constant.  The  fat  of  the  egg  before 
incubation  had  a  uniform  yellow  colour  ;  on  the  seventh  day  the  thick  yolk  yielded  to 
ether  a  yellow  oil;  the  bquid  yolk  a  yellow,  later  a  colourless  fat.  The  membmnes 
and  amnioii  yielded  a  thick  white  fat,  the  fcetus  a  white  fat  Uke  hogs  lard.  On  tho 
fburteenth  day,  the  yolk-oil  was  yeUow  and  thick ;  that  of  the  fcetus  reddish  and  sotid. 
On  the  twenty- first  day,  the  yolk-fat  was  thick  and  pale  yellow ;  that  of  the  mem- 
branes dark  yellow  and  partially  solid :  the  fcotua  yielded  at  first  a  solid  yellow,  after- 
wards a  soft,  white  fat. 

Resspecting  the  mineral  constittients  of  eggs,  IV^Toat  and  Morin  haTe  obtained  the 
following  results : 

Eggs  before  incubation  contained ; 

Dry  lubiLnnee 

free  from  fat. 
In  the  white     ,        .        •     15  090 
In  til©  yolk       .        .        *     16'166 


30-256 


Ash, 

0-85 
0-90 

175 


fmaluble 

phosphnte*. 

0*13 

0-90 


Soluble 
068 


103 


0-68 
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After  twenty-one  days  incubation : 

DnriubsUnce  .  .  Insoluble  Soluble 

free  firom  fat.  ^*"'  pboiphates.        Mitt. 

In  the  jolk  .         .        .     6-61  0150  0-145  0005 

,,      yolk-membrane  .    4*80  0*205  0*205 

"       ^T^S;.'*''"'~"''^S   ^^2  0040  0015  0025 

„      fcBtua         .        .        .  16*87  1*825  1059  0730 

27*60  2-220  1*424  0*760 

The  loss  of  weight  of  the  egg  during  incubation  was  found  by  Provost  and  Morin 
(contrary  to  the  observations  of  Prout,  p.  364)  to  be  the  same  in  a  giren  time  as  that 
of  the  ege  when  left  to  itself^  so  that  it  appears  to  arise  from  simple  drying.  Unim- 
pregnated  eggs  do  not  putrefy  during  incubation,  their  contents  retain  their  original 
consistence,  but  the  yolk  becomes  darker. 

It  has  long  been  known  that  non-incubated  eggs  respire,  giving  off  water  and 
carbonic  acid  and  absorbing  oxygen,  so  that  the  air  confined  at  the  broad  end  of  the 
egg  is  richer  in  oxygen  than  the  external  air.  From  the  investigations  of  Baudrimont 
and  St.  Ange,  as  well  as  from  those  of  Vibor^  and  Schwann,  it  appears  that  this 
process  of  respiration,  in  other  words,  the  interchange  of  gas  through  the  shell,  is  acce- 
lerated during  incubation,  and  is  moreover  necessary  to  the  process  of  development,  inas- 
much as  eggs  enclosed  in  an  atmosphere  of  hydrogen  or  carbonic  anhydride  quickly  die. 

Effffs  of  Fi 8 he 8. — The  eggs  of  fishes,  and  likewise  those  of  reptiles,  insects,  mol* 
lusca,  &c.,  do  not  contain  an  albuminous  investment  like  that  of  birds'  eggs,  but  con- 
sist merely  of  a  fluid  corresponding  to  the  yolk,  and  enclosed  in  a  membrane,  which  is 
itself  enclosed  in  a  shelL 

The  yolk,  or  vitellum,  of  the  eggs  of  cartilaginous  fishes  consists  of  an  albuminous 
liquid,  holding  in  solution  certain  mineral  salts,  chiefly  chlorides  and  phosphates,  and 
in  suspension,  white  grains  or  plates,  consisting  of  ichthin,  the  form  of  which  is 
regular  and  constant  in  each  species,  but  differs  in  different  species.  According  to 
Radlkofer,  they  are  crystalline  and  double-refracting.  These  grains  are  mixed  with  a 
small  quantity  of  phosphorettcd  fat,  which  is  soluble  in  ether  and  alcohol,  forms  a 
kind  of  mucilage  with  water,  and  exhibits  some  analogy  to  the  oleophosphoric  acid  of 
the  brain.    (Valenciennes  and Fr^my.) 

The  roe  of  the  sturgeon  is  salted  and  sold  as  caviare.  John  found  in  100  pts.  of  it, 
6*2  fluid  albumin,  4*3  butyraceous  fat,  6*7  common  salt,  0*5  phosphate  of  calaum  with 
a  little  iron,  24*3  coagulated  albumin,  and  68  water. 

The  eggs  of  bony  fishes  also  contain  grains  or  plates  similar  to  those  in  the  yolk  of 
cartilaginous  fishes,  but  consisting  of  three  substances  insoluble  in  water,  viz.  ichthin, 
ichthidin,  and  ichthulin.  The  albumin  of  fishes'  eggs  appears  to  differ  from  that 
of  birds'  eggs ;  in  fact,  that  of  certain  fishes  dissolves  in  hydrochloric  acid  without 
coloration,  and  begins  to  coagulate  at  45°  C,  whereas  the  albumin  of  birds'  eggs 
dissolves  in  hydrochloric  acid  with  deep  violet-blue  colour,  and  does  not  coagulate 
below  60°  C. 

The  fluids  of  the  eggs  of  bony  fishes  undergo  a  change  of  composition  during  their 
sojourn  in  the  oviduct.  While  still  attached  to  the  ovary,  they  contain  only  traces  of 
albumin,  but  those  in  the  oviduct  contain  a  considerable  quantity  of  it  The 
eggs  of  the  carp  in  an  early  stage  of  development  contain  ichthidin  and  ichthulin ; 
when  fully  developed,  they  no  longer  contain  ichthidin,  the  ichthulin  gradually  dis- 
appears, and  when  they  have  become  quite  transparent,  they  contain  nothing  but  a 
Btrongjy  albuminous  liquid,  holding  phosphoret ted  fat  in  suspension.  (Valenciennes 
and  Frimy.) 

According  to  Gobley  (J.  Phys.  Chim.  [3]  xi.  409;  xii.  513),  carps*  eggs  exhibit  in 
their  composition  a  certain  degree  of  similarity  to  hens'  eggs.  They  appear  to  be  defi- 
cient in  the  alkaline  albumin  which  surrounds  the  yolk  of  the  fowl's  egg,  but  they  contain 
an  albuminous  substance,  paravitcllin,  agreeing  in  composition  and  properties  with 
vitellin,  and  a  fat^  which,  like  that  of  the  yolk  of  poultry  eggs,  is  composed  of  a  fixed 
oil  and  a  tenacious  infusible  substance.  The  oil,  which  is  present  in  small  quantity 
only,  consists  of  olein  and  palmitin ;  the  tenacious  substance  is  a  mixture  of  several 
compounds,  including  cholesterin,  lecithin,  and  cerebrin,  the  second  of  which 
eontains  phosphorus.  Carps'  eggs  boiled  with  water  yield,  according  to  Gobley,  an 
acid  liquid,  which  becomes  more  acid  on  addition  of  alcohol.  The  colouring  matter  of 
carps'  eggs  appears  to  be  of  two  kinds,  like  that  of  poultiy  eggs,  a  red  ferruginous  sub* 
stance,  like  the  colouring  matter  of  blood,  and  a  yellow  substance.  Gobley  gives  the 
mean  percentage  composition  of  the  eggs,  as  follows  : — 64  08  water,  14  06  paravitcllin, 
2*57  olein  and  palmitin,  0*26  cholesterin,  304  lecithin,  0*20  cerebrin,  004  chloride  of 
ammoniom,  0*45  chlorides  of  potassium  and  sodium,  0*04  sulphate  and  phosphate  of 
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potJisBianif  0'29  phosphates  of  magncsiam  and  cakium,  0'S9  extract  of  flesh,  14*53 
membrasei  and  0  0 3  colouring  matter,  with  traces  of  iron,  and  loss. 

Effff^  of  Reptile $, — Tho  eggs  of  the  tortoitt  a^^  composed  of  a  gelatmoua  white, 
Bmall  in  quantity,  containing  but  little  albumin^  and  iMit;los6d  in  the  L*«dLs  of  the  largo 
tranitpareDt  membranes.  The  jolk  is  Tery  rich  in  albumin,  and  coDtaina  a  consi- 
derable quantity  of  phosphorelted  oil  together  with  gruina  of  emydin  {q.  v.). 

In  the  egg-»ht>ll  of  Emys  amasonka^  L.  Gmelin  found  266  per  cent  animal  matter 
iuaolublo  in  hydrochloric  ueid,  10  7  animal  matter  soluble  in  that  acid,  b^i.  carbonate 
of  calcium,  7*3  phoBphtit<?  of  cakium,  and  traces  of  magnesia. 

In  tho  egg-shell  of  Alligator  sdempe^  not  quit6  fjc«ed  from  membrane,  Bnimrocr- 
■ladt  found  1'33  per  cent  water,  £99  oi^gimic  matter,  91^10  carbonate  of  calcium,  2*33 
carbomitc  of  mognefiium,  and  OM  earthy  phosphates. 

Tho  p^n  of  the  lizard  resemble  thoso  of  the  tortoiao  to  a  certam  extent ;  they  do 
not  contain  ich thin  or  emy din .     (Valenciennes  and  F  r  e  ni  y  ) 

Tho  eggs  of  the  eommon  inper  contain  an  albumin,  like  that  of  the  ray,  gelatilMiat, 
and  made  up  of  transparent  elastic  films  cont-aining  a  Blightly  albuminatod  wat^T. 
The  yolk  couta^ins  a  liquid  Tery  rich  in  albumin,  and  haring  a  large  quautity  of  fat 
floating  in  it,  hut  on  bringing  it  in  contact  with  water^  the  liquid  thickens  more  and 
more  ;  and  at  last  becomes  quite  gclatioous.  This  change  of  state  is  due  to  the  pre- 
aeuce  of  a  body  resembling  viteilin^  which  is  rendered  iuaoluble  by  the  alow  action  of 
water*     (Valenciennes  and  Fr^my.) 

The  gelatinous  matter  of  the  eggs  of  froga  is  composed  of  a  tissue  of  hyaloid  mem- 
branes, containing  water,  absorbed  after  tho  eggs  hare  been  laid.  It  is  niodiiled  by 
boiling,  be>cotning  slightly  opaline,  while  the  yolk  hardens,  showing  that  it  oontaina 
albumin.  The  yolk  is  blackened  by  a  peculiar  pigment,  which  also  colours  the  ex- 
tremely thin  Titellin©  membnine;  the  liquid  of  the  yolk  contains  a  very  small  quantity 
of  fatty  matter  united  in  trftnsporent  drops  :  another  substance  which ^  under  the  micro- 
scope, presctita  the  appearance  of  an  extrcmtdy  thin  membrane,  covered  with  black 
dots,  and  a  large  quantity  of  extremely  small  vitelline  granules^  insoluble  in  water, 
but  soluble  in  acetic  acid^  The  eggs  of  trttima  exhibit  the  same  composition ;  tho 
white  exterior  matter  is  similar  to  that  of  froga'  eggs. 

Thfl  rggt  of  Crustaceans  do  not  oontain  ichthnlin  ;  their  albumin  appears  to  differ 
in  some  respects  £tom  that  of  otlier  oggBi,  sot  ooa^^nlating  below  74^  C.  The  eggs  of 
crahs  and  wbstrrs  contain  tho  subetance  which  exists  in  the  shell  of  the  aniraal,  and 
is  the  cause  of  the  red  colour  which  it  assumes  when  boiled.  In  the  eggs,  thi»  sub- 
stance appears  to  he  in  a  fstate  of  solution,  and  to  be  precipitated,  on  diluting  the 
cninhed  eggH  with  water,  as  a  grc^n  rcjiinous  substance,  which  is  reddened  even  by 
drving  in  vacuo,  also  by  the  action  of  salta  which  absorb  water,  by  tho  action  of  al- 
cohol or  ether,  and  lastly  when  rubbed  with  a  solid  body.  In  tho  reddened  state,  tho 
colouring  matter  mayeasET  be  obtained  by  heating  the  albuminous  liquid  which  holsls 
it  in  solution,  and  mssolTmg  out  the  colouring  matter  from  the  coagulated  albumin 
which  encloses  it»  by  means  of  alcohol     (Va  1  enciennes  and  F r<5 m y.) 

Efjgs  of  Arachnid  a  and  Intecis.—'IhG  Ojjgs  of  fpid*ri  cmitain  alhumiD,  fatty 
matlers*  and  a  largo  quantity  of  matter  precipitable  by  water.  The  eggs  of  ttnt^  exhibit 
similiir  composition.     (Valenciennes  and  Frdmy.) 

Reinscb  found  in  the  egga  of  PapUia  Craiwgi^  2*36  per  cent,  shell  (rontainrng  2  H 
animal  matter,  and  0*22  carbonate  of  calcium),  8'32  albumin,  8*22  fat,  with  trarcfl  of 
volatile  oil,  0*83  umsaponiflable  fat,  0*57  phosphate  of  calcium,  with  traces  of  ferric 
oxide,  4"65  animal  substances  with  salts,  and  76*00  water. 

Eggs  of  Mollnttca,—T\\^9Q  eggs  appear  to  differ  altogether  in  oompofiition  from 
those  of  other  animals.  Thiifl  the  eggs  of  the  snail  do  not  contain  a  trace  of  fiit,  )mt 
ar<5i  formed  entirely  of  hyaloid  membranes,  enclosing  a  viscid,  colourless  liquid,  wliirh 
holds  in  solution  an  azotised  body  diBerent  from  albumin,  inasmuch  as  it  dor^s  iml 
coiigulute  by  heat,  is  precipitjited  by  acetic  add,  and  dissolves  in  hydrochloric  acid,!" 
without  producing  a  violet  colour.     (Valenciennes  and  Fr<i my.)  I 

F.  W.  Burdoch  examined  tho  eggs  of  Li mntf  us  stagnafis,  in  different  ^ia^es  of  dcve*l 
lopment.,  with  the  view  of  ascertaining  whether  the  quantity  of  fat  in  them  increase!  | 
during  their  development  at  the  expense  of  the  albuminoids.     Tho  eggs  in  an  early  I 
stage  of  development  were  found  to  contain  in  the  drjvgtate,  4D5  per  cent.  minenil| 
saltsi,  0"6fi  flits,  and  therefore,  &5-26  albuminates ;  in  a  second  experiment,  'S&d  salti 
0'8i  fat,  and  96*81  al!)uminate«.     Tho  fully  developed  eggs  yielded  6  00  and  6*62  p 
cent  salts,  2'18  and  166  fat,  and  91-82  albuminates.      These  experiments  seem 
show  that  the  albuminates  are  partly  converted  into  fat  in  the  process  of  development, 
(Bnrdachf  De  c&mnmtai.  subst.  protein*  in  adipcTfit  Dissertatio,    Regiomontii  P^tissop,  ' 
1863.) 

The  following  general  conclusions  are  deduced  by  Valenciennes  and  Ft4snj  bom. 
their  researches  on  the  eggs  of  different  classes  and  orders  of  aninyLkk 
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!•  Among  Tertdbrato  animala,  the  eggs  of  birds,  reptiles,  and  fishes  exhilnt  differ- 
ences which  may  be  demonstrated  bj  the  most  simple  analysis ;  nevertheless,  the 
eggs  of  saurians  and  ophidians  present  considerable  analog  to  those  of  birds,  whereas 
the  eggs  of  batrachians  raproach  more  to  those  of  cartila^oos  fishes. 

2.  The  eggs  of  arachnioa  and  insects  differ  altogether  m  composition  trom  those  of 
other  animals. 

3.  The  eggs  of  crostaoeans,  which  are  organised  so  as  to  be  hatched  in  water,  exhibit 
no  resemblance  to  those  of  fishes  or  amphibious  vert^brata. 

4.  Similar  observations  apply  to  the  eggs  of  molluscs. 

6,  These  differences  correspond  not  only  with  classes  and  orders,  but  likewise 
extend  to  natural  families,  and  do  not  stop  even  there ;  inasmuch  as  the  eggs  of  carti- 
laginous fishes  have  not  the  same  composition  as  those  of  bony  fishes :  moreover,  a 
carp's  egg  is  very  different  from  that  of  a  salmon,  and  the  egg  of  an  ophidian,  an 
adder,  for  example,  does  not  contain  the  same  principles  as  that  of  a  chelonian. 

6.  Eggs  contain  several  distinct  proximate  principles,  viz.  vitellin,  ichthin,  ichthnlin, 
iehthidin,  and  emydin,  designated  by  the  generic  name  of  vitelline  substances. 

7.  Though  the  composition  of  the  proximate  principles  is  the  same  in  closely  allied 
spedea,  the  form  and  size  of  the  yitelline  substances  raries  sufficiently  to  be  recognised 
and  assigned  for  each  spedes. 

8.  The  albuminous  substances  derived  from  the  eg^  of  birds,  reptiles,  fishes  and 
crustaceans  exhibit  in  their  chemical  properties  and  in  their  point  of  congelation, 
differences  sufficient  to  justiQr  the  conclusion  that  they  constitute  different  proximate 
principles. 

9.  An  egg  undergoes  changes  attended  with  considerable  modifications  of  its  liquid 
constituents,  at  the  different  epochs  of  its  formation,  at  the  moment  of  its  separation 
from  the  ovaiy,  and  during  its  sojourn  in  the  oviduct  before  it  is  laid. 

BBUITB.  A  basic  phosphate  (or  phosphovanadate)  of  copper  found  at  Ehl,  near 
linz  on  the  Rhine,  at  Nischnei-Tagilsk  in  the  Ural,  and  at  Libethen  in  Hungaiy  (the 
so-called  crude  Ubeihenite),  usually  in  botryoidal  and  kidney^haped  aggregates,  or 
massive  and  imbedded,  rarely  crystallised.  It  cleaves  in  one  direction,  produces  a 
verdigris-green  to  emerald-green  streak,  is  translucent  on  the  edges,  has  a  nacreous 
lustre  on  the  cleavage  faces.  Hardness  »  1-5  to  4*0.  Specific  gravity  >»  3'8  to  4*3. 
Before  the  blowpipe  it  decrepitates  violently,  and  melts  easily  to  a  black  bead,  which 
soUdifies  in  the  crystalline  state.  On  charcoal  it  yields  copper.  Dissolves  easily  in 
hydrochloric  acid  and  in  ammonia. 

According  to  an  older  analysis  by  Bergemann  (Schw.  J.  liv.  305),  it  contains  24*93 
per  cent  PK)*,  65  99  CuK),  and  9*06  water,  agreeing  approximately  with  the  formula 
6Cu«0.PH)»  +  |HH),  or  2(Cu»PO\2CuHO)  +  WO  (calc  2394  I«0»,  6697  Cu'O,  and 
9*09  water),  ^alyses  by  R.  Hermann  ^ J.  pr,  Chem.  xxxvii  183),  Bhodius  (Und, 
xUi  457X  <^^  Nordenskiold  (ibid.  hah.  457),  lead  to  similar  results.  According 
to  a  later  analysis  by  Bergemann  (Jahresber.  v.  Leonhard  f.  Min.  1S58,  p.  191),  the 
mineral  likewise  contaftis  vanadium,  viz.  734  V«0",  17  89  P*0»,  6409  Cu«0,  and  8-90, 
which  may  be  represented  by  the  formula  3Cu^.V=0»  +  6(3Cu«OJ>«0*  +  aq.)  + 
8(CuK).H«0X  or  Cu"VO».3(2Cu"PO*.aq.).3CuHO.  But  it  is  probably  a  mixture,  aa 
indeed  might  be  inferred  from  the  great  variations  in  its  hardness  and  density. 

Hire  WlffBBRCHLX-lfl.  An  amorphous  mineral  occurring  as  a  deposit  in  trachyte 
in  the  Siebezigebirg.  In  the  recent  state  it  is  nearly  gelatinous,  easily  compressible, 
and  when  dried  becomes  lighter  in  colour,  fissured,  fine-grained,  and  opaque.  In  the 
dry  state  it  adheres  but  littie  to  the  tongue.  In  water  it  disintegrates  and  resumes  its 
original  character.  According  to  Ehrenber^  it  becomes  white  by  gentle  ignition,  but 
recovers  its  former  colour  by  immersion  m  water.  Analyses  by  Bischof  (L)  and 
Sehnabel  (H.)  show  that  its  composition  is  very  variable : 


SiO« 

A1«0« 

Fe*0« 

Mn«0 

CuK) 

Mg«0 

H»0  KK),NaK)    Total. 

L    64-54 

6-04 

4-56 

4-61 

3-96 

0-41 

7-77        8-11     .    100 

XL    56-77 

15-77 

1-65 

0-86 

2-76 

1-30 

17-11        3-78     .    100 

Aeeotding  to  Schnabel,  water  extracts  from  it  chlorine,  sulphuric  acid,  and  magnesia ; 
hydrochloric  add  extracts  iron  and  manganese.    (Jahiesber.  d.  Chem.  1852,  p.  867.) 

A  massive  fibrous  variety  of  Scapolite  {q.  v.) 

(yWK — Syn.  with  Nontlbnb  {q,  v.) 

A  variety  of  nephelin,  having  a  wa^nr  or  fatty  lustre,  slight  trans- 

Ittoence^  and  a  grej,  ding^  blue,  green,  red,  or  brown  colour.  In  cryst^ne  form  and 
eoiapoeition  it  does  not  differ  essentially  from  nephelin,  but  is  distinguished  by  the 
greatct  ease  with  which  it  melts  to  a  tumid  gkss.    (See  Nephslut.) 

A  kind  of  hydrometer  for  detecting  adulterations  in  fixed  oi]% 
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•ticli  flfl  pnlm-oil,  linseed-oU,  &c.,  by  their  ispe<'jflc  gravity,  and  partly  hUo  l>y  tbej^ 
diffisrent  rates  of  €JLpaDsion  by  h€»at^     The  indiciitioas  are  not  very  exact, 

S^lEOPTSlffll.  A  term  Applied  to  thoniorc*  TolatUeporfion  of  anaturaJ  (^ssontiol 
oil,  the  otlior  portion,  which  solidifies  more  readily,  being  cjdJed  h  steartiptcne  or  ciirnphor, 

KbJEOSACCHA&tnkC  Otlirucktr. — A  fini'ly  tritur&ted  mixture  of  sugar  with  a 
TolaLiJa  oil  (t^  g,  oil  of  anise,  lemon,  &c.  Eltpftsacch^rum  ajiisi^  cilri,  &c.).  Such  mix- 
tures may  be  prepartnl  by  rubbing  the  rind  of  lemoue,  oranges^  &c*,  or  th<?  fmita  tliera- 
Belres,  on  loaf  sugiir^  or  by  directly  mixiiLg  the  aromatiG  Babstatice  with  the  sagur,  as  m 
the  preparation  of  ranille. 

VlLAEJtXlir.  The  name  p^iven  by  Chevroul  to  the  more  fusible  constituent  of  tli© 
grease  of  sheop  s  wool,  in  whic-h  it  is  a&soeiatcd  with  stf^arin.  It  is  ftaid  to  saponify 
with  difficulty,  yielding  a  peculiar  acid,  elaeric  acid.  Neither  the  fat  nor  the  acid 
has  been  sufficiently  examined  to  establish  it«  separate  identity* 

B^AXC  ikCIII*     Syn.  with  Oleic  Acm. 

iSXiAIBIC  ACIS.  C*«H"'0».  (Boudet,  Ann.  Cb,  Phva.  L  39L— Laurent, 
ibid,  kv*  149.— Mtfjer,  Ann.  Ch.  Pharm.  xixt.  174.— Gottlieb,  ihid.  Ivii.  iJL)— A 
eolid  isomeric  modification  of  oleic  acid,  produced  by  the  action  of  uitrotis  a^^-id.  It 
may  be  obtained  by  solidiiying  oliTO  oil  with  rapour  of  nitrotiji  acid,  or  with  mer- 
curous  nitrate,  saponiiying  the  solid  gl^ceride  thus  obtained  (elajdin ).  and  divompos- 
ing  it  with  a  mineral  acid  The  elaidic  acid  thus  obtained  is,  however,  always  more 
or  less  contaminated  with  maiTgaric  acid.  A  better  pfDCcas  iB  to  treat  pure  oleic 
acid  with  nitrous  acid.  Elaidic  acid  may  also  be  prepared  by  decompxitiing  oleate  of 
barium  with  a  (quantity  of  fuming  nitric  acid,  exactly  sufficient  to  unite  with  the 
barj'ta.  On  leaving  the  liquid  at  rest,  the  ehudic  acid  rises  to  the  surface,  and  may  I  wo 
freed  from  unaltered  oleic  acid  by  pn^anre  between  bibulous  paper  and  cry st alligation 
from  alcohol. 

Elatdic  acid  melts  between  44°  and  45°  C,  It  dmsolves  readily  in  atafhfil,  and  is 
deposited  from  the  concentrated  solution  in  kminie  resembling  benzoic  acid;  it  likcMTs© 
dissolves  in  cYArr,  hut  not  bo  freely.  The  solutions  have  an  acid  reaction.  WJien  kept 
for  a  long  time  at  65'^  C.  it  absorbs  oxygen,  acquires  a  disagreeable  odour,  liquefies,  and 
is  then  no  longer  solidified  by  nitrons  acid,  ElaVdic  acid  distils  for  the  niosf  part  with- 
out alteration.  Treated  with  melting  potash  it  is  conTerted^  like  oleic  acid,  iiito 
acetate  and  palmitate  of  potassium,  with  evolution  of  hydnjgen : 

0»*H«0»  +  2KH0  -  C^»£0»  +  C'*H"'KO'  +  m 

The  Elaidjltes,  C'H'^O*  are  isomeriewith  the  oleates.  All  the  neutral  elaidatc« 
are  insoluble  in  water,  only  the  alkalise  salta  containing  excess  of  alkali  being  soluble. 
An  excess  of  water  decomposes  them,  precipitating  add  salts. 

Elmdate  of  ammonium  crystallises  in  scalea;  it  is  sparingly  soluble  in  ether.  The 
PQta$tiitm'Saii  also  cn^Mtallises  in  acales ;  the  sodium-salt  in  lajrge  shining  leaflets. 
The  harinm"  and  lead-anXiM  are  white  precipitates.  The  ailvcr^alt,  C'*H''AgO^,  is  a 
white  precipitate,  sparingly  soluble  in  water,  alcohol,  and  ether,  when  once  dried, 
easily  soluble  when  recently  precipitated*  It  dissolves  easily  in  warm  aqueous  am- 
moiiiti,  and  is  deposited  in  great  part  on  cooling  in  small  pri.smatic  crystals, 

SXi^JCSXC  STH£ms,  (Laurent,  Ann.  Ch.  Phys.  xxxr.  296.— Meyer,  Ann. 
Ch.  Phiirm.  xixv.  UQ.)—ElniduU  of  Ethyi,  C'•II«O^C^^^  is  obtained  Ly  boiling 
2  pta.  of  elaidic  acid  with  1  pt.  of  sulphuric  acid  and  4  pts.  of  alcohol,  boiling  the  mix- 
11111?,  with  cobobetion,  for  several  hours;  also  by  saturating  an  uleobolie  solution  of 
daidio  acid  with  hydrochloric  acid.  It  is  a  colourless  oil,  odoarlesa  in  the  cxrld,  of 
specific  gravity  0869  at  18**  C. ;  insoluble  in  water.  Alcohol  dissolve's  about  J  of  its 
volume  of  it ;  ether  dissolves  it  in  all  proiwrtions.  It  boils  a  little  alx»ve  31U°  C,  and 
distils  without  alteration,  according  to  Lanrent ;  according  to  Meyer,  it  is  decomixjsed 
by  diitiUation.    Alkalis  in  alcoholic  solution  convert  it  into  an  alkaline  elaidat-e. 

El  a  td a  ti^  t>f  Mi^  t  hj/ 1,  C*"il»0=. CE'. —Prepared  like  the  preceding  compou nd.  It 
is  an  oilj  liquid  of  specific  gravity  0'872  at  18'^  C. 

gJ^ATPiy.  A  solid  isomeric  modification  of  olein,  produced  by  tJie  action  of 
nitrous  ucid  (or  of  nitric  acid  in  contact  with  TOercnry)  on  olein ;  fuming  nitric  arid  also 
solidifies  olein  after  some  time,  but  an  excess  of  the  acid  hinders  the  solidification. 
KlaMin,  like  olein,  has  never  been  obtained  sufficiently  pure  for  analysis,  being  always 
contaminated  with  margurin,  and  an  oily  subjittnce  which  is  reddened  by  potash.  It 
mar  bo  purified  to  a  certain  extent  by  diasolvinrr  it  in  ether,  cooling  the  solution  to 
0^  C,,  and  washing  the  deposit  with  ether.  Elaidin  thus  prepared  bears  considerable 
resemblance  to  stearin,  and  acconling  to  Meyer's  analysis  (Ann.  Ch.  Pliarm.  xxiv» 
178),  which  gave  77*3  percent,  carbon  and  12*0  hydrogen,  mav  be  regarded  a*  tri- 
elaidin,  C"E"*0«  =  CH-O*  (glyceric)  +  3C"H»*0-  (ehudic  acid)  -  3li«0  (cale. 
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7*73  carbon,  and  11*7  hydrogen).  It  melts  at  32°  C,  is  nearly  insoluble  in  alcohol, 
bnt  dLwolves  readily  in  ether.  By  dry  distillation  it  yields  acrolein,  elni'dic  acid,  and 
hydrocarbons. 

Elai'din  is  saponified  by  alkalis,  yielding  glycerin  and  a  salt  of  elaidic  acid.     The 
Unffumium  oxygenatum  and  U.  citrinum  of  the  pharmacopceias,  prepared  &om  hog's 
lard  with  nitric  acid,  contain  impure  elaidin. 
Syn.  with  Ousm. 
r-PB08FB0RZ0  AOZB.    Syn.  with  Olbofhosphohic  Acid. 
r*8inbFUUJtZO  ACZB.    Syn.  with  Oleosulphubic  or  Sxtlpholbic  Acn>. 
Uliil  TOPIC  AOZB.    Syn.  with  Bicinolbic  Acid. 

aZhflLZOMBTaS.  Berjot's  name  for  a  percolating  apparatus,  in  which  he  ex- 
hausts oily  seeds  with  sulphide  of  carbon,  in  order  to  determine  the  quantity  of  oil 
contained  in  them,  by  evaporating  the  sulphide  of  carbon  and  weighing  the  oil  which 
remains.     (B^p.  Chim.  app.  ii  160.) 

lITi  A Ti'DHmrPB,  A  solid  isomeric  modification  of  aldehyde  (i.  109).  Lieben 
(Ann.  Ch.  Pharm.  Suppl.  Bd.  i  1 14^  has  shown  that  a  similar  modification  may  be 
obtained  by  treating  aldehyde  with  iodide  of  ethyL 

LOWB.    Syn.  with  Olbonb. 

UB«    Syn.  with  Fouatkd  Tbllttbitth.    (See  Trllubiitx.) 

BTZO  BlTUBUBir.    Syn.  with  Eiatebfib. 


WLABVXO  TZ881FB.  (Lehman n,  Physioloffical  Chemistry,  iii.  49;  also  Gmetin's 
HandbucK,  viii  459.  Handw.  d.  Chem.  2*«  Aufl.  ii.  [3]  667.)— The  elementary  fibres 
of  this  tissue  are  somewhat  extensively  distributed  in  the  animal  organism,  though 
they  never  occur  independently  of  other  histological  elements.  They  are  most  com- 
monly found  intermixed  with  the  fibres  of  the  connective  tissue,  very  frequentljr  also 
with  smooth  muscular  fibres.  They  occur  in  the  yellow  elastic  ligaments,  as  in  the 
Idgamenta  fiava  of  the  vertebral  column,  the  inferior  vocal  chords,  the  Ligajnentum 
nucha  or  neck-band  of  mammals,  the  elastic  ligaments  of  the  claws  of  the  felidse,  and 
the  hinge-ligament  of  bivalves.  Large  groups  of  elastic  fibres  connected  into  mem-  * 
branous  sheaths  are  met  with  in  the /a«M*a  lata  and  in  the  middle  coats  of  the  arteries 
and  veins.  Smaller  accumulations  of  these  fibres  occur  in  many  other  parts,  as,  for 
instance,  in  the  corium,  and  under  the  mucous  membrane,  more  especially  in  the 
pharynx,  the  pylorus,  csecum,  &c  The  diameter  of  the  elastic  fibres  varies  consider- 
ably in  different  parts ;  thus,  in  the  serous  membranes,  they  are  so  fine  as  not  to  admit 
of  exact  measurement,  whereas  in  the  neck-band  of  some  animals,  they  have  a 
diameter  of  0-004*",  and  in  the  coatings  of  the  arteries  they  are  still  broader. 

The  chemical  basis  of  the  elastic  tissue,  the  so-called  el  as  tin,  as  obtained  by  boiling 
the  tissue  with  alcohol,  ether,  water,  strong  acetic  acid  and  dilute  potjish-ley,  then 
with  water,  moderately  strong  hydrochloric  acid,  and  again  with  water, — is  a  brittle, 
yellowish,  distinctly  fibrous  mass,  which  when  immersed  in  water,  dilute  ammonia  or 
acetic  acid,  swells  up  and  recovers  its  elasticity  completely.  It  is  quite  insoluble 
in  water,  even  after  several  days*  boiling,  thereby  differing  essentially  from  the  true 
connective  tissue,  which  is  converted  into  gelatin  by  boiling  with  water.  Elastin  is 
likewise  insoluble  in  alcohol,  ether,  and  acetic  acid.  Strong  potash-ley  dissolves  it 
with  brownish  colour :  the  solution,  neutralised  with  sulphuric  acid,  does  not  gelatinise 
on  evaporation,  and  is  not  precipitated  by  anv  acid  excepting  tannic  acid.  Elastin 
prepared  as  above  bums  without  residue  on  platinum  foil,  and  is  free  from  sulphur. 
When  boiled  for  some  time  with  sulphuric  acid,  it  yields  leucine. 

Purified  elastic  tissue  fr^m  the  neck-band  of  the  horse  has  been  analysed  by  Tilanus 
and  W.  Miiller,  with  the  following  results : 


TlUmus. 

W.  Mullet. 

Carbon 
Hydrogen  . 
Nitrogen     . 
Oxygen 

/  54-90      55-65 
.       7-25         7-41 
.     17-52       17-74 
.     20-33       19-20 

55-47 

7-54 

1609 

20-90 

55-72       55-55 

7-67        7-11 

15-71       16-52 

20-90       20-82 

6509 

7-33 

16-43 

21-15 

100-00     100-00 

100-00 

100-00     10000 

100-00 

iTZCITT  is  the  power  possessed  by  many  bodies  of  recovering  their  original 

►hape  and  size,  as  soon  as  the  external  forces  which  altered  them  have  ceased  to  act. 
There  is  perhaps  no  subetanco  in  which  this  power  is  altogether  absent^  but  in  some 
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bodies,  mobl  clay  for  esample^  it  exwts  in  so  alight  a  dejjrreo  thiit  for  till  practical 
|rtirpoBe8,  they  may  be  regaraod  as  inelaatic  The  oksticity  of  a  hody  is  perfect  or 
imperfect,  acconlmp  na  it  rocovors  iti  onginal  shiipe  and  size  wholly  or  partially  on 
the  removal  of  the  disturbing  force. 

Ei^iJiticit^  of  Gasfs. — Gajiea  not  only  yield  to  prossTiro  and  expand  to  their  original 
bulk  on  the  remoyal  of  that  presniiro,  but  thoir  purtidea  exhibit  a  constant  teudeuoy 
to  fly  a«andor«  «o  that  a  gaa  exerts  a  constant  presauro  against  tho  sides  of  the  vessel  in 
wbich  it  ifl  enclosed. 

The  elastic  force  of  a  gas  is  mcajstired  by  the  pressure  which  it  i»  capable  of 
auataining,  or  by  tho  pressure  required  to  keep  it  viritliin  a  given  volnme,  ObservatioQ 
shows  that  the  eJastic  force  of  the  air  at  the  earth's  surface  is  capable  of  sustaining  a 
column  of  mercury  of  the  average  height  of  thirty  inches,  which  ia  equivalent  to  a 
weight  of  about  fourteen  pounds  on  the  square  inch;  more  exactly,  when  the  height  of 
the  barometric  colamn  reduced  to  0°  C.  is  760  millimetres,  the  pressure  on  a  square 
metre  is  0"76«}  x  imo  x  13-50C  =^  10333  kilogrammes,  or  10333  kilogTammea  on  a 
square  centimetre. 

To  measure  the  elastic  foreo  of  a  quantity  of  air  in  an  enclosed  space,  the  open  end 
of  a  barometer-tube  is  connected  with  this  space,  aa  in  the  bapometer-gatige  of  the 
air-ptimp.  If  tho  gaa  is  eonflned  by  a  liquid,  as  in  a  jar  standing  owtr  water  or 
mercury^  the  difference  of  level  of  the  liquid  withfttit  and  within  the  tub©  must  be 
taken  into  accoimt.   ThLi  difference  of  level  must  be  reduced  to  its  equivalent  in  mercury 

by  multiplying  by  ^^z^^q  (d  being  the  specific  gravity  of  the  liquid*  and  13  596  that 

of  mercury ),  and  the  product  added  to  or  sabfracted  fhjm  the  height  of  the  barometer, 
according  as  the  level  of  the  hquid  within  the  gas-jar  is  below  or  above  that  without. 
If  the  gaa  stands  over  mercury,  the  preceding  fector  is  redncod  to  1 ;  if  over  water,  it 

is  I =  0073551. 

13'69d 

Thd  elaatic  force  of  a  gas  at  a  given  temperature  varies  inversely  as  its  volume,  Tliis 
law,  called  BoYle*8  or  Mi*riotte*«  law,  baa  been  demonstrated  experimentally  up  to 
pressures  cqmil  to  twenty-seven  times  the  ordinary  ppessure  of  the  atmoHphere,  for 
gases  capable  of  bearing  that  pressure  without  liquefaction.  At  pressures  near  those 
at  which  liquefaction  takes  place,  the  eliksticity  does  not  vazjin  the  eocact  inverse  ratio 
of  the  volume* 

ElastkUy  q/"L*j«u/^.— Liquids  when  subjected  to  pressupe  undergo  a  certain  dimi- 
rnition  of  volume,  and  return  to  their  original  volume  when  the  pressure  is  removed. 
The  contraction  produced  even  by  very  great  presKures,  is^  however,  very  Bmall,  and 
consequently  liqmds  were  for  a  long  time  supposed  to  be  absolutely  incompreseible ; 
this  conclusion  was,  moreover,  Bupjiefted  to  bs  directly  established  by  certain  experi- 
ments made  by  the  Florentine  Aeiidcmicijins  in  the  seventeenth  century,  in  lAich 
closed  metallic  vessels  completely  filled  with  liquids  were  subjected  to  strong  pressure 
or  hammering ;  tho  vessels  became  cracked  and  the  liquid  oozed  out,  and  this  was 
regarded  as  a  proof  of  its  incompreasibility.  Canton  in  1761  first  attacked  the  problem 
in  tlie  right  way,  by  subjecting  liquids  in  thermometer-KhapLHl  veasels  to  strong  pressure 
under  the  reeeivcr  of  a  condensing  pump.  These  exptTiments  established  the  fact  of 
tho  rompresaibility  of  liquids,  atid  subsequent  researches  by  Perkins  (Gilb.  Ann. 
Ixxii.  173;  Popg.  Ann.  ix.  647).  by  Oersted  (Ann.  Ch.  Phys-  [2]  xxii.  190),  ajid  by 
Colladon  and  Sturm  (Pogg,  Ann.  xii.  39),  made  with  somewixat  similar  apfiardtuji, 
afforded  further  proof  of  the  compression^  and  determined  its  amount  for  several 
liquids.  Subsequently  experiments  were  made  by  Aim  A  (Ann.  Ch,  Phys*  [3]  viii. 
267)  on  the  coast  of  Algeria,  by  sinking  thermometer-shaped  vessels,  attached  to  cords, 
in  the  sea,  by  which  they  were  8ul>jt?cted  to  a  pressure  of  200  atmoflpheres. 

Hegnault  nas  alno  made  expenmentH  on  the  compressibility  of  liquids  by  mMOS  of 
an  instrumt^nt  called  a  pifsomiiery  consisting  of  a  vessel  like  a  thermometer  with  a 
cylindricid  bulb  and  a  graduated  stem  to  hold  the  liquid  ;  this  vessel  was  enclosed  in 
a  strong  vessel  filled  with  water,  and  having  a  piston  working  water-tight  in  its  neck,  to 
cominnnicate  the  pressure,  and  the  whole  was  enclose<l  in  a  larger  vessel  of  water  to  keep 
the  temperature  ef.mHtant-  In  these  experiments,  the  compression  of  the  gloss-v^^i^l 
was  directly  determined,  whereas  fbrmer  observers  had  determined  this  point  ftom 
other  observations,  aud  not  always  with  the  same  kind  of  gloss.  Lastly,  Orassi 
(Ann.  Cb.  Phj».  [3]  xxxi.  137)  has  continued  these  experiments  with  the  same 
apparatus,  but  uwing  a  more  exact  method  of  dct^^rmining  the  compression  of  the  glass 
vessel. 

The  following  table  gives  the  compressibility  of  several  liquids,  as  determined  by 
Orassi;  the  number  for  mercury  is  ealculatcMl  from  Regnault's  experiments.  The 
eolunin  headed  '*  compressibility  "  shows  the  diminution  in  volume  of  a  nnit-volumo 
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of  the  liquid  when  the  pressure  upon  it  is  increased  bj  1  atmosphere.  The  column 
headed  "pressure  in  atmospheres"  shows  the  pressure  to  which  the  liquid  was  actually 
subjected ;  where  blanks  are  left  in  this  column,  the  superadded  pressure  was  equal  to 
1  atmosphere. 


CowtpnssibUity  of  Liquids  {Grasai), 


Liquid. 

TetniKruiure, 

Pmmmm 

Mercury         »        .        .        «         ^ 

Q.QO 

O-O0000295 

Water   . 

O'O 
1-5 

D*oooa5a3 

0*000<J515 

" 

4<I 

0-0000499 

11 

lO'S 

00000489 

n           *■          * 

13-4 

0*0000477 

u 

lS-0 

0*0(m0463 

" 

•     . 

0*0000460 

ft 

2S-0 

0*0000456 

1* 

34£ 

0-0000453 

" 

43-0 

00000442 

t*           * 

53-0 

O-0000441 

Ether    . 

00 
0*0 

0-000111 
O-000131         1 

3-408 
7-820 

n            » 

14-0 

0*000140 

1-6B0 

H               " 

13*8 

0-000153 

8-362 

Al^htA  (abMlitte)  \ 

7-3 

0'0ooos2a 

2-302 

7^3 

0-0000853 

9*450 

11              fi        ■ 

131 

0^0000004 

1-570 

tr                  ti 

13-1 

00000991 

8-970 

Wood-spint  m 

13-5 

0-0000913 

7*000 

Chlorofonn    * 

B-5 

0-0000025 

1*267 

12-0 

0-000064S 

1  309 

tp             •        • 

12-5 

0-0000763 

9-200 

CaCt-floIutioQ :  23^049  p,  6.  salt      , 

175 

0-00O0306 

I,          40-99      „      „ 

158 

0-0000206 

40-99      

41-26 

0-0000229 

Na0-fiolutioD :  24  004  p,  c,  aalt      . 

IS'l 

0-0000257 

34004 

39*6 

0-0000263 

ifi*a23    ,,     „ 

185 

0-0000321 

KJ -solution  1  &8'67  p.  c.  ialt 

15-5 

0-0  000260 

NaNO»-»olaiion^  27-254  p,  C  salt  , 

181 

0-0000296 

Ka'CO'-Boiiitiou;  17"185  p.  c.  salt  . 

16-G 

00000207 

QmrmtsT      .        .        .        .        - 

17-5 

0-0000437 

OTO'  +    H*0     . 

, 

13'6 

0  0000242 

jraO*  +  2H»0     . 

, 

14-6 

00000260 

Wm*  +  3H*0     . 

ia-& 

0  0000271 

fl^O*  +  4H*0      . 

t 

14-7 

0-0000279 

H'SO'  +  6H«0      . 

i        * 

14'2 

0-0O00283 

H*SO*  +  OH'O      . 

' 

146 

OH)000316       1 

The  eomm-esBibility  of  mercuiy,  according  to  the  older  mode  of  calculation,  u 
0-000003517;  tbe  eomprewibility  of  d6-ap^at^Hl  water  at  a  given  tcmpcratuf*;  is  propo^ 
tioDal  to  tlie  pmsuj^i  the  same  ift  true  for  saline  Bolutions  and  dilute  fliilphunc  a*-id. 
la  ether,  alcohol,  wood-spirit,  and  chlopoforni,  the  amount  of  compression  increases 
ViOtv  mpidly  than  the  presffOTP.  In  differ*>ut  solutloiifl  of  the  same  Bait,  th<?  eompres- 
«ibiUt7  la  smaUef  as  the  quantity  of  ealt  diesolvetl  L-i  greiit<*r.  The  eompregaibibty  of 
V«l«r  dwrcaaes  with  rise  of  temix-mtort* ;  that  of  etlipr  and  of  alcohol  incT*flS<w  witti  tho 
t^i«P*.r^tTfT«.     Wnt^?!-  api^ars  to  exhibit  a  majtimum  of  compiv^ibility  between  0 

The  following  table  contains  the  results  obtained  by  CoUadon  and  Sturm  and  by 
Aim« ;  they  agree  very  nearly  with  the  preceding,  excepting  in  the  ca«o  of  m&rcaiy. 
According  to  Ck)Uadon  and  Sturm,  however,  the  compressibiUty  of  alcohol  and  etner 
decfWMS  aa  the  temperature  rises. 

bb2 
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CoTtij^eBsibUity  of  Liquids  {Colladon  and  Sturm;  Aimi). 


Liquid. 


Prejiiure. 


CDmpresftiblUtj 


ObierratJoa. 


Mercury  at  0**  C. 

„         12*6<»C 

Water  at  0**  C,  ire*  from  air 

„         ,,      coQ  taming  iiir 
Water,  sweet,  at  12-6°  C.      .         .        . 
Sea-water  at  12'60  a    .... 
Water  saturated  with  ammoQia  at  10^  C. 


1—24 


Acetic  acid  at.  0°  C 

Acetic  acid  of  0  6*^  B.  at  12 '6*=*  C.  . 
Nitric  acid,  spec.  grav.  1-403,  at  iP  C.    , 
Sulphuric  acid,  conccntnitcd,  at  O''  C    * 
12-6'' O, 
Oxalic  acid,  Baturtttet!,  at  11^  C.    . 
Hydrochloric  aoid  of  23°  B,  at  12  fl^  C* 
Ammonia  at  12'6^  C.     . 
Sulphate  of  Bodium,  l3'8o  B. 
AJeoliol  (spec.  grav.  ?  )  at  11  -6°  C. 
11*6°  C 
11*0'='C. 
Alcohol  of  32*'  B.  at  12-60  C. 
AJcohol  of  uy^  B.  at  12'6<^  C. 
Ether  at  0°a      ,        .        .        <        , 
»        O^C 

.      11^4!G 

"     ^*'^  ^'n^  ...     - 

Nitrous  ether  at  0'>  C.  .        .        .        - 
Chloride  of  ethyl  at  1 1  •2*'  C. 
113«a 
Acetic  ether  at  0^  C.     .... 

.        0=^0 

Oil  of  turpentiae  at  0°  C.      . 

o°a    .       .       . 

„  impure  at  12-6*^0.      . 

Naphtha  at  12-6°  C.      .         ,         .         , 


1—24 

2—0 


4—16 
4— le 

i— 32 

1—16 


1—8 

8—16 

16—24 


1—12 
12—24 
1—12 
12—24 
1—24 
1—12 
6—12 
1—8 
8—16 


4—16 


0'00000503 
0000OO40 

oomo5U 

#0000506 
00000502 
0  0000413 
0  00003  80 
00000350 
00000422 
00000512 
00000322 
00000320 
0-0000332 
0-0000479 
00000432 
00000376 
0- 00004 1 4 
00000962 
00000936 
O'OOOOBOO 
00000682 
0-0000996 
00001330 
00001220 
00001500 
0*0001410 
0  0000715 
0  00008  50 
0  0000823 
0  0000793 
0*0000713 
0-0000884 
0-0000730 
0*0000667 
0  0000766 


C,  and  S. 

Aim^, 
0.  aud  a 

Aim  6. 

C.  Oisd  S. 


Aim^. 
C.  and  S. 

Aiin^. 


C,  and  S. 

AimA. 
C.  aad  a 


Aim^. 


Etwitidtif  (if  Solids. — The  phenomena  of  elaisticity  in  solid  bodies  are  much  more 
compliciitri'd  tliau  in  liqnida  or  in  gases.  Solitls  can  he  extended  us  well  as  compressed, 
or  they  may  bo  wmpressed  in  one  direction  and  at  the  same  time  stretched  in  anotljer, 
m  when  a  rod  or  phite  la  bent ;  and  laatlj  they  may  bo  twisted,  which  effect  may  tuko 
place  with  or  without  eompreaaion  or  eiteDsion-  When  the  alteration  in  nize  or  form 
of  a  Bolid  body  la  not  carried  beyond  a  certain  limit,  difl'erent  for  each  Ixjdy,  the 
particlee  return  exactly  into  their  former  relative  positions  on  the  reraoTal  of  the  dis- 
turbing force;  in  other  words,  within  this  limit  ofelastieity,  the  body  is  perfectly 
ekatie*  Beyond  this  limit,  the  alteration  of  form  or  size  is  more  or  lesis  permanent,  the 
molecules  of  the  body  no  lonj^  returning  exactly  to  their  former  relative  positions,  aa 
in  raalleuible  and  ductile  bodies,  which  retidn  whatever  form  is  given  them  by  strong 
pressum  or  hzimmcring. 

Fop  some  kinds  of  iron,  the  limit  of  elasticity  corresponds  to  a  tension  of  about 
14  ltilop;mHime«  for  each  »M^uiire  millimetre  of  the  transverse  section ;  for  otlier  Idudi^,  j 
about  20  kil(vgramme».  If  a  bar  or  wire  of  iron  be  stretched  by  a  force  le«a  than  thlaif  i 
the  exteusion  is  found  to  be  proportional  to  the  stretching  force  applied ;  beyond  thi«  | 
limits  the  extension  inczeaBea  more  rapidly  than  in  ttie  direct  ratio  of  the  force,  th4 
wire  becoming  perBumently  Btretched ;  and  when  the  tenBion  is  increased  to  about  J 
lU  kilo^niiuuies  per  Bi^uare  millimetre^  the  wire  breaks.  Other  metala  azhibit  »tthiI*»  | 
relation**. 

The  coefficient  of  elasticity  is  tho  extension  produced  on  the  uuit  of  length,  by 
the  unit  of  t^nnion  exerted  upon  the  unit  of  tranaveree  Bection ;  the  reciprocal  of 
ihid  number  is  ciLlled  the  modulua  of  elasticity.     Suppose  a  prismatic  rod  whose 
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length  u  I  and  transverse  section  c,  to  receire  the  elongation  Tbj  a  force  P,  within 

p 
the  limit  of  elastidfy,  polling  in  the  direction  of  its  length ;  then  —  is  the  tension  ex- 

erted  on  the  transverse  section  1,  and  y  the  elongation  produced  bj  this  force  in  the 

length  1.  Consequently  j  :  -  »  r^  is  the  coefficient  of  elasticity,  and  y-  the  mo- 
dulus of  elasticity  of  the  rod.  If  the  modulus  be  denoted  by  E,  the  elongation  a  pro- 
duced by  the  stretching  force  8  on  the  transverse  section  1  wiU  bea=9-=^,  or  ifwbe 
the  coefficient  of  elasticity,  a  ^  St.  The  length  of  the  rod  being /,  the  elongation 
of  the  rod  by  the  tension  8  (or  «•)  is  la ;  consequently  V  ^la^  %  —  ^  "^ 

Similar  formulae  apply  to  the  case  of  compression ;  E  and  F  have  then  the  same 
values  as  for  tension,  but  the  modulus  of  elasticity  will  perhaps  have  a  different  value. 
The  equation  Ea  ■■  8  shows  that  the  modulus  of  elasticity  is  the  tension  which  would 
produce  the  unit  of  elongation,  that  is  to  say,  would  stretch  the  rod  to  twice  its 
primitive  length,  supposing  that  it  would  conform  to  the  laws  of  elasticity  up  to 
that  limit,  instead  of  breakmg;  as  most  bodies  would  do,  long  before.  The  only  sub- 
stance that  will  bear  such  an  amount  of  tension  without  disruption  is  vulcanised 
caoutchouc 

The  following  table  gives  the  moduli  of  elasticity,  expressed  in  kilogrammes,  for  a 
transverse  section  of  1  square  millimetre,  of  certain  metals  and  alloys.  The  numbers 
in  the  last  two  columns  were  not  obtained  with  the  same  wires  as  those  in  the  first 
three. 


Specific 
gravity. 

Modulus  of  Elastidtjr. 

Name  of  metal. 

or  the  annealed  metal. 

or  the  unannealed 
metal. 

at  l5°-a0°  C 

atlOO^C. 

at  200°  C. 

atlO^C. 

at  -150c. 

Lead 

11-232 

1727 

1630 

Gold  (pure)  . 

18-036 

6585 

6408 

6482 

8603 

9361 

Silver  (pure) 

10-304 

7146 

7274 

6374 

7411 

7800 

Palladium    . 

11-225 

9789 

, 

, 

10289 

10669 

Cop^ 
Platmum      . 

8-936 

10519 

9827 

7862 

12200 

13062 

21'083 

16518 

14178 

12964 

16647 

16224 

Iron     . 

7-767 

20794 

21877 

17700 

, 

,         , 

Iron-wire      . 

7-663 

19986 

,         , 

18613 

17743 

Cast-steel     . 

7-719 

19661 

19014 

17926 

, 

,        , 

Steel-wire  (English)     . 
Steel  wire  (tempered  blue)   . 

7-622 

17278 

21292 

19278 

,        , 

, 

7-420 

.        . 

18977 

. 

18046 

17690 

Brass 

8-247 

• 

• 

. 

9006 

9782 

The  modulus  of  elasticity  of  an  alloy  is  nearly  the  mean  between  those  of  the  com- 
ponent metals.  The  passage  of  an  electric  current  somewhat  diminishes  the  modulus 
of  elasticity  of  a  metal  (independently  of  the  diminution  consequent  on  the  rise  of 
temperature,  produced  at  the  same  time),  the  effect  ceasing,  however,  with  the  passage 
of  the  current    (Wertheim.) 

Ciystallised  bodies  not  belonging  to  the  regular  system  exhibit  different  degrees  of 
elasticity  in  different  directions. 

WSULTWBXM.  A  substance  contained  in  the  fruit  of  the  spirting  cucumber 
(Mmnordica  Elaterium),  whence  it  may  be  extracted  by  Iwilin^  alcohol,  and  purified  by 
precipitation  with  water,  washing  wim  ether,  and  recnrstalhsation  from  hot  alcohol 
It  forms  colourless  hexagonal  tables,  fusible,  decomposible  by  heat,  insoluble  in  water, 
sparingly  soluble  in  e£er,  very  soluble  in  alcohol.  It  dissolves  in  sulphuric  add, 
forming  a  red  liquid,  which,  when  diluted  with  water,  deposits  a  brown  substance. 
Nitric  acid  dissolves  eUterin  without  alteration.  Elaterin  is  precipitated  from  its 
4K>holic  solution  by  acetate  of  lead  and  nitrate  of  silver.  Taken  internally,  it  acts  as 
uemetic  and  as  a  purgative.    It  gives  by  analysis  69-23  to  69-49  p.  c  carbon,  and 
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8*23  t^  8-21  liydrogeii,  ajs^cing  nearly  with  the  empirical  formula  C^H**0*,  (Z  w  e  n  ge  r, 
Ann.  Ch.  Pliarm.  xliii.  359.) 

S&ATS&XTB.  Elastic  bitumen.  Mineral  caoutck(»te,  A  fossil  redn  rtssem- 
bling  «'i8pba!t,  ocx!urriiig  in  soft,  fl^xJliks  somewhat  eUatic  masses,  at  Caatieton  in 
Derby8hir<\  in  a  coal  mine  at  Montrplais  near  Nantes  at  the  depth  of  230  feet,  oIao  at 
Neufchatel,  ajici  on  the  ialand  of  Zante.  Specific  errftTity  of  the  Derby tdiire  variety 
=  O'fl0fi3  to  I  •233.  Lustre,  resinous.  Colour,  ljlacki»& -brown  of  Tarioos  shades. 
Suhtraii»luceut,  sometiraea  exhibiting  a  dark  orange- red  coloiir  by  tninsmitted  light. 
It  takes  lire  readily,  and  bums  with  a  lively  yellow  flame,  emitting  a  bitimuiiouB  odour. 
According  to  Johnston  (PhiL  Mag:^  183S,  July  23),  it  is  a  hydroearbon  containing 
83*7— 86-5  carboD,  and  12-.5— 13-28  hy<bx)gen.  Henry  (Ann.  PhiL  1826,  p.  70),  on  the 
other  hand,  found  from  3675  to  40-10  oxygen,  whence  Ram  m  els  berg  {Min^rul- 
ehemie,  p*  966)  concludes  that  it  consista  mainly  of  a  hydrocarbon  C^H**,  but  mixed 
with  m  oxygenated  compound. 


The  extract  obtained  by  evaporating  the  juice  of  the  fresh  fimit 
of  the  spirting  eitcumber  {Momordioi  SXaiertum),  It  liaa  a  greenish  or  greeu-brown 
colour,  a  sharp  bitter  ta^tCi  and  acts  as  ft  dnstic  pui^tive  and  an  emetic  lb  con- 
tains elaterin,  together  with  starch,  resiii,  &c. 

WStJk'PBXwr.  An  oily  body  produced  hy  the  action  of  ammonia  and  snlphnr  on 
ficetone,  and  prissiug  over  on  distillation  between  120^  and  200°  C.  (Zeise,  Ann.  Ch. 
Fhamu  xlvii  43,) 

.    Syn.  with  Eultkbut, 

Syn.  with  Ethtlsnel 

CZrECAJWPZZr.     Syn.  with  Inulix. 

EIjECTWCITX,  (Bob  i  son 'a  MrcAanical  Fkihsop^f  edited  by  Brewster, 
London,  1822,  iv.  L— -Roget,  Library  of  U^^fid  Knowitd^t:  Natural  Phih*sophf/,  vol. 
ii.  London,  1828.  —  Becquerel,  TraiU  erpSrimentai  de tElectn'citi  ct du Ma^itismef 
7  tomes,  FariSt  1834-1840, — Faraday,  EJrpcrimi-ntai  Be-sfarchr^  in  Etrctriciti/^  3  toL, 
London,  1839-1855.  —  J.  M  it  Her,  Lthrlmch  dcr  Fkysik  und  Metcorolx>gi(,  2  Ban<le. 
Braunschweig,  1853.  Bd.  ii.  S.  61.— F.  T.  Riesa,  LuLeAre  dtr  Rdbun^jt-tUctriciidt^ 
S  Binde.  Berlm,  1853.— Do  la  Rive,  Traiit  vt  BaotridU  tJUori^ue  ti  appliquU. 
3  tomes,  Paris,  1864-1858. 

The  phenomena  displayed  hy  rubbing  a  piece  of  amhcr,  constitute  one  of  the  earliest 
physical  facts  recorded  in  the  history  of  acience.  Thales,  of  Miletus,  ascribed  it^ 
myBterious  power  of  attractiag  and  repelling  light  bodies  to  an  inherent  sonl  or  es- 
sence, which,  awakened  by  friction,  went  forth  and  brought  back  the  small  pttrtieles 
floating  around.  lu  times  near  to  our  own,  the  same  hypothesis  was  resorted  to  hy 
Robert  Boyla  From  IjKfttrpoPt  the  Greek  name  of  amber,  the  name  "  electricity  '* 
baa  been  applied  to  the  scienee  which  investigates  the  attractions  and  repul^'oiws 
the  emiesion  of  lights  explosions,  and  a  variety  ef  physical  and  chemical  phenomeua, 
which  are  produced,  not  only  by  the  friction  of  vitreous,  resinous,  and  metallic  surfaces, 
but  by  various  other  modes  of  mechanical  disturbance,  by  heat,  by  chemical  action, 
and  by  magnetism^ 

If  we  mb  a  glass  tnbo  with  a  dry  band  or  a  silk  bnndkerchief,  and  then  approach 
it  to  bits  of  paper  or  cottoa,  feathers,  gold  leaf,  it  will  first  attract  tlioaa  bodies,  and 
then  refuel  them.  If  the  tube  he  held  parallel  to  a  table  on  which  they  have  been  laid, 
an  electrical  dance  will  \m  performed. 

In  a  dark  room,  fiashea  of  bluish  light  will  be  seen  to  play  about  the  surface  of  the 
fubc,  while  it  is  being  rubbed,  and  on  approaching  the  knuckle  to  it,  a  spark  wilt  pass 
be  I  ween  the  two,  accompanied  by  a  snapf^iiig  noise. 

If  to  the  farther  end  of  the  tnbe  wo  haog  a  bra&»  ball,  by  a  thread  of  linen,  hemp,  or 
a  metallic  wire,  the  ball  will  [participate  with  the  ruhbtnl  tube  in  its  attractive  fiower?. 
But  if  the  ball  be  suspendi  il  li,v  a  cord  of  silk,  worsted,  or  hair,  or  by  a  rod  of  glass, 
wax,  or  pitch,  the  attracts-  issive  virtue  will  not  pass  into  it. 

This  last  cxperimeat  ^  f  he  electricpowcr,  when  developd,  ptv«ses  easily 

through  Home  bodies  and  not  through  others,     Tlie  former  are  called  eondoctorsc^  ' 
electncity ;  the  latter  non-conductors,orinb«latora.     These  last  terms  must  not-, 
however,  be  taken  in  their  absolute  sense  ;  there  is  no  known  body  which  is  al^solntely 
destitute  of  the  power  of  conducting  electricity :  in  fact,  there  is  a  regular  gradation  of 
power  from  the  best  conductors  to  the  worst 

I,  The  following  isa  list  of  conductors  of  electricity—that  is  to  say,  of  bodiis 
through  which  that  power  passes  without,  much  resistance — arranged  in  tie  order  of 
their  conducting  power,  the  Ijeat  conductors  standing  at  the  head  of  the  Hut, 
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The  met«]8 
Charcoal 
Plumbago 
Strong  acids 
Soot  and  lamp-blafck 
Metallic  ores 
Metallic  oxides 
Dilute  acids 
Saline  solutions 
Animal  fluids 
Sea-water 


Kain -water 

Ice  and  snow  above  0*>  F. 

Living  ve^tables 

Living  animals 

Flame 

Smoke 

Vapour 

Salts 

Rarefied  air 

Dry  earths 

Massive  minerals. 


The  metals  differ  greatly  among  themselves  in  conducting  power :  the  methods  of 
estimating  their  relative  conducting  powers  will  be  described  hereafter. 

2.  The  following  is  a  list  of  electrical  non-conductors,  in  the  inverse  order  of 
their  insulating  power :  — 


DiT  metalb'c  oxides,  including  fused  al- 

k^ine  and  earthy  hydrates 
Oils,  of  which  the  densest  are  best 
Ice  below  0**  of  Fahr. 
Phosphorus 
Biy  chalk  and  lime 
Lycopodium 
Caoutchouc 
Camphor 

Massive  minerals,  non-metallic 
Marble 
Porcelain 

Baked  wood,  and  dried  vegetables 
Dry  paper,  parchment^  and  leather 


Dry  gases 

Wool,  hair,  and  feathers 

Dyed  silk 

Bleached  silk 

Haw  silk 

Glass,  and  all  vitrified  bodies,  compre- 
hending diamond  and  crystallised  trans- 
parent minerals 

Asphaltum 

Wax 

Sulphur 

Besins,  including  gutta  percha 

Amber 

Shellac 


Gutta  percha  possesses  very  great  insulating  power,  but  its  place  in  the  list  has  not 
been  determined  with  certainty ;  indeed  its  insulating  power  varies  considerably  with 
its  quality.     Gun-cotton  and  collodion  are  likewise  excellent  insulators. 

All  bodies  are  capable  of  becoming  electric  by  friction ;  but  to  enable  a  conducting 
body  to  exhibit  this  power  when  excited,  it  must  be  instdatcd,  that  is  to  say,  cut  oa 
from  electric  communication  with  the  ground :  thus,  if  we  hold  a  brass  rod  in  the  hand 
and  rub  it,  no  signs  of  electricity  will  be  apparent,  because  the  electricity,  as  fast  as  it 
is  dereloped,  passes  along  the  rod  into  the  hand  which  holds  it,  thence  through  the 
body,  which  is  made  of  conducting  materials,  into  the  ground,  where  it  is  lost  by  dif- 
fusion ;  but  if  a  metal  cylinder  be  supported  on  a  stem  of  glass,  gutta-percha,  or  shel- 
lac, or  suspended  by  lilk  cords,  and  then  rubbed  with  flannel  or  beaten  with  a  cat-skin, 
it  will  acquire  the  property  of  attracting  light  bodies. 

It  was  formerly  supposed  that  conducting  bodies  could  not  be  excited  by  friction : 
hence  they  were  called  non-electrics,  non-conducting  bodies  being  called  electrics; 
the  latter  term  is  still  often  applied  to  bodies,  like  glass  and  shellac,  which  are  the 
most  easily  excited  by  friction. 

When  an  excited  electric  is  Itrought  in  contact  with  another  non-conducting  body, 
the  part  of  the  latter  touched  }3^&  excited  bod^  becomes  electrical,  but  the  power 
does  not  spread  over  its  surfacer 'but  when  one  point  of  an  insulated  metal  rod  or  ball 
is  touched  by  an  excited  electric,  the  power  is  immediately  communicated  to  everv  part 
of  it;  and  if  the  conductor  thus  electrifled  be  touched  by  another  insulated  conauctor, 
the  whole  surface  of  that  conductor  immediately  becomes  electrified,  acquiring  the 
power  of  giving  sparks  and  attracting  light  bodies,  and  at  the  same  time  the  electric 
power  of  toe  firet  conductor  is  diminished  in  intensity.  In  fact,  the  electric  power 
originally  possessed  by  the  one  is  now  distributed  between  the  conductors  in  the 
proportion  of  their  surfaces. 

The  fiicility  with  which  electricity  is  communicated  from  one  conducting  body  to 
another,  renaers  the  complete  insulation  of  conductors  of  great  importance  in  all  elec- 
trical experiments.  Light  bodies,  such  as  balls  of  cider-pith,  feathers,  &c.,  used  to 
exhibit  attraction  and  repulsion,  are  suspended  by  silk  cordis :  metallic  conductors  are 
supported  on  rods  of  glass,  gutta-percha,  shcU-Iac,  or  sealing-wax.  The  air  when  dry 
is  an  insulator:  indeed,  if  tMs  were  not  the  case,  it  would  be  scarcely  possible  to  obtain 
any  manifestation  of  electric  power,  as  it  would  be  dissipated  into  tne  atmosphere  as 
fast  as  it  was  developed ;  and,  in  i&cU  in  a  damp  atmosphere  it  is  very  difficult  to 
retain  the  ^ectric  power  on  the  surface  of  any  excited  body,  as  the  aqueous  vapour 


376 


ELECIEICITY. 


possesses  coosidemLle  conducting  power.  MoreoTer^  tiie  iitmospherie  moUture  quick! jr 
condenses  on  the  iusulatiog  supportft,  eflpmnUj  on  glana  iind  mJk,  and  completely  de- 
stroys tlit*ir  insula  ting  power  r  lie  nee  it  is  of  great  importance,  when  working  in  a 
damp  atmosphere,  to  keep  the  in^xiluting  flupp^^rt^  as  warm  as  posaible,  and  to  ruh  them 
frequently  vnth.  a  dry  doth.  Thu  inauLalmg  power  of  glasa  Is  greatly  incrciWt'd  by 
coveriug  it  witli  et^pal  vamish. 

The  injHulatijig  power  of  air  is  likewise  diminished  by  heat  i  imk'ed  very  hot  air 
conduct H  with  great  facility.  The  best  way  of  depriving  an  ejtcikHl  nou-uonductor  of 
its  electric  charge  i&  to  move  it  abont  for  a  whde  a  few  incbea  above  the  flame  of  a 
spiritd&mp. 

Of  TttB  TWO  EmoTmcnrrBS. 

The  pbenomena  above  mentioned,  that  w  to  say,  the  attraction  and  subseqaent  re- 
pnlsion  of  light  bt>die.'',  and  the  production  of  the  electric  ligbtv  aro  manifested  by  all 
bodies  whaU^rrP,  wht'U  in  a  state  of  electric  excitement,  whether  bronght  inio  that 
state  by  frictjon,  or  by  communicjition  with  a  previously  excited  body.  In  cert  aid 
pespiicts,  however,  thtj  electric  powers  eixeited  in  different  bodies  aro  opposi»il  to,  and 
capable  of  neiitmli»in|:,  one  another. 

Rub  a  glass  tube  with  wilk,  and  bring  it  near  a  feather  suspended  by  a  silken  cord ; 
the  feather  will  approacJi  the  glasa,  remain  in  confjict  with  it  for  a  short  time,  then  fly 
off,  and  will  afterwards  be  persistently  repellcil  by  the  glass.  Now  rub  a  piece  of 
eeaUng-wax  with  flannel*  and  bring  it  near  another  feather  saspeDded  on  silk:  the 
same  phenomena  will  t^ake  place  ;  but»  oa  the  othcfr  hand,  the  feather  which  is  repelled 
by  the  excited  glass  is  attracted  by  the  excited  wax,  and  that  wliich  is  repelled  by  the 
waat  is  attracted  by  the  glasa.  Moreover,  the  two  feathers  thus  dectrifled  attract  each 
other,  whereas  two  feathers  electrifled  bj  contact,  either  witJi  the  glaas  or  with  the 
wax,  repel  each  other. 

There  are,  then,  two  kindft  of  electric  force,  exactly  similar  in  eeitain  of  their  mani- 
ft^statiou8,  hut  directly  oppo«etl  in  others.  One  of  these  powers,  wMcli  is  devdoped 
fiiost  frequently,  though  not  inviiriably,  on  glass,  is  sometimes  called  vitreous  elec- 
tricity; and  the  other,  which  is  most  fr^uently  inanife«t«i  by  resinous  and  waxy 
bodicH,  ia  ealltxl,  resinous  electricity.  The  phenomena  alxn'e  dcKcTibtnl  may  he 
summe<l  up  as  follows : — Bodies  simtiarlf/  drctriJUd  (both  vitnxmsly  or  both  resinotisly) 
r&pit  rtick  otfur^  and  bodiea  duunmilariy  decirificd  (one  vitreously  and  the  other  re«in- 
ously)  attract  awh  othtr. 

Neither  of  these  electric  fjowera  is  ever  manifestcfl  withont  the  otber.  though  firam 
the  mtinncp  in  which  the  excitement  is  produced,  it  frtn^uenlly  hap]i4^ns  tluit  only  Ofne 
becomes  apparent.  Experiment  shows,  that  in  all  cAses  whatever,  when  two  liodies  ar» 
mbhed  together,  one  becomes  Titreonsly,  tlio  other  resinously  electrified.  Thus,  if  a 
stick  of  sealing-wax  be  rubbed  with  a  piece  of  flannel  attachwl  to  the  end  of  a  glas& 
rod  or  a  stick  of  Ikakcil  wood,  the  wax  will  acquire  resinous,  the  liunnel  vitreous 
electricity,  the  one  iittractiiig  a  feather  or  pith-ball  which  has  Ifceii  in  contact  M^th  und 
is  repedled  by  the  other.  In  like  manner  it  may  be  shown,  that^wht-n  glass  is  rubbetl 
with  silk,  the  eiasB  becomes  ritreously,  the  silk  resinoiisly  electrifled.  If  the  rubber 
in  either  caso,  mstead  of  being  flxed  on  an  insulating  support^  be  held  in  thu  baud, 
the  electricity  which  it  acquires  cannot  show  itself,  bccauso  it  passes  tbroagh  the 
body  into  the  gronnd. 

The  kind  of  electricity  which  any  given  eubi^tance  acquires  by  friction  is  not  always 
the  same,  but  vurieaaccortling  to  the  nature  of  the  substance  ag-ainst  which  it  is  rubbetl. 
Thns,  woollen  cloth  becomes  vitreously  electrifled  when  rubbed  against  wax  or  resin, 
rwinouMly  when  mbljcd  against  glass  i  glass  itself  becomes  resinous  when  nibbed  with 
a  cat-skin,  vitreoufl  when  rubbed  with  doth.  The  following  table,  taken  from  De  1a 
Rive,  gives  a  list  of  suhstajices,  ouch  of  which  b«ci:>incs  vitreously  electrifled  when 
ruhbed  with  either  of  those  whicE  follow  it  j;  resinously,  when  rubbed  with  either  of 
tho*?e  wliich  precede  it :  — 


The  skin  of  a  cat 

Diamond 

Fltinnel 

Ivory 

Rock-ciTstal 

Wool 

Glass 

Cotton 

Lhien  cloth 

White  »ilk 

Thn  dry  hand 


Wckod 

Sealing  wax 

Colophony 

Amber 

Sulphur 

Caoutcheue 

Gutta  percha 

PrepAred  p&iper 

Collodion 

Gun-cotton. 
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No  Tisible  relation  can  be  pointed  out  between  the  nature  or  constitution  of  the  sub- 
stances, and  the  species  of  electricity  which  is  developed  by  their  mutual  friction.  The 
only  general  law  among  the  phenomena  is,  that  the  rubbing  and  the  rubbed  body 
always  acquire  opposite  electricities.  Sulphur  is  vitreonsly  electrified  when  rubbed 
with  erery  metal  except  lead,  and  resinously  with  lead  and  every  other  kind  of  rubber. 
Besinous  bodies  rubbed  against  each  other  acquire  alternately  the  vitreous  and  re- 
sinous electricitv;  but^  rubbed  against  all  other  bodies,  they  become  resinously  elec- 
trical. White  silk  acquires  vitreous  electricity  with  black  silk,  metals,  and  black  cloth; 
and  resinous  with  paper,  the  human  hand,  hair,  and  weasel's  skin.  Black  silk  becomes 
vitreously  electrical  with  sealing-wax,  but  resinously  with  hares',  weasels',  and  ferrets' 
skins ;  also  with  brass,  silver,  iron,  the  human  hand,  and  white  silk.  Woollen  cloth  10 
stronffly  vitreous  wi A  zinc  and  bismuth ;  moderately  so  with  silver,  copper,  lead,  and 
speciuar  iron.  It  is  resinous  with  platinum,  gold,  tin,  antimony,  grev  copper,  proto- 
sulphide  and  hemisulphide  of  copper,  and  the  sulphides  of  silver,  antimony,  and  iron. 
When  two  ribands  of  equal  surface  are  excited  by  drawing  one  lengthwise  over  a  part 
of  the  other,  that  which  has  suffered  friction  in  its  whole  length  becomes  vitreously, 
and  the  other  resinously,  electrical.  Silk  stufb  agitated  in  the  atmosphere  with  a 
rapid  motion,  always  take  the  resinous  electricity,  while  the  air  becomes  vitreously 
electrified.  The  general  result  which  was  deduced  by  Coulomb,  from  his  very  nume- 
rous and  exact  experiments  on  this  subject^  is  the  following :  — 

When  the  surfaces  of  two  bodies  are  rubbed  together,  that  whose  component  parts 
recede  least  from  each  other,  or  are  least  disturbed  from  their  natural  position  of  repose, 
appear,  in  consequence,  more  disposed  to  assume  the  vitreous  electricity :  this  tendency 
augments  if  the  surface  experiences  a  transient  compression.  Beciprocally,  that  sur- 
face whose  particles  deviate  most  from  their  ordinary  position,  by  the  violence  of  the 
other,  or  by  any  cause  whatever,  is,  for  that  reason,  more  disposed  to  take  the  resinous 
condition.  This  tendency  increases  if  the  surface  undergoes  a  real  dilatation.  The 
stronger  tliis  opposition  of  circumstances,  the  more  energetic  is  the  development  of 
electricity  on  the  two  surfaces.  It  grows  ifeebler  in  proportion  as  their  state  becomes 
more  similar.  Perfect  equality  woiSd  nullify  the  phenomena,  provided  it  could  exist 
Thus,  when  a  dry  animal  or  vegetable  substance  is  rubbed  against  a  rough  metallic 
surface,  it  exhibits  signs  of  resinous  electricity :  in  this  case,  its  parts  are  forcibly 
separated.  When,  on  the  other  hand,  it  is  rubbed  on  a  polished  metal,  which  scarcely 
affects  its  surface,  or  merely  compresses  the  particles,  it  either  affords  no  evidence  of 
electricity,  or  it  exhibits  the  vitreous  kind.  Heat,  by  dilating  the  pores,  acts  on  the 
surfaces  of  bodies  as  a  coarser  rubber  would  do.  It  disposes  them  to  take  the  resinous 
electricity.  Thus,  also,  new  black  silk,  strongly  dyed,  being  rubbed  against  a  riband 
of  white,  takea  always  the  resinous  electricity.  But  when  the  black  stuff  is  worn,  and 
the  colour  faded,  if  we  open  the  pores  of  the  white  riband  by  heat,  this  acquires  in  its 
turn  a  greater  tendency  to  the  resinous  electricity  than  the  black  silk,  and  consequently 
makes  it  vitreous.  This  disposition  vanishes,  as  might  be  expected,  with  the  acci- 
dental cause  that  produced  it ;  and  the  white  riband,  on  becoming  cold,  reacquires  the 
vitreous  electricitv.  The  black  dye  produces  on  wool  the  same  effect  as  on  silk.  A 
white  riband,  rubbed  against  white  woollen  staff,  always  ^ves  signs  of  resinous  elec- 
tricity ;  but,  against  wool  dyed  black,  it  affords  signs  of  vitreous  electricity. 

There  are  several  other  ways,  besides  friction,  of  developing  electricity,  viz.,  by 
heat,  by  magnetism,  by  chemical  action,  and  by  the  change  of  state  of  bodies  from  the 
solid  to  the  liquid  and  gaseous,  and  vice  versd ;  but  it  is  better  to  defer  their  considera- 
tion till  we  have  considered  the  principal  properties  and  effects  of  electricity  developed 
by  friction. 

Theory  of  Electricity.  —  The  facility  with  which  electricity  is  communicated  from 
one  body  to  another,  and  makes  its  way  to  all  parts  of  a  conducting  body,  or  chain  of 
conductors,  however  complex  in  form,  gave  rise,  at  an  early  stage  of  the'  science,  to 
the  idea  that  it  is  a  fluid ;  and  the  discovery  of  the  opposite  characters  of  vitreously 
and  resinously  dectrified  bodies  further  led  to  the  hypothesis  that  there  exist  two 
such  fluids  or  at  least  two  modifications  of  the  same  fluid,  which,  when  they  exist 
together,  neutralise  each  other^s  effect^  but  when  separated  manifest  themselves  in  the 
several  ways  already  noticed. 

Beserving  for  a  future  part  of  this  article  the  discussion  as  to  the  comparative  merits 
of  this  theory  and  others  which  have  been  proposed  for  explaining  the  phenomena  of 
electricity,  we  shall  for  the  present  regard  it  merely  as  a  convenient  mode  of  linking 
together,  and  generalising  those  phenomena, —  presenting  it  for  this  purpose  in  the 
form  of  the  following  propositions : 

1.  All  bodies  contain  two  very  mobile,  elastic,  imponderable  fluids,  called  the 
electric  fluids. 

2.  The  partidefl  of  each  of  these  fluids  repel  each  other,  and  attract  those  of  the 
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other  fluid,  with  forces  which  are  equal  at  equal  di^tniices,  hutdiminiflh  with  inavaBo 
of  diafance. 

3,  ThpBo  fluids  are  capable  of  passing  from  oue  body  to  auother,  and  teaTellIng 
over  or  tlirimgh  different  bodiea  with  difteront  dffyrces  of  facility. 

It  is  ciit^y  to  fife  that  the  theory  thus  slat'od  accords  with  ail  the  phenomena 
hitherto  dt  ^'cribcd.  When  the  two  fluids  are  contained  in  a  bi^dy  in  equal  quantities, 
their  attmctiTe  and  repulsive  foreea,  exerted  on  any  particle  of  either  fluid  sitimted 
extfimaUy  to  that  body,  are  equal,  and  neutralise  ('ach  other,  so  that  uo  electrical 
phenomena  are  apparent^  bat  the  hndj  appears  in  its  ordinaiT  atate.  But  when,  by 
Action  or  otherwise,  a  separation  of  tlie  fluids  takes  places  and  one  of  them  becomes 
necumulated  on  a  body,  or  a  particidar  part  of  a  body^  in  greater  quantity  than  the 
other,  the  excels  will  show  itself  by  attractive  and  repulsive  forces  exerted  upon  the 
fluids  contained  in  neighbouring  bodies. 

When  two  movable  bodies,  pith-halls  for  instance,  are  charged  with  the  sfime  kind 
of  electricity  (say  Titreous),  the  excess  of  vitreous  fluid  in  each  is  driven  to  the  outer 
aide,  where  its  fWthor  progress  ts  prevented  by  tho  air,  through  which  it  cannot 
readily  pass ;  it  there  exerts  a  pressure  ou  the  two  balk  in  opposit^e  directioos,  causing  . 
them  to  recede  from  one  another.  If  the  two  bodies  are  oppositely  charged,  tie 
excess  of  vitreous  electricity  of  the  one^  and  the  resinous  electricity  of  Iho  other, 
attract  each  other  and  accumulate  on  their  contiguous  surfaces,  where  they  exert  a 
pressure  impelling  the  ballii  townrds  esch  other.  If  the  balls  actually  come  in  contact, 
an  interchange  of  the  two  electric  fluids  take^  place  between  them,  and  if  they  were 
charged  with  equal  quantitiea  of  the  two  fluids,  their  charges  neutralise  each  other 
eixactlyi  and  both  bodies  return  to  their  natural  state,  no  longer  appearing  electrified. 
If  the  quantity  of  vitreous  electricity  on  the  one  was  lai^r  than  that  of  resinous 
electricity  on  the  other,  both  appear  vitreoos  after  contact,  and  viee  vcrsd. 

The  neutralisation  or  union  of  the  opposite  electricities  ma^  also  take  place  without 
actual  contacts  Suppose  two  brass  oalls  supported  on  insidating  stands  to  be 
oppofiitely  electrified  and  gradually  brought  neait^r  to  each  other.  As  they  approach, 
the  opposite  electric  fluids  will  bo  drawn  more  and  more  to  the  nearest  points  of  their 
surfaces,  and  at  length  the  attraction  between  them  will  become  strong  enough  to 
overeomo  the  resistance  of  the  intervening  air.  The  union  of  the  opposite  electricities 
then  takes  place  through  the  air  iu  the  form  of  an  electric  spark,  longer  and  hrighttT, 
OB  the  quantities  of  the  opposite  fluids  present  on  tho  balls  are  great/er*  If  the  balls 
cannot  bo  brought  near  enough,  the  union  of  their  opposite  electricities  may  be 
effect ed  by  connecting  them  by  means  of  an  insulated  Metal  rod  or  other  conductor. 
In  either  cape,  the  ballfi  after  l>eing  connected,  appear  neutral  or  similarly  charged, 
according  as  their  opposite  cJiarges  were  equal  or  unequal 

The  union  of  the  opposite  elecfricitiea  in  either  of  the  ways  above  mentioneil  is 
called  the  electric  discharge.  In  tho  case  just  considered^  it  is  instjintancons ;  but 
suppose  the  two  brass  balls  or  other  conducting  bodies,  to  be  connected,  one  with  a 
coQstaztt  source  of  vitreous,  the  other  with  a  constant  source  of  resinous  electricity, 
and  a  commani cation  made  between  them  by  a  rod  or  wire  of  metal :  in  that  cai*e,  an 
uninterrupt^  scries  of  charges  and  discharges  of  the  opposite  electricities  will  take 
place  along  the  conducting  chain.  This  is  called  the  electric  current;  we  may 
suppose  indeed  that  a  stream  of  vitreous  electricity  is  flowing  through  tJio  conductors 
in  one  direction,  and  a  stream  of  resinous  electricity  in  the  other,  daring  the  whole 
time  that  the  action  is  kept  up. 

Electricity  in  the  state  of  discharge,  whether  sudden  or  continuous,  is  caUed 
dynamic  electricity,  that  is,  electricity  in  motion;  in  the  choired  stat^  it  is 
<^led  statical  ©leetricity,  or  electricity  of  tension. 

The  opposite  electricities  are  now  most  frequently  distinguished  by   the   terms 

f>ositive  and  negative,  the  former  being  used  synonymously  with  vitreous,  tho 
atter  with  resinous  electricity.  It  must  be  distinctly  understood^  however,  thnt  thero 
is  nothing  in  tho  first  mentioned  kind  of  electricity  (that  commonly  developed  on  glass> 
to  entitle  it  to  be  considered  more  positiye  than  the  other.  The  txrms  positive  ana 
negative  n*  applied  to  the  two  electricities,  ore  intended  merely  to  indicate  opposition 
nf  properties  and  tho  jx>wer  of  mutual  neutralisation.  It  is  often  convenient  to 
abbreviate  them  into  +£^and  »£1 


Blbctbtcal  MAcanms. 

For  tho  study  of  electrical  phenomena,  it  is  necessary  to  haT©  means  of  libenting  ths 
electric  fluids  in  larger  quantity  than  is  possible  by  the  simple  apparatus  hitherto 
mentioned.  Machines  for  this  purpose  consist  of  a  cylinder  or  circular  plwte  of  glass 
turning  on  a  horizontal  axis  and  rubbing  against  a  cusbioii  of  silk  or  leather.     The 
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^lass  thus  acquires  a  charge  of  positive  or  vitreous  electricity,  which  is  transferred  to  an 
insulat^Hl  metallic  conductor. 

Fia.  370  represents  a  cylinder  machine.  The  cylinder  rubs  against  the  cushion, 
which  is  attached  to  a  hollow  brass  cylinder  supported  on  glass  legs.  To  the  upper  edge 
of  the  cushion  is  attached  a  silk  flap  which  lies  over  the  upper  part  of  the  glass  cylinder. 
On  the  other  side  of  the  glass  cvlinder  is  another  brass  conductor,  called  the  prime  con- 
ductoTy  also  supported  on  glass  legs,  and  having  on  the  side  next  to  the  glass  cylinder  a 
row  of  pointed  wires,  fixc^  to  it  on  a  level  with  the  axis  of  the  cylinder;  these  are  for 
the  purpose  of  facilitating  the  passage 

of  the  electricity  from  the  glass  cylin-  Fig,  370. 

der  to  the  conductor,  as  vail  be  pre- 
sently explained.  ^^ 

The  cushion  is  covered  with  an  amal-  \ 
gam  of  mercury,  tin,  and  zinc,  mixed  up  O,^^ 
to  a  pasty  consistence  with  tallow-grease 
or  lard.  This  amalgam  is  found  to  be 
the  best  of  all  exciters  for  glass.  A 
good  proportion  of  the  ingredients  is  65 
pts.  mercury,  24  tin,  and  11  zinc  They 
should  be  melted  together  and  con- 
stantly stirred.  Bisulphide  of  tin  is 
also  a  good  material  for  covering  the 
rubber;  but  it  is  troublesome  to  prepare. 
On  turning  the  cylinder,  the  glass 
acquires  positive  electricity,  the  cushion 
and  the  brass  conductor  attached  to  it 
negative  electricity,  and  the  positive 

charge  of  the  glass  is  transferred  to  the  prime  conductor.  If  both  conductors  are  insulated, 
the  charge  on  each  of  them  soon  reaches  its  maximum ;  that  is  to  say,  the  transfer 
of  +  jB  to  the  glass,  and  of  —Eto  the  cushion,  soon  becomes  as  great  as  the  machine  is 
capable  of  effecting ;  but  if  the  negative  conductor  is  connected  mth  the  ground  by 
a  brass  chain  or  wire,  the  —  E  developed  on  the  cushion  is  at  once  carried  away,  and 
an  equal  quantity  of  +  ^  is  transferred  to  the  glass  cylinder,  and  thence  to  the  prime 
conductor,  which  will  then  ^ve  off  its  positive  charge  in  long  bright  sparks  to  any  con- 
ducting body  brought  near  it  If,  on  the  other  hand,  the  positive  conductor  be  connected 
with  the  ground,  and  the  negative  conductor  insulated,  the  +  ^  is  continuously  carried 
away  into  the  earth,  and  an  equal  quantity  of-^is  transferred  from  the  prime  con- 
ductor to  the  glass  cylinder,  and  thence  to  the  negative  conductor,  which  then  acquires  a 
high  negative  charge,  and  will  also  give  bright  sparks  to  any  conductor  presented  to 

it.  If  both  conductors  are  insulated,  and  jointed  brass  rods  terminated  by  knobs 
inserted  into  them  and  brought  within  a  short  distance  of  each  other,  the  +  E  and 
—  E  recombine  in  a  continuous  series  of  sparks  as  long  as  the  machine  is  worked.     If 

the  terminal  knobs  are  brought  very  close  to  each  other,  the  sparks  are  small  but  more 

continuous  than  when  the  interval  between  the  knobs  is  greater ;  and  if  the  two  knobs 

are  brought  into  actual  contact,  no  sparks  pass, 

and,  indeed,  neither  conductor  shows  any  signs 

of  charge,  either  by  giving  sparks  or  by  attract- 
ing light  bodies ;  nevertheless,  as  long  as  the 

machine  is  worked,  the  separation  of  the  two 

electricities  is  going  on  at  the  surface  of  contact 

of  the  glass    and  cushion ;  the  +  £  is  being 

transfeired  to  the  one  conductor,  the  —  ^  to 

the  other,   and  the   two  are  continually  re- 
uniting along  the  connecting  brass  rods ;  in 

short,   an  electric  current  is  established 

through  the  machine,  and  though  it  does  not 

show  itself  in  any  of  the  ways  just  mentioned, 

may  be  made  to  produce  a  variety  of  effects 

which  will  be  described  hereafter. 

The  plate-machine  represented  in  fg,  371 

will   be   understood  without  special  descrip- 
tion.   Various  forms  are  given  to  it.    In  that 

shown  in  the  figure,  which  is  the  ordinary 

form,  the  rubber  is  uninsulated,  so  that  there 

is  no  means  of  obtaining  negative  electricity, 

and  to  insulate  the  cushions  of  a  plate  machine  introduces  considerable  complication. 

For  tiliB  res8on  cylinder  machines  are  the  more  convenient  for  the  purpose  of  illustrating 


Fig.  371. 
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th<^  priociplee  of  the  Bcicnoe.  When,  on  the  other  hand,  it  is  merely  re^juired  to  ohtain 
one  kind  of  (»loetridt3%  as  for  invej^tiprsitinp:  the  effects  of  tbe  eleetnc  di^whargc  or 
current  on  bodiea  tlirough  which  it  passes,  plate  machines  are  usuidly  preferred,  aa 
they  arc  more  compact,  und  yield  a  greater  quantity  of  electricity  from  a  given  surfObCe 

of  gliVHS. 

Recently,  elwnite  (hiirdened  cjioutchoiic)  has  come  much  into  use  instead  of  glass  for 
piftti'  ele<'trical  machines ;  it  produces  powerful  electric  cscitx^ment,  and  does  not  con- 
dense moisture  on  its  surface  bo  readily  as  gla86  does ;  hence,  while  new,  it  is  bett4?r 
adapted  for  use  in  damp  weather  ;  but  the  friction  of  the  rubber  deutroye  tbe  polish  of 
its  surface,  whereby  its  efficiency  as  a  source  of  electricity  is  greatly  diminished. 
The  electricity  obtained  from  the  prime  conductor  of  a  machine  with  an  ebonite  plate 
ia  roiinouB  or  negative  electricity. 

Klectbosoofes  and  Elbctsouetbbs. 

An  ^ectroseopeiB  an  instrument  for  indicating  the  prescDce  of  electricity  in  a  state 
of  ehai^ge  or  tenifion,  by  means  of  the  attraction  and 
repulsion  of  light  bodica.  In  thin  tKma^  any  light 
body^  such  as  a  feather  or  a  pitb-balL,  suspendod  W  a 
silk  line,  may  bo  n?garded  as  an  elftctroscopc.  T?wo 
pith-balU  connected  by  a  linen  or  cotton  thread,  which 
IS  a  conductor,  and  hung  ovej*  an  insulated  metaJ  rod 
to  which  A  charge  is  comKaunicated,  will  indicate  it« 
presence  hy  their  divergence.  For  detecting  small 
charges  of  electricity,  the  goM-leaf  electroscope  ( fy, 
372,)  is  a  very  convenient  and  indeed  indiaponsable  in- 
stmmen  t.  It  consists  of  a  glass  jar  open  at  both  ends» 
and  supported  on  a  wooden  stand  covered  with  tiii  foil 
The  neck  is  closed  with  a  cap,  through  which  there 
pasaea  a  hra*s  rod  c,  to  the  lower  extremity  of  which 
are  attached  two  strips  of  gold-leaf  or  Dutch  raetd! ; 
to  the  upper  end  of  the  rod  c  ia  attached  a  brass  cap 
b.  A  charge  of  electricity  communicatetl  to  tliis  cap  is 
immediately  transferred  to  the  leaves,  and  causes  them 
to  div*>rge.  As  a  stronp  charge  sometimes  causes  the 
leaves  to  strike  against  the  sides  of  the  glass,  thereby 
giving  it  a  charge  of  electricity,  which,  if  retaini?d, 
would  disturb  the  indications  of  the  instrument,  two 
strips  of  tin  foil,  ef,  are  pasted  on  the  inside  of  tbe 
jaj,  BO  that  when  the  leaves  strike  against  th^m,  Uw 
charge  may  Ihj  immediately  carried  down  int«  tJie 
stand,  and  thus  got  rid  of.  ^^^Jere  very  great  delicarv 
is  not  required,  it  is  best  to  use  leaves  of  Dutch  metal, 
as  they  are  easily  replaced  when  injured ;  btit  for  greater 
delicacy  gold  leaves  must  be  used.  The  sensitive- 
ness of  the  instraraent  is  greatly  increased  by  certain 
additions,  to  be  afterwards  descrilwd* 

To  te«t  th*>  kind  and  degree  of  charge  of  an  elec- 
trified body  by  means  of  this  instrumeotv  the  body  is 
touched  with  a  small  hr&as  ball  suspended  by  a  silk 
line,  or  with  an  instrument  called  a  proo/"  Wane,  con- 
sisting of  a  small  disc  of  gilt  paper  at tacheci  to  a  thin 
stick  of  shellac,  and  the  hall  or  plane  is  then  brought 
in  contact  with  the  cap  of  the  electroccope.  The 
degree  of  divergence  of  the  leaves  gives  an  approii- 
iiiat«  indication  of  the  strength  of  the  charge  ;  and  its 
nature,  whether  positive  or  negative,  may  he  known 
by  holding  above  the  cap  an  excited  glass  rod,  which 
increaspsi  or  diminishes  the  divergence  of  the  leaves, 
according  to  the  kind  of  electricity  with  which  they 
are  charged.  For  a  description  ef  Peltier  s  rlectrtj- 
Bcope,  see  Pol  tier,  (Ann.  Ch.  Phys,  [2]  Ixii.  422),  j 
Riess  (jRei/mnffS-Eleitncifnt,  i,  04), 

An   etectromtter   is  an   instmment  for  measuring 
quantitatively  the  charge  of  an  electrified  body.    The 
one  most  used  is  the  torsion  balance  or  torsion 
•lectrometerof  Coulomb,repreBented  in^.373.   It  conBifitsof a  glusB  ca^  A (^,3 78), 
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of  cylindrical  or  cabical  form,  snrmounted  by  a  Tertical  glass  tube  about  2  feet  high ; 
through  the  axis  of  the  tube  there  passes  a  silver  wire  or  a  glass  thread,  carrying  at 
its  lower  extremity  a  brass  weight,  which  stretches  it,  and  through  which  there  passes 
a  needle  of  shell-lac,  terminated  by  gilt  pith-balls,  ef.  The  wire  or  glass  thread  is 
fastened  at  its  upper  extremity  to  a  button,  6,  which  moves  stiffly  in  the  cap,  and  carries 
an  index,  t,  moving  over  a  graduated  circle,  to  measure  the  angle  through  which  the 
thread  is  twisted.  In  the  cover  of  the  glass  case  there  is  a  hkteral  aperture,  m,  for 
introducing  a  gilt  pith  ball  attached  to  a  shellac  stem,  this  ball  having  the  same  dia- 
meter as  those  at  the  end  of  the  needle  (sometimes  proof  planes  are  substituted  for  the 
baUs).  This  ball,  after  having  been  brought  in  contact  with  the  body  whose  electric 
charge  is  to  be  measured,  is  introduced  into  the  glass  case,  as  shown  in  the  figure,  where 
it  first  attracts  the  ball  ^,  and  then  having  charged  it,  repels  it  to  a  certain  distance, 
which  may  be  measured  in  degrees  on  the  divided  circle.  Now  when  a  thread  or  wire 
is  twisted,  the  force  with  which  it  tends  to  untwist  increases  in  direct  proportion  to 
the  angle  of  torsion.  Thus,  if  one  electric  charge  drives  the  movable  ball  to  10° 
from  the  fixed  ball  and  another  drives  it  20^,  the  repulsive  force  in  the  second  case  is 
twice  as  great  as  in  the  first.  But  the  usual  mode  of  workins  with  the  torsion 
balance  is,  after  having  communicated  the  charge  to  the  movable  ball,  and  driven  it 
off,  to  twist  the  thread  the  contrary  way,  till  the  movable  ball  is  brought  within  a 
eertain  distance  of  the  fished  balL  Suppose  that  this  distance  is  10*^,  and  the  thread 
has  been  twisted  through  20° ;  then  the  total  force  of  torsion  is  80°,  for  the  thread  is 
twisted  through  10°  at  the  bottom  and  20°  at  the  top.  The  use  of  the  instrument 
will  be  illustrated  by  describing  its  application  to  the  investigation  of  the 

Laws  of  Eleotbic  Attbaction  and  Bbfulsion. 

1.  With  regard  to-  distance, — ^Let  the  fixed  ball  be  charged  from  the  conductor  of 
an  electrical  machine,  and  its  charge  communicated  to  the  movable  ball  as  above  de- 
scribed. Suppose  the  movable  bsdl  to  become  stationary  at  36°  from  the  fixed  ball, 
the  thread  or  wire  having  been  previously  quite  untwisted.  Now  let  the  wire  be 
twisted  till  the  movable  ball  is  brought  to  18°  distance  from,  the  fixed  ball ;  for  thig 
it  will  be  found  necessary  to  twist  the  wire  through  126°,  making  the  entire  torsion 
equal  to  126°  -I-  18°  «-  144°.  Next  let  the  wire  be  further  twisted  till  the  distance 
between  'the  two  baUs  is  reduced  to  9° ;  this  will  require  the  wire  to  be  twisted 
through  667°,  making  the  entire  torsion  =  567°  +  9°  «=  576°.  The  forces  required 
to  keep  the  balls  at  36°,  18°,  and  9°  apart  are  therefore  as  the  numbers  36,  144,  576, 
that  is  to  say,  when  the  distances  are  as  1  :  J  :    ^, 

the  repulsive  forces  are  as  .        .     1  :  4  :  16  ; 

hence  the  rrpulsive  force  exerted  between  two  bodies  similarly  electrified  varies  inversely 

as  the  square  of  the  distance. 

In  like  manner  by  charging  the  fixed  and  movable  balls  with  opposite  electricities, 
it  may  be  shown  that  the  attractive  force  follows  the  same  law. 

2.  With  regard  to  quantity. — Coulomb's  method  of  determining  the  manner  in  which 
the  attractive  or  repulsive  force  between  two  electrified  bodies  varies  with  the  quan- 
tities of  free  electricity  contained  in  them,  is  based  upon  the  obvious  assumption  that 
if  two  equal  and  similar  insulated  conductors,  two  equal  metallic  spheres,  for  example, 
be  electrified  and  placed  in  contact,  the  electric  charge  will  be  divided  equally  between 
them.  This  being  granted,  the  law  in  question  may  be  investigated  as  follows :  — 
Observe  the  force  of  torsion  which  at  a  certain  distance  equilibrates  the  attractive  or 
repulsive  force  exerted  between  the  fixed  and  movable  ball  of  the  torsion  balance, 
which,  as  already  observed,  are  of  equal  diameter.  Now  take  a  third  gilt  ball,  likewise 
of  the  same  size,  and  insulated,  but  not  electrified,  and  touch  with  it  the  fixed  ball  of 
the  balance.  This  contact  deprives  the  fixed  ball  of  half  its  electricity,  the  charge  of 
the  movable  ball  remaining  unaltered.  It  will  then  be  found  that  the  force  of  tor- 
sion required  to  keep  the  balls  at  the  same  distance  is  only  half  what  it  was  before. 
If  the  electricity  of  the  movable  ball  be  then  reduced  to  one-half  in  the  same  manner, 
the  force  required  to  keep  it  at  the  same  distance  will  be  reduced  to  one-fourth  of  its 
original  amount,  and  by  again  reducing  the  charge  of  either  ball  one-hal^  the  force  re- 
quired will  be  reduced  to  one-eighth  of  the  original  amount  Hence :  At  a  given 
distance  the  attractive  and  repulsive  forces  exerted  between  two  electrified  bodies  are  as 
the  product  of  the  quantities  of  free  electricity  contained  in  them. 

If  then  £,  £*  are  the  quantities  of  free  electricity  in  two  bodies,  and  D  the  distance 
between  them,  the  attractive  or  repulsive  force  between  them  is  represented  by  the 
equation : 

F  =  m-^ 

m  being  a  constant 
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This  law  is,  howcTCTt  subject  to  modificiition,  dqM^ridiag  on  tbe  form  of  the  body  and 
on  the  modi?  of  distribution  of  the  electric  clmrge  upon  it.  Like  the  hiw  of  gravita- 
tion, it  is  BtriL*tlj  true  only  for  miiterial  pointi*,  or  for  sphere*,  whidi  act  uf^ou  one 
another  like  material  ^Kiinta  situated  at  their  r<»speetive  centres,  or  for  otliCT  bodiess 
whose  dimeusiouB  are  insignificant  a*  compored  with  the  distances  between  them.  More- 
OTor,  when  two  charged  bodies  are  in  presence  of  one  another,  tbe  distribution  of  the 
charge  on  each  is  not  tbe  ftame  aa  if  the  other  were  removed ;  and  this  abo  matt*rially 
affects  the  magnitude  of  the  resultant  tittm<:tive  or  repukive  force  exerted  between 
them.  Coulomb's  cjtperiments,  which  were  mjide  with  spheres,  may,  however^  be  re- 
giiwied  as  proving  that  the  attract  ion  and  repulsion  between  the  ultinmte  particles  of 
the  electric  fluids  follow  the  kw  i)f  th©  inverse  squares* 


DtSTKEBiniON  OF  ELBCTfOCHT* 

In  eouBeqiienco  of  the  mutual  repidsion  of  the  partidea  of  each  of  tbp  ele^rtric  fltudSi 
and  the  facility  with  which  they  Ciiu  traverse  conducting  bodies,  it  follows,  that  any 
charge  of  electricity  communicated  to  an  insulated  conductor  will  bo  confined  to  its 
surface,  the  interior  remaining  in  the  neutral  stat<» ;  for  eveu  if  a  charge  of  either 
elect  rid  ty  be  oommimicated  to  the  interior  of  a  solid  conductor,  the  mutual 
rcpiiliiiou  of  its  particles  will  drive  it  to  the  suTface.  where  it  will  bo  retained 
by  the  insulating  power  of  the  air,  or  other  surrounding  non-conductor.  The  eiperi- 
mental  proof  of  this  proposition  is  easy.  Chaise  an  insulated  metallic  Tcssel  of  any 
shape  whatever  with  electricity  &om  tbe  conductor  of  a  machine ;  touch  difikrent 
parts  of  its  surface  with  a  proof-plane  or  eamer-ball,  (p.  380).  and  then  bring  the  piano 
or  ball  in  contact  with  a  gold-leaf  el(*ctrosco|je ;  the  external  surfiico  will  be  found 
atrongly  charged,  while  the  inner  surface  exhihita  no  charge  whatever,  and  this  will  be 
the  case  even  though  the  external  surface  is  chained  auf&ciently  to  give  strong  s^mrka. 

It  follows  from  thia,  that  a  charge  of  electricity  is  distributed  between  two  con- 
ductors in  COD  tact  in  proportion  to  tl;eir  surfaces,  not  to  their  masses.  Coulomb  gave 
eiperimentid  proof  of  thia  by  observing  the  repulsive  force  between  the  two  balls  of 
the  torsion  balaneej  before  and  after  the  fixed  ball  had  been  touched  with  a  third  ball 
of  exactly  the  same  size,  likewise  insolated  but  un electrified.  Whether  this  third  bsiU 
was  solid  or  hollow,  made  of  copper,  lead,  or  any  other  metai  of  wood^  cork^  or  elder- 
pith,  or,  in  short,  of  any  conducting  suljstance  whatever,  it  always  took  away  from  the 
fixed  ball  of  the  torsion  balance  half  the  electricity  which  it  possessed.  If  tbe  un- 
electriEed  ball  had  a  double  surface,  the  electric  charge  of  the  fixed  ball  of  the  torsion 
balance  waa  reduced  to  a  third  of  its  original  amount ;  and  in  aU  casc«,  the  charge  was 
found  to  be  distributed  between  tbe  two  in  the  proportion  of  their  surfuceai. 

Distribntion  of  ehxiFicity  on  surfaces  of  different  f&r7n4,*^Wheu  an  insulated  metallic 
Bphere  placed  ut  a  considerable  distance  from  all  other  conducting  bodies  is  charged 
with  electricity  of  either  kind,  all  the  points  of  its  surface  are  found  to  be  charged  in 
the  same  degree :  this  may  be  shown  by  means  of  the  proof-plane  and  torsion  balance, 
as  already  described.  This  uniformity  of  charge  impUes  that  the  electric  fluid  is  dis- 
tributed over  the  surface  of  the  sphere  in  a  stratum  of  uniform  thickness  ;  for  if  there 
%vere  more  at  one  point  than  at  another,  the  proof-plane  would  theu  receive  a  higher 
chaise.  This  mode  of  distribution  is  a  direct  consequence  of  tbe  law  of  rariation  of 
force  according  to  the  inverse  sqinares  of  the  distances.  To  show  this,  let  the  circle  bffd 
{fig.  374)  represent  a  section  through  the  centre  of  a  conducting  sphere  charged  ^ — say 
with  +  E,  It  is  dear  that  when  the  whole  is  in  a 
Fig,  374.  state  of  equihbrium,  any  particle  of  positive  electricity 

0,  within  the  sphere  must  be  equally  repelled  by  the 
portions  of  electric  fluid  situated  on  opposite  parts  of 
the  soi^iice,  and  any  particle  of  negative  eiectricily 
equally  uttractcd  by  such  opposite  portions.  Dmw 
through  a  two  straight  lines  dnf  gah^  nmldiag  a 
gmall  aogle  with  each  other,  and  suppose  them  to 
revolve  round  the  line  hac  bisecting  the  angle  d^g* 
They  wiU  then  trace  out  two  small  conical  spaces,  the 
buM^'S  of  which  ai'e  portions  of  the  spherical  siiriaoe. 
The  condition  of  equilibrium  of  the  partide  a  is  that 
the  action  exerted  upon  it  by  the  fluid  on  the  portions 
of  surfaces  dg  and  /A,  must  be  equal.  Now  the 
action  of  any  particle  in  the  surface  dg  on  a,  is  to 
that  of  a  partide  in  fh  as  (at')' to  {abf  i  therefore,  to  ensure  equilibrium,  the  quantity 
of  eleetricity  on  the  surface  dg  must  be  to  that  on  fh  as  {ah)*  to  {iK^y ;  but   these 
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surfaces  Uiemselves  are  to  one  another  in  the  same  ratio ;  hence  it  follows,  that  the 
thickness  of  the  stratum  of  electric  fluid  on  dg  must  be  the  same  as  that  on  fh.  If, 
for  example,  ab  =  2ac,  then  the  quantity  of  electricity  on  dg  must  be  four  times  as 
great  as  that  on  fk ;  but  the  surface  dg  =  4/% ;  and  it  is  evident  that  a  fourfold 
quantity  spread  over  a  fourfold  surface  must  form  a  stratum  of  the  same  tliickness. 

But  in  an  oral-shaped  body,  such  as  that  represented  in  section  in^.  375,  a  similar 
construction  will  show  that  the  electric  fluid  must  be  accumulated  in  a  thicker  stratum 
towards  the  narrow  ends.  For  in  this 
case  the  surface  dg  bears  to  /h  a  ratio 
greater  than  that  of  (o^)*  to  (a<?)',  greater 
Sierefore  than  the  ratio  of  the  quantity 
of  electricity  on  dg  to  that  on  fh ;  con- 
sequently, the  thickness  of  the  stratum 
of  fluid  in  dg  must  be  less  than  that 
on  fh.  In  the  case  of  an  ellipsoid  of 
revolution,  mathematical  analysis  shows 
that  the  thicknesses  of  the  electrical  stra- 
tum at  the  ends  of  tb^  axes  are  directly 
as  the  lengths  of  those  axes ;  and  this 
conclusion  is  confirmed  by  experiments  with  the  torsion  balance. 

In  general,  all  elongat^  conductors  exhibit  an  excess  of  electrical  charge  towards 
their  extremities.  A  cylinder  6  centimetres  in  diameter  and  86  centimetres  long,  with 
hemispherical  ends,  wiis  found  by  Coulomb  to  exhibit  at  the  extremities  an  electric 
charge  2*3  times  as  great  as  in  the  middle ;  at  26  centimetTCS  from  the  extremities,  the 
charge  was  1*25  times  as  great  as  in  the  middle.  In  a  prismatic  conductor,  the  dis- 
tribution is  similar ;  in  a  thin  plate,  the  thickness  of  the  electric  stratum  increases 
rapidly  from  the  middle  towards  the  edges.  Now  the  tendency  of  electricity  to  escape 
from  any  part  of  a  charged  conductor,  increases  rapidly  with  the  thickness  of  the 
stratum  of  electric  fluid  at  that  pointy  in  consequence  of  the  crowding  together  of  a 
greater  number  of  mutually  repuLsiye  particles  within  a  given  space.  Hence  it  follows 
that  elongated  conductors,  such  as  pointed  rods,  will  discharge  electricity  much  more 
rapidly  than  rounded  ones;  indeed,   when  a  pointed  rod  or  p^^  gy^ 

wire  is  inserted  into  the  conductor  of  an  electrical  machine,  it  ^' 

is  impossible  to  obtain  large  sparks  from  it,  however  quickly 
the  machine  may  be  worked,  the  charge  being  rapidly  dissipated 
from  the  point  Hence,  to  retain  the  charge  on  the  surface  of  a 
conductor,  that  surface  must  be  well  polished,  and  free  from  all 
sharp  projections. 

The  discharge  of  electricity  from  a  pointed  conductor  gives 
rise  to  a  rapid  charging  of  the  surrounding  particles  of  air,  and 
these  particles  becoming  electrified,  similarly  to  the  conductor, 
are  quickly  repelled  from  it,  and  produce  a  wind,  blowing  as  it 
were  from  the  extremity  of  the  conductor.  Moreover,  since 
the  repulsion  is  mutual,  if  the  pointed  conductor  be  movable, 
it  will  be  impelled  in  the  opposite  direction  to  the  stream  of 
air.  Thus,  if  a  cross  formed  of  brass  wires,  having  their  ends  bent  in  one  direction, 
as  in^.  376,  be  supported  by  a  cap  on  a  pointed  rod  inserted  into  the  conductor  of 
an  electrical  machine  in  action,  it  will  rotate  in  a  direction  opposite  to  that  in  which 
the  points  are  turned. 

Quantity  and  Intensity  of  Charge. — ^The  same  quantity  of  electricity  exhibits  very 
difierent  degrees  of  repulsive  force,  according  to  the  way  in  which  it  is  distributed. 
Thus  a  quantity  of  electricity  which,  when  communicated  to  an  insulated  metallic  ball, 
exerts  a  repulsive  force  equivalent  to  a  torsion  of  10^,  will  exert  only  half  that  force, 
or  5°,  when  distributed  over  two  such  spheres  of  the  same  diameter  (p.  381).  This  is 
frequently  expressed  by  saying  that  the  intensity  of  the  charge  in  the  fiirst  case  is  double 
that  in  the  second.  Intensity,  in  fact,  denotes  the  tendency  of  electricity  to  escape  from 
any  space  in  which  it  is  confined,  and  its  power  of  overcoming  obstacles  to  its  passage. 
The  term  is  applied  with  reference  to  electricity  much  in  the  same  way  as  tempera^ 
ture  with  respect  to  heat  Just  as  a  pint  of  w&ter  at  100^  C.  can  produce  many  effects 
which  a  gallon  of  water  at  60^  cannot  e.g.  causing  alcohol  to  boil,  fat  to  melt,  &c., 
although  the  quantity  of  heat  in  the  latter  (as  measured  by  the  quantity  of  ice  that  it 
will  melt  on  cooling  to  0^)  is  greater  than  in  the  former ;  so  likewise  a  small  quan- 
tity of  electricity  confined  in  a  small  space  exerts  a  much  greater  repulsive  force 
than  a  larger  quantity  distributed  over  a  comparatively  larger  space.  The  intensity 
of  an  electric  charge  is,  in  fact,  proportional  to  the  square  of  the  thickness  of  the 
stratum  of  electric  fluid  on  the  surface  of  the  charged  body.  For  the  repulsive  force 
exerted  between  any  two  portions  of  the  same  electric  fluid  at'a  given  distance  varief 
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as  the  prodoet  of  those  qiiantities  (p.  381),  and  if  tbey  ore  both  increased  ft  tiinefl,  the 
reptUfliTe  force  between  tJiem  mt^rcases  n^  time«.  Now  the  tendency  of  electricilj  to 
escape  from  a  charged  bodj  anBQn  from  tho  repulsion  exerted  on  the  elMtridty  at 
any  one  point  of  its  unrfiicG  by  the  total  quantity  of  electricity  of  tho  aame  kind  dif- 
fui*ed  over  the  reet  of  the  surface.  If  now  the  quantity  of  free  electricity  containtjd  in 
the  body  bo  doubled,  the  thickness  of  the  auperficial  stratum  mil  be  doubled  at  all 
points ;  consequently  the  repuUive  force  between  the  portiouH  of  electricity  at  any  two 
points  will  be  quadrupled.  And,  in  general,  if  tho  quantity  is  increased  n  times^  the 
intensity  or  tendency  to  escape  increases  n*  times. 

DfiVBLOPMBNT   OF  ELKCTBrciTT  BY  IkDUCTIOK   OR  IWFLtTRNCB, 

A  body  eharged  with  electricity  and  brought  into  the  neighbourhood  of  an  insulated 
conductor  in  itfi  naturid  state,  produoea  an  immediate  separation  of  the  eloctric  fluid  § 
in  that  body,  rejH^lliiijr  that  of  the  same  kind  with  its  own  chiuge,  and  attracting  that, 
of  tho  opjjosite  kind.  Thus^  let  an  initiated  metiillic  cylinder  ]i  G  {fy.  377),  having  a 
number  of  pith«baU  electroscopes  fiiispen<ied  from  it,  bo  brought  near  a  body  A,  charged 
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with  +  E,  but  not  near  enoiigh  to  allow  a  spark  to  pass  between  them*  The  dcctroBcopes 
near  the  extremities  of  the  cylinder  will  iiamodiately  diverge,  while  those  ne^ir  the 
middle  keep  their  uatoral  position.  On  tlie  remoYul  of  the  charged  boll,  they  all  fall 
down  again,  and  resume  their  divergent  position  when  H  agaia  approaches  the  cy- 
linder. Furthoj",  if  a  pith-ball  aoft|>ended  on  silk  and  charged  with  +^  be  held  near 
differtjnt  parts  of  the  cylinder  while  the  ball  A  is  in  |>OBition,  it  will  be  attracted  at  tho 
end  nearest  to  A,  repelled  at  the  farther  end^  and  nnther  attracted  nor  repelled  near  the 
middle,  showing  that  the  near  end  exhibits  electricity  opposite  to  that  of  A^,  and  the 
fiiTtbcr  end  the  same  electricity  as  A*  The  eame  may  be  further  shown  by  touching 
tho  different  parts  of  the  cylinder  with  a  proof-plane,  and  tj'ansferring  the  charges  to 
on  electroscope ;  this  mode  of  teinting  ako  shows  that  there  is,  somewhere  between  the 
extremities  of  the  cylinder,  a  a euf  ml  line^  where  neither  kind  of  electricity  predomi- 
nat^-fi.  The  exact  fiosition  of  thi&  line  and  the  diHtribntiou  of  the  opposite  electrici- 
ties on  either  side  of  it  varies  with  the  dimensions  of  tho  cylindeTt  its  distance  firom 
the  chaiig*^  Ijody  A,  and  the  strength  of  the  chai^  of  A.  Vfhva  the  charged  body  A 
is  removed,  the  two  clectrieitica  in  B  C  reunite,  and  this  body  no  longer  exhibits  any 
electric  excitement,  provided  always  that  the  two  bodies  have  never  been  brought  near 
enough  to  allow  of  an  interchange  of  their  opposite  electricities  in  tho  furm  of  a  spark, 
and  that  B  0  hee  reiiiaincd  inf^uJuted  all  the  time. 

Suppose  now  that  while  B  C  is  under  tlie  inHuence  of  A,  a  second  inmdated  eond  act- 
ing cyhuder  is  joined  on  to  the  end  C.  Tho  +  E  wiU  then  be  driven  into  this  second 
cylinder,  and  the  first  will  exhibit  —E  over  the  great^^r  part  of  its  surface.  Now  se- 
parate the  two  eylindem,  and  then  remove  the  oody  A.  The  first  cylinder  then  re- 
mains pi' nnii neatly  negative  and  the  second  positive.  Suppose,  in  the  next  place,  that 
the  cylinder  B  C,  while  under  the  influence  of  A,  is  touched  with  the  finger.  The  +  E 
will  ttien  l^e  driven  into  the  ground,  the  cyliudcr  will  rT?main  negative,  and  if  it  be  again 
insulated  before  A  is  removed,  it  will  remain  penaaneutly  negative.  This  eflfect  may 
easily  be  shown  by  the  gold-l*»af  eleetroiscope.  On  holding  over  the  cap  an  excited  1 
stick  of  sealing  wax,  the  +  £  of  the  electPu«*cope  i&  dmwn  up  into  the  cap,  and  the  —  S  ^ 
driven  into  the  leaves,  which  then  diverge;  on  removing  the  scaling  wax,  the  two  eWtri- 
citicj*  rccombine,  and  the  leaves  eollftfh»e  ;  but  if,  while  the  excited  wax  is  held  over  the 
electroscope,  tlw  cap  he  touched  with  the  finger,  the  leavefl  collapse,  because  the  —  JSJ 
which  made  them  diverge,  is  driven  into  the  ground ;  if  tho  fliiger  be  then  removed, 
the  sealing-wax  remaining  in  position,  the  leaves  will  stiU  hang  vertically ;  but  on 
then  removing  the  wax,  they  inatandy  diverge  wilh  a  jiosilive  charge,  because  th*  \ 
positive  electricity  previously  rt^tained  in  the  cap  by  the  attraction  of  tho  —  JP  of  th» 
excited  wax,  now  distributes  itself  uniformly  thix)ngh  the  cap,  wire,  and  leaTes,  whidi 
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thus  acquire  a  pemMaent  pontiTe  charge.  On  again  appvoaching  the  excited  wax  or 
other  negatirely  electrified  body,  they  collapse ;  but  the  approach  of  an  exited  glass 
tnbe  makes  them  diyeige  more  widelj.  This  is  the  most  convenient  way  of  using  the 
gold-leaf  electroscope  to  see  whether  the  charge  of  a  given  body  is  positiye  or  negatire. 
The  separation  of  the  electric  fluids  in  a  neutral  body  under  the  influence  of  an  elec- 
trified body  is  called  dectri$ation  b^  induction  or  influence.  It  is  evident  that  a  body 
ehaiged  with  either  kind  of  electricity  must  exert  this  influence  on  all  the  bodies  in  its 
neighbourhood,  separating  their  electric  fluids  with  more  or  less  facility,  according  to 
their  conducting  powers.  When  a  light  body,  such  as  a  feather,  is  brought  near  an 
electrified  body,  the  opposite  electricity  is  developed  on  the  nearer  side  of  the  feather, 
and  the  mutual  attraction  of  the  opposite  electricities  causes  the  feather  to  approach 
the  excited  body.  The  attraction  or  neutral  by  charged  bodies  is,  therefore,  merely  a 
particubr  case  of  the  mutual  attraction  between  the  opposite  electricities. 

It  is  evident  that  the  influence  of  a  chai^ged  body  on  the  electric  fluids  of  neigh- 
booring  bodies  will  be  exerted  equally  whether  they  are  previously  in  their  natural 
state  or  not  When  two  bodies  similarly  charged,  say  both  with  -»•  £^  are  brought 
near  each  other,  the  mutual  repulsion  of  the  similar  electricities  causes  them  to  accu- 
mulate on  those  points  of  the  surfaces  which  are  farthest  fix>m  each  other.  On  the 
other  hand,  if  they  are  oppositely  charged,  the  mutual  attraction  of  the  +  E  and  —E 
causes  them  to  accumulate  in  greatest  quantity  on  the  contiguous  portions  of  the  sur- 
fiices.  When  a  body  containing  excess  of  -f-J?  is  brought  near  a  neutral  body, 
as  B  C  {fig.  377),  the  —J?  drawn  to  the  nearer  end  of  that  body  acts  upon  the  +  £  of  A, 
causing  it  to  accumulate  on  the  part  of  A  nearest  to  B ;  and  this  again  causes  a  further 
flow  of  —  i&  to  B,  and  thus  the  action  goes  on  till,  if  the  bodies  are  not  too  far  apart, 
the  mutual  attraction  of  the  opposite  electricities  is  strong  enough  to  overcome  the  re- 
sistance of  the  air  or  other  intervening  insulator,  and  an  mterchan^  of  the  two  takes 
place  in  the  form  of  a  spark,  the  result  being  that  the  previously  electrified  body  has 
its  charge  diminished,  and  the  previously  neutral  body,  if  insulated,  becomes  perma- 
nently <marged  with  the  same  kind  of  electricity  as  A. 

We  proceed  to  apply  the  preceding  principles  to  the  construction  of  several  useful 
electrical  instruments. 

Tlie  BleotroplioiTis. — This  instrument  consists  of  a  cake  or  plate  A  {fig.  378),  of 
some  material  easily  excited  by  friction,  as  glass,  ebonite,  gutta  percha,  or  resinous 
mixtures  of  various  kinds,  resting  on  a  metallic  plate  B,  called 
the  sole,  and  provided  with  a  metallic  cover  C,  which  simply  Fig.  378. 

rests  upon  it,  and  can  be  removed  by  an  insulating  handle  H. 
A  good  material  for  the  cake,  according  to  Bottger,  is  5  pts. 
shellac,  6  mastic,  2  Venice  turpentine,  and  1  marine  glue,  ^a 
mixture  of  shellac,  coal-tar,  and  caoutchouc,  L  739).  This 
mixture  must  be  carefhlly  heated  over  a  flre,  so  that  when 
poured  out,  it  may  have  no  air  bubbles  on  its  surface.  Pfaff 
recommends  a  mixture  of  8  pts.  colophony,  1  shellac,  and  1  ^         fl    ^    ^ 

Venice  turpentine.  Shellac  mixed  only  with  10  per  cent.  P  \i'ifltftMtfWfiig  H^ 
Venice  turpentine  is  still  better,  but  dearer.  Either  of  these  resinous  mixtures  is 
better  than  glass  or  ebonite,  because  it  does  not  condense  moisture  so  easily  on  its 
forfiuM. 

The  resinous  cake,  when  beaten  with  a  cat-skin,  becomes  negatively  electrified. 
When  the  cover  is  laid  upon  it,  no  communication  of  electricity  takes  place  from  one 
to  the  other,  but  the  —  J^  on  the  sur&ce  of  the  cake  acts  inductively  on  the  electric 
fluids  of  the  cover,  attracting  the  +E\o  the  lower  surface  and  repelling  the  —  ^  to 
the  upper.  If  the  cover  be  lifted  up  by  its  insulating  handle,  the  electric  fluids  reunite, 
and  the  cover  appears  perfectly  neutral  But  if;  while  it  rests  on  the  cake,  it  be 
touched  with  the  finger,  the  —E  on  its  upper  surface  is  driven  away,  and  more 
+  E  enters  it ;  so  that,  on  removing  the  finger  and  then  raising  the  cover  by  its 
insulating  handle,  it  appears  strongly  positive  and  gives  bright  sparks.  On  dis- 
ehai^ng  the  cover,  replacing  it,  again  touching  it  with  the  finger,  insulating,  and 
raising  it  by  the  hanole,  it  will  again  be  found  charged  with  -^  E  as  strongly  as 
before ;  and  this  charging  of  the  cover  may  be  repeated  any  number  of  times,  as  long 
as  the  surface  of  the  cake  retains  its  negative  charge,  which  in  a  dry  atmosphere  it 
will  do  for  a  long  time.  Indeed,  if  the  cover  be  laid  on  the  cake  and  the  apparatus 
set  aside  in  a  dry  place,  it  will  retain  its  charge  for  months. 

If  glass,  or  any  other  material  which  becomes  positive  by  friction,  be  used  as  the 
electric,  the  cover  will  of  course  acquire  a  negative  charge. 

The  electrophorus  is  a  very  convenient  instrument  to  the  chemist,  as  it  supplies  a 
ready  means  of  obtaining  a  spark  for  the  explosion  of  gaseous  mixtures. 

Tlia  Omokdmnm&rm — This  is  a  contrivance  for  increasing  the  delicacy  of  electrosoopea. 
On  the  cover  of  a  gold-leaf  electroscope  {fig.  379)  is  laid  a  circnlar  brass  plate,  well 
Vol.  n.  CO 
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poliahed  ;  /tnd  on  thia  ia  I&id  another  brass  plate  of  the  sftttiG  diameter,  proTided  with 
an  iuNiilutiDg^  Imndle,,  and  covered  oa  its  lower  surface  with  copal  vumish,  to  prerenL 
metidlic  contact  between  the  plates.  Let  the  lower  plate  a,  be  connected  with  a  fe*>ble 
source  of  electricity  (say  -f  K)  not  strong  enrmgh  to  produce  a  sensible  deflection  of 
the  gold-leaves.  Now  touch  the  upper  piaU"  6  vriih  the  finger.  The  -i-  E  in  a 
will  then  decompose  the  electric  fluid  txi  6»  driving  the  -^E  away,  and  causing  a 
flow  of  —E  to  the  lower  Burface  of  b;  thia  —E  will 
then  ilraw  more  +  £  into  a,  and  thia  again  will  draw 
more  —  £^  to  the  lower  surface  of  b,  and  thus  the 
action  wiD  ^o  on  till  a  quantity  of  +  ^  is  accumulated 
on  a,  mucli  larger  than  it  would  otherwise  hare 
acquired.  Now  disconnect  a  with  the  source  of 
electricity,  and  lift  up  the  plate  b.  The  -t  E  accumu- 
lated on  a  will  then  diflxise  itself  through  the  elec- 
tfos<?oite,  and  cause  the  leaves  to  diverge.  In  tliia 
way,  decided  indicationa  of  electric  action  may  often 
be  obtained  from  sourcea  too  feeble  to  produce  a 
deflection  of  the  electroscope  by  direct  commanicafion. 
Instead  of  using  the  instru-ment  in  the  way  just  do- 
scribed,  the  upper  plate  may  be  connected  with  the 
source  of  electricity  and  the  lower  plato  with  the  ppound ; 
in  thja  cane,  the  action  will  take  place  in  a  HimiJar 
manner,  but  the  electricity  with  which  the  leaver 
diverge  will  be  of  the  opposite  kind  to  that  of  the 
ftOnrce. 

Tbe  Coatad  Plate  anil  ^eyden  Jar. — Let  a 
glass  plate  C  ijt/.  380)  coated  on  both  Bides  with  tin -foil 
to  within  about  2  inches  of  its  edges,  and  having  a  pilh- 
bal!  suspended  by  a  thin  aQver  wire  attach dl  t^  t*aeh 
coatinj?,  be  placed  near  the  conductor  of  an  electricjil 
machine^  so  that  +  E  may  be  commanicut^i  to  one  of 
its  editing^ ^,  wliile  the  other  »,  remains  insulati'd. 
Both  the  pith-balls  immediately  stand  out,  and  the 
approach  of  an  excited  glass  rod  shows  thai  b  as  well 
aa  a  has  received  &  positive  charge.  The  cause  of 
thia  is  obvious.  The  +  E  communicated  to  the  coating 
p  from  the  machine  draws  the  —  JS  of  the  opposite 
coating  n  towards  the  surface  of  the  glass,  and  repels 
the  -^  E  to  the  onter  surface  of  n,  and  into  the  bull  k 
While  the  coating  «  remains  insulated,  +  ^  continues 
to  flow  into  the  coating />,  till  a  particle  of  it  is*  re  pel  Jed 
as  strongly  in  one  direction  by  the  action  of  the  +  E  on 
the  two  coatings  |»,  n,  as  it  is  urged  in  the  contrary  di- 
r«»ctioa  by  the  -t-  i^  in  the  conductor  of  the  machine. 
When  this  point  is  attained,  the  electricity  b<^ins  to 
start  out  from  the  edges  of  the  coating  p  in  sparks 
and  streams  in  all  directions.  Now  connect  n  with 
the  ground.  Immediately  the  state  of  tension  of  the 
electricity  on  p  appears  reliered,  and  the  escape  of 
electricity  froiu  its  edges  ceases ;  in  feet  the  -t-  ^  on 
the  outer  Burface  of  fi  naa  been  driven  away  into  the 
ground,  and  ^E  has  entered  in  its  place;  this  —E 
draws  the  +  E  on  p  more  towards  tJie  surface  of  the 
glass,  and  enables  more  -i-E^to  enter  it  from  the  machine ;  and  this  action  will  go  on 
till  a  particle  of  +  E  about  t4j  enter  p  is  as  much  repelled  by  the  +  E  which  has 
already  entered  p,  as  it  is  attracted  by  the  -  ^  on  the  opposite  coating  n,  and  re- 
pelled by  the  +  £  in  the  conductor  of  t'no  machine.  Daring  all  this  time^  the  coating 
p  remiiins  lictive  towards  external  bodies,  giving  sparks  when  touched,  and  eansing 
the  ball  a  to  stand  out,  while  w  remains  neutral  to  external  bodies,  although  it 
contains  a  large  excess  of  —  E.  Thia  must  indeed  be  the  case^ ;  for  so  long  us  n  remaina 
unijii}Ulat«d^  +  E  will  flow  out  of  it,  till  a  particle  on  the  outer  surface  is  as  mut^h 
attracted  by  the  —  i?  on  the  rest  of  the  coatinp;  «,  as  it  is  repelled  by  the  -t-  A*  on  p. 
Further,  it  is  evident  that  to  produce  this  eouilibriunv  on  n,  the  quantity  of  -r  E  onp 
must  be  abeoltitely  greater  than  that  of  the  —  JE^  on  n,  beeimfl«  the  former  acts  at 
a  greater  distance  on  any  particle  of  electricity  in  «.  But  from  this  it  also  follows 
that  the  coating  p  must  contain  free  +  E  ;  bocaixse  the  —A'  on  «,  ]mng  smaller 
in  quantity  thaa  the  +£  on  p,  and  like^i^se  acting  at  a  greater  distance,   cannot 
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nentrnliBe  the  whole  of  it.  Hence  on  removing  the  apparatoj  from  the  machine,  and 
disconnecting  n  with  the  earth,  p  appears  active,  givine  sparks  and  repelling  the  ball 
a,  while  n  is  neutral  and  the  ball  b  hangs  verticafij.  Now  touch  p  with  the  finger  or 
any  other  uninsiUated  conductor ;  immediately  p  becomes  neutral,  for  the  same  reason 
that  n  was  neutral  before,  that  is  to  say,  +Eia  driven  out  of  it,  till  the  action  of 
the  -I-  E  still  remaining  on  it  is  neutralised  by  the  -^E  on  n.  Then,  as  before,  it 
follows  that  the  quantity  of  this  —Emxiat  now  be  greater  than  that  of  the  +£^on 
p;  consequently,  a  portion  of  the  ->J?  on  n  will  be  free,  the  pith-ball  b  will  stand 
out,  and  the  coating  n  will  give  a  spark  to  any  conductor  which  approaches  it.  In 
this  way,  each  coating  may  be  alternately  rendered  neutral  and  active,  a  certain 
portion  of  +E  being  each  time  taken  from  the  one,  and  -^E  from  the  other,  till 
both  are  restored  to  their  natural  state. 

The  accumulating  power  of  the  coated  plate  may  be  approximately  estimated  as 
follows : 

Let  the  quantity  of  +E  which  the  coating  p  can  take  up,  when  n  is  insulated,  be 
denoted  by  1 ;  and  suppose  the  thickness  of  the  plate  to  be  such  that  this  quantity  1 
on  p  can  neutralise  on  n  a  quantity  of  —J?  denoted  by  /u,  a  fraction  less  than  1. 
Then  /i  on  n  will  neutralise  ft'  on  « ;  this  will  neutralise  ft*  on  w,  and  so  on.  Conse- 
quentiy,  the  total  quantity  of  -^E  accumulated  on  p  when  n  is  uninsulated  and  the 
plate  is  fully  charged,  will  be : 

1  +  iw«  +  /It*  +  fi«  +  &c.  -  ^; 

and  the  quantity  of  »£  accumulated  at  the  same  time  on  n  will  be : 


ft  +  /^  +  ft*  +  ^»  +  &c.  = 


l-M** 


I^  for  example,  ft  ■»  r^,  the  quantity  of  +E  accumulated  on  p  will  be  -— -  «  5-- 
and  that  of  ~  ^  on  n  will  be  ^   »  4  --  ;  that  is  to  say,  the  plate  with  one  coating  un- 
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insulated  can  take  up  rather  more  than  5  times  as  much  electricity  as  when  both  sides 
are  uninsulated. 

The  quantities  of  -k-E  removed  by  alternately  touching  the  two  coatings  are,  from 
the  positive  coating,  1,  fi*,  fi\  fi*,  &&,  and  from  tiie  negative  coating,  /u,  ft*,  fi\  &c. 

jft  instead  of  touching  the  coatings  alternately,  a  direct  communication  be  made 
between  them  by  touching  the  neutral  coating  with  a  wire 
and  bending  it  round  till  it  comes  within  a  short  distance  of 
the  active  coating,  a  sudden  disohaige  takes  place,  accom- 
panied by  a  bright  flash  and  a  loud  snap,  the  large  quantities 
of  the  opposite  electricities  accumulated  on  the  two  coatings 
recombining  at  once  through  the  conducting  wire.  The  d^- 
charge  thus  effected  is  not,  however,  quite  complete ;  a  small 
quantity  of  electricity  always  remains,  and  may  oe  discharged 
by  again  connecting  the  coatings  after  a  short  time.  This 
residual  charge  is  due,  partfy  to  the  penetration  of  the 
opposite  electricities  within  the  substance  of  the  glass,  parUy 
to  their  extension  beyond  the  edge  of  the  coatings. 

When  the  communication  is  made  by  touching  the  two 
coatings  with  the  hands,  the  peculiar  convulsive  sensation 
called  the  electric  shock,  is  experienced  in  the  arms  and  chest. 

The  quantity  of  electricity  which  may  be  accumulated 
on  a  coated  plate  of  glass  or  other  insulator  increases  directly 
with  the  extent  of  coated  surface.  With  a  given  extent  of 
surface,  it  is  also  greater  as  the  glass  is  thinner :  for,  as  the  ac- 
cumulation depends  upon  the  mutual  attraction  of  the  opposite 
electricities  on  the  two  surfaces,  it  will  be  greater  as  the 
distance  between  them  is  less.  The  thickness  cannot  how- 
ever be  diminished  beyond  a   certain  limit,   as  the   two 

electricities  would  then  recombine  through  the  substance  of  the  glass  and  cause  a 
fimeture. 

The  charging  of  a  coated  insulator  takes  place  in  the  same  way,  whatever  may 
be  its  shape.  The  most  convenient  form  is  that  of  a  glass  jar  (fy.  381)  coated 
with  tin-foil  inside  and  out  to  within  a  few  inches  of  its  lip,  and  fitted  with 
a  wooden  lid,  through  which  there  passes  a  brass  rod,  terminated  above  by  a 
knob  and  below  by  a  chain  reachingto  the  bottom.    The  jar  is  charged  \jj  holding 
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Its  knob  to  the  eoDdnctor  of  tho  mAchuie.  If  it  be  insulAtedf  sparks  maj  be 
tAkeo  from  Ibe  ooter  coating  all  the  time  that  the  chiLt*gi]ig  ia  gt^ing  on.  In  tJiis 
way  two  jars  may  be  cbacged  at  once  \  but,  from  the  prr^eeding  explanation,  it  m 
CTidi'tit  that  the  chai^ge  of  the  second  jtur  will  not  he  so  iitrnng  as  that  of  the  flr^t. 

When   a  very  large  extent  of  coated  surface  is  required,  a  uumliier  of  jars  are 
eonnect<Hl  together  by  placLng  them  in  a  tray  lined  with  tia-fuiJ  and  Ruining  theic  ^ 
knobe  bj  bruaa  rods;  they  then  act  as  one  jar.     The   arrangement  is  called 
EUvtrical  Battery, 

Unit-jar, — Thifl  i*  a  Tery  useful  con tri ranee,  invented  by  Mr,  Harris,  of  PJymontl 
for  measuring  th<5  quantity  of  electricity  oonunimieated  to  a  large  jar  or  battt^ry.  I 
couHi«t«  of  a  flimvU  Loydi'i)  jar,  A  (Jiff,  382)»  supported  in  an  inyertod  position  on  the" 
insulating  atem,  if.  The  inner  coating  of  this  jar  is  connected  b^  the  wire  a  t/Mrith 
the  positiTe  conductor  of  nn  electrical  machine,  and  its  outer  coating  is  connected  by 
tlw  wire  A  with  the  inside  coating  of  the  jar  or  battery  to  be  charged. 
Fiff.  382.  To  the  out^r  coating  of  A  there  is  also  attachetl  a  wire  ae,  termiDating 
.  in  the  brass  knob  c^  at  a  abort  distance  from  a.  On  working  the  madiiQ%j 

+  E  is  communicated  to   the  inside  of  the   unit-jar  A,  and  a  certain' 
quantity  of  +  E  la  thereby  driven  from  tho  outer  coating  through  the 
wire  f}  into  the  jar  or  battery  to  be  diarged.     As  soon,  however,  as  the 
charge  of  the  unit-iar,  has  reached  a  certain  degree  of  intensity,  a  dis- 
chai^  takes  place  by  a  spark,  between  the  knobs  a,  c,  tbia  discharge 
merely  neutralising  the  duirge  of  the  unit-jar.  without  afiecting  that  of 
the  large  jar  or  battery  ;  on  con  tinning  to  work  the  machine,  more    h  ^ 
is  driTpa  from  the  outside  of  A  into  the  large  jar,  and,  after  awhile,  1 
small  jar  is  again  discharged  bj  a  spark  at  a  e.     Now,  as  the  distance  < 
tho  knulis  a  e  remain  si  coitjitiint,  it  m  de^ir  tliiit  each  dischai^  indicat 
an  equal  charge  of  the  nnit-jnr,  and  conflt»quently  the  tnnsference  of  a 
equal  ouantity  of  +  £  from  the  outside  of  this  jar  to  the  inside  of  thAi 
larger  jar  or  buttery.     Henco  tho  number  of  spaiics  passing  between  th»l 
knobs  a,  c  serres  as  a  measuro  of  the  quantity  of  eleetiicity  ftocmnulated  in  f 
the  large  jar  or  battery* 

THB   ElSOTBIC  BlSCHABOB. 

Tlie  recombination  of  tho  opposite  electricities  which  eoMtitntea  dia- 
ebarge,  may,  as  lilready  observed,  be  either  continnons  or  sudden,— 
coniinnous,  or  in  the  form  of  a  cur  pen  t,  when  two  sources  of  the  opposite 
electricities  are  connected  by  a  good  conducting  chain, — as  when  the 
two  conductors  of  a  cylinder  machine  (p.  37&)  are  joined  1^  a  metallic 
chain  or  wire  ;^8udden,  when  the  opposite  «:'tectricitie8  are  allowed  to  accumalate  on 
the  surfaces  of  two  ctrntignous  conductors  till  their  mutual  attraction  becomes  strong 
enough  to  pTcrmme  the  intervening  resiBtanees,  whst^jvep  they  may  be.  It  is  scarcely 
necessary  to  olj^rve  that  the  difference  here  mentioned  is  one,  not  of  kind,  but  of 
d**gree  *  there  is  no  such  thing  us  an  absolute  Dou-condaetor»  and  the  Tery  be«t  con- 
ductors, viz.  the  metals,  offer  an  nppreciable  and  measurable  resistance  to  the  passaire 
of  the  electric  lluid  j  still  the  difference  at  the  two  eactremoa  of  the  scale  is  suffidently 
great  to  give  rise  to  a  wide  range  of  phenomena. 


Discharge  through  Air  and  other  Gasu  :  tki  EU^Hc  Light, 

When  two  oppositely  charged  conductora  are  brought  within  a  certain  distance  of 
one  another  in  a  gaseous  medium,  discharge  takes  place  between  them  in  the  well- 
known  form  of  tho  electric  spark.  The  fonn,  dimensions,  brightness,  and  colour  of  the 
Bpark,  Tury  eonsidpnibly  according  to  the  aiae  and  shnfK?  of  the  conductors,  and  the  natuie 
and  physical  stiite  of  tlie  surrounding  medium.  When  the  surfaees  are  well  rounded,  as 
those  of  spheres,  or  tlie  ends  of  cylinders  of  considerable  diameter,  and  the  distance 
bt^tween  tliem  not  very  great,  the  sparks  are  nearly  continuous,  straight,  and  attendiMl 
^nth  a  loud  snapping  noise ;  on  increasiog  the  <listaiice,  they  pass  at  longer  interrals, 
and  With  a  louder  noise,  because  the  oppiosite  electricities  have  to  be  brought  to  a 
higher  state  of  tension  before  they  can  overcome  the  resistance  of  the  interrening  air, 
and  conaoquently  a  greater  cjuantjt^  of  electricity  passes  in  a  single  spariL  At  a  still 
longer  intervid,  if  the  much  me  is  in  good  action,  the  sparks  become  forked,  as  if  the 
electricity  were  seeking  out  the  easiest  passage  through  the  air,  and  taking  advantage 
of  any  conducting  matter,  such  as  particles  of  dust,  Sat  mapr  be  floating  in  it;  at  tho 
same  time  the  spark  becomoN  leas  bright^  and  is  attended  with  a  duller  snap  and  more 
or  less  of  a  sputtering  m'm\  Between  smalltr  balls,  or  when  a  small  ball  is  pivsent«d 
towards  the  conductor  of  tho  machiuei  the  spurka  at  n  given  distaoco  ure  nioi«  oon- 
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trancms,  beeaiue  a  smaller  quantity  of  electricity  suffices  to  produce  the  requisite 
tension. 

When  a  brass  rod  terminating  in  a  ball  is  inserted  into  the  positive  conductor  of  a 
machine  in  good  action,  and  no  other  good  conductor  is  near,  the  electricity  is  often  dis- 
charged fix)m  it  in  the  form  of  a  brush  (Jig.  383),  consisting  of  a  short  straight  stem 
and  numerous  diverging  ramifications,  the  effect  being  greatly  assisted  by  any  slight 
rouffhness  on  the  surhice  of  the  ball,  or  by  holding  a  lai]ge  conducting  sur/ace,  such  aa 
thenand,  at  the  distance  of  a  few  inches  from  it  It  is  caused  by  the  discharge  of 
comparatively  small  quantities  of  electricity  at  very  short  intervals,  the  tension  at  one 
point  of  the  electrified  ball  being  brought  up  to  the  discharging  point,  while  there  is 
no  good  conductor  near  enough  to  receive  a  larger  quantity  of  the  accumulated  elec- 
tricity at  once.    The  electricity  then  escapes' 

into  the  air  in  visible  streams,  the  light  becom-  Fig.  383. 

ing  fainter  and  fainter  as  it  is  difi\ised  over  a  ., 

wider  qMce,  and  at  a  certain  distance  ceasing 
altogether.  A  large  conducting  surface  held 
within  a  certain  ^stance  of  the  ball  facilitates 
the  brush  discharge,  by  itself  assuming  the 
negative  state  of  charge,  and  thus  intenhifying 
the  positive  charge  on  the  ball  (p.  385). 

By  using  a  smaller  ball  or  a  thick  wire  with  '-v^;:>- 

a  rounded  end,  the  brush  becomes  more  con-  ''*^ 

tinuous,  but  smaller  and  less  luminous,  and  when  the  conductor  terminates  in  a  sharp 
pointi  the  brush  disappears  altogether,  and  is  replaced  by  a  quiet  and  coutinuous 
glow,  surrounding  the  point,  and  accompanied  by  a  stream  of  air  flowing  outwanls 
from  it  In  this  case,  in  consequence  of  the  intensity  of  the  charge  near  the 
end  of  the  wire,  the  surrounding  particles  of  air  are  quickly  brought  into  a  similar 
electrical  state,  and  are  repelled,  and  thus  carry  away  the  electricity  of  the  pointed 
conductor  so  rapidly,  that  only  a  small  quantity  of  it  escapes  in  visible  form.  The 
glow  may  be  changed  into  a  brush  by  anything  which  impedes  the  current  of  air,  as 
by  the  approach  of  the  hand  or  other  large  conducting  surface.  The  glow  is  of  a  more 
continuous  character  than  the  brush,  a  smaller  quantity  of  electricity  sufficing  to  keep 
the  end  of  a  pointed  wire  at  the  discharging  tension  than  when  the  conductor  has  a 
rounded  termination.  Hence  glow  may  be  changed  to  brush  by  chaining  the  conduc- 
tor at  intervals  instead  of  continuously ;  thus  a  pointed  wire  inserted  into  an  insulated 
conductor  placed  in  contact  with  the  conductor  of  an  electrical  machine,  will  exhibit 
glow  discharge ;  but  by  separating  the  two  conductors,  so  that  sparks  may  pass  from 
the  machine,  the  glow  is  changed  into  a  succession  of  brushes. 

The  character  of  the  brush  m  air  varies  greatly  according  as  the  body  from  which  it 
proceeds  is  electrified  positively  or  negatively.  The  negative  brush  (fig.  384)  is  in  (dl 
cases  much  smaller  ana  more  compressed  than  the  positive  brush,  never  exhibiting  the 
same  beautiful  ramifications  as  the  latter.  This  is  the  case  whether  the  negative 
brush  proceeds  from  a  small  knob  or  a  blunt-pointed  rod  inserted  into  the  negative 
conductor  of  the  machine,  or  from  a  similar  knob  or  wire  held  within  a  certain  dis- 
tance of  the  positive  conductor,  so  that  it  may  acquire  a  negative  charge  by  induction. 
When  the  two  brushes  are  produced  simultaneously,  by  holding  an  uninsulated  knob 
or  wire  near  another  wire  inserted  into  the  positive  conductor  of  the  machine,  the  dif- 
ference in  their  appearance  ii  very  conspicuous  {fig.  386). 

Fig.  384.  Fig.  385. 


a> 


The  cause  of  this  remarkable  diiTerenco  has  been  the  subject  of  much  discussion,  and 
is  perhaps  not  quite  satisfactorily  made  out ;  but  it  is  most  probably  related  to  the 
fact,  which  Faraday  has  demonstrated  by  numerous  experiments  {Fjrperi mental  Re- 
tearckes,  series  xii,  xiii.),  that  negative  electricity  discharges  into  air  at  a  somewhat 
lower  tension  than  {)Ositive  electricity,  so  that  a  negatively  electrified  knob  or  wiro 
projecting  into  the  air  is  sooner  brought  up  to  the  state  of  tension  at  which  discharge 
commences,  than  one  which  is  positively  electrified,  and  therefore  discliarges  the  elec- 
tricity at  shorter  intervals  and  m  smaller  quantities  at  once.  Faraday  has  ascertained 
that  a  rtmnded  metal  rod  projecting  into  the  air  and  electrified  negatively,  discharges 
aft  intffrals  Beren  or  eight  timee  shorter  than  when  it  is  chaiged  positively.    In 
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»eeofdjmce  with  tliis,  it  is  found  tliat  the  apprtiacli  of  the  hand,  or  other  Uirgfi  oon* 
ductor,  does  not  alter  the  character  of  the  negative  as  it  does  that  of  the  positive  bruoh, 
until  it  is  brought  iiear  enotigh  to  produce  a  spark. 

When  the  «ndof  the  electrified  conductoF  i§  reduced  to  a  point,  very  little  difierence 
can  be  perceived  between  the  positive  and  negative  discharge  from  it. 

Dark  Discharg*. — The  glow  discharge,  e^ipecially  on  a  negative  turface,  is  generally 
accompanied  by  a  darl  interral  through  whidi  the  elt^ctricity  appears  to  travel  withoosi 
being  visible,  Faraday  describes  an  experiment  in  which  two  hraas  rods  O'S  of  aaJ 
inch  in  diameter,  entering  a  glass  globe  on  opposite  aides,  had  their  ends  brought  iaj 
contact,  and  the  air  about  them  very  much  rarefied  A  discharge  of  eloctiicity  was  I 
then  made  through  them,  and  whilst  that  was  continued,  the  ends  were  separated  I 
one  from  the  other.  At  the  moment  of  separation^  a  continuous  glow  came  over  th»1 
negative  rod*  the  positive  termination  remaining  quite  dnrk.  As  the  distance  wbaI 
in  encased,  a  purple  stream  or  haze  appeared  on  the  end  of  the  positive  rod,  and  I 
proceeded  directly  outwards  to  the  nc^tive  rod,  elongating  as  the  interval  was  J 
enlarged,  but  neT«>r  joining  the  negative  glow,  there  being  always  an  interval  of  ^  to  1 
^  of  an  inch  between  them.    The  appeafance  is  shown  in  £lg>  386, 

Fig.  384. 


It  appears  then  that  air  can  discharge  electricity,  like  a  conductor,  without  luminosity.  ] 
In  many  cases,  the  effect  is  doubtless  to  be  attributed  to  the  current  of  air  which,  aa  j 
already  objierve^i,  invariably  accompanies  glow ;  in  other  cases,  however,  this  explana-  | 
tion  will  scarcely  suffice :  for  dark  intervals  are  often  seen  in  sparks,  espf^cially  ia  \ 
coal'gas,  tn  which  qbb^  the  dischai^  is  too  rapid  to  admit  of  the  formation  of  a  current  I 
of  air.  In  such  cases,  the  dark  intervals  prooably  consist  of  portions  of  air  jx»ssessed  1 
of  greater  conducting  power  than  the  rest,  perhaps  from  the  presence  of  partielfs  of  1 
dtiBt  — or  in  coal-gas,  m  which  they  are  peculiarly  oonspicnoup,  from  the  presence  of  j 
minute  particles  of  solid  hydrocarbons  floating  in  the  gas.  The  phenomenon  miiy  bo 
compAnd  to  that  which  is  seen  in  the  ignition  of  a  wiinj  compos<?d  of  alternations  of  j 
silver  and  platinum  by  the  voltaic  currcQt^  the  silver,  which  conducts  better  than  the 
platinum,  appearing  \vs^  luminous. 

Discharge  in  Rare/ied  Air. — When  the  air  between  two  oppositely  charged  bodies  ii 
rarefied,  the  number  of  particles  which  oppose  the  union  of  the  opposite  electricitiea  is 
diminished,  and  consequently  a  lower  intenaitr  of  charge  will  be  sufficient  to  induce'  i 
their  combination.     Heuee  yriih  a  given  charging  power,  the  spark  will  strike  through^l 
lon^  distances.     The  most  convenient  apparatus  for  showing  this  effect  is  an  ordinaxT' J 
^hndrical  receiver  standing  on  the  pi  ale  of  an  air  pump,  and  dosed  at  the  top  with  a.f 
brass  cap  and  stuffing  box,  through  which  there  passes  a  brass  rod,  terminattng,  within:  | 
the  receiver,  in  a  ball,  or  point,  or  any  oth»^r  ae«iired  form.     By  connecting  this  rod  [ 
with  the  conductor  of  the  machinCr  and  working  the  pump,  the  increased  facility  of 
discharge  as  the  rarefaction  proceeds  is  strikingly  exhibited.     When  the  exhaustion  , 
has  been  carried  to  a  considerable  extent,  the  whole  of  the  receiver  appears  filled  with  J 
beautiful  streams  of  violet  or  rose-coloured  light,  which  paas  with  little  or  no  noise.      J 

The  conditions  which  dettrmine  the  occurrence  of  brush  and  glow  in  highly  rareiedj 
fdr  are  much  the  siime  as  in  air  of  ordinary  density.     When  the  eliding  wire  is  placed  J 
in  complete  metallic  communication  with  the  conductor  of  the  machine,  so  thatthi'l 
supply  of  electricity  is  very  regular,  tho  boll  at  the  lower  end  of  the  wire  generally 
becomes  covered  with  a  qaiet  glow,  the  groat* r  port  of  the  receiver  remaining  dark, 
and  ouly  a  few  slight  coruscations  appeiiring  here  and  there  on  the  plate  of  the  air 
pump  ;  but  by  allowing  sparks  to  pass  from  the  machine,  the  discharge  in  the  receiver 
immediately  takes  tho  forms  of  splendid  streams  and  brushes.     Harefaction  of  the  air 
seems  to  deTclope  the  negative  brush  in  a  greater  de^e  comparatiTely,  than  the 
positive  brush-     According  to  Faraday,  extensive  ramifications  are  easily  obtain wl 
from  a  ball  or  rounded  termination  electrified  negatively,  to  the  plate  of  the  air  pumpw 
The  ^low  is  also  very  easily  produced  on  a  negative  brdl  in  rarefied  air» 

It  is  of  course  injpossible  to  say  what  would  take  place  in  a  perfect  vacuum,  whethcf 
in  fact  the  discharge  would  take  the  form  of  a  continued  stream,  or  be  stopped  alt<H^ 
gether;  the  former  supposition  is  perhaps  tho  more  probable;  but  in  an  atino«iphers  (^ 
extreme  tenuity,    such  as  the  Torricellian  vacuum,  in  which,  however,    vapour 
mercury  is  present,  or  the  vacuum  producetl  by  filling  a  tube  with  carlxmic  acid  gi 
exhauBting  as  much  as  possible  with  the  air-pump,  and  absorbing  the  reraaindt»r  1 
solid  potash,  very  remarkable  effects  are  olnserved.     The  discharge,  whether  from  thai 
conductor  of  on  electrical  machine,  or  from  a  Lojden  jar  discharged  through  a  wet' 
string,  or  from  a  voltaic  battery,  or  fi'om  an  induction  coil,  generally  exhibits  remark* 
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able  stzatificatioDfl,  that  is,  alternations  of  light  and  dark  bands,  extending  firom  one 
terminal  conductor  to  the  other.  These  stratifications,  which  have  probably  some 
analogy  to  the  light  and  dark  bands  observed  by  Faraday  in  the  spark,  and  other 
Ibrms  of  discharge,  are  seen  only  when  the  rarefaction  is  carried  to  a  very  high  degree 
— but,  on  the  other  hand,  they  disappear  when  the  yacuum  is  nearly  perfect,  the 
discharge  then  appearing  continuous  throughout  the  tube.  In  the  Torricelhan  vacuum, 
when  not  very  complete,  the  discharge  is  sometimes  intensely  white,  filling  the  entire 
tube,  without  stratification.  These  curious  and  brilliant  phenomena  have  been  studied 
in  great  detail  by  M.  Gkusiot,  and  are  described  in  a  series  of  papejrs  published  in 
the  Transactions  and  Proceedings  of  the  Eoyal  Society  (PhiL  Trans.  1858,  1859; 
Proc.  Roy.  Soc.  x  146,  601 ;  xi.  36,  269,  274,  393,  432).  We  shall  return  to  them  in 
speaking  of  the  light  produced  by  the  voltaic  battery  and  the  induction  ooiL 

Discharge  in  different  Craset, — ^Different  gases,  at  the  same  pressure  and  temperature, 
possets   different  powers 

4>i  insulation.      Faraday  Fig.  887. 

has  obtained  approximate 
measures  of  these  differ- 
eocefl,  by  means  of  the 
uyparatus  represented  in 
/^,  887.  8,  L  are  two 
brass  balls,  the  distance 
between  which  can  be 
Taried  at  pleasure,  and  s, 
I  two  other  balls  of  nearly 
the  same  diameters  as  S 
and  I^  but  placed  at  the 
fixed  distance  of  0*62 
inch,  and  enclosed  in  a 
receiver  which  can  be  ex- 
hausted and  filled  with 
any  required  gas.  The 
balls  tf,  8  are  connected 
by  wires  with  the  insu- 
.  Ifted  conductor  n,  which 
can  itself  be  connected  at 
pleasure,  either  with  the 
positire  or  with  the  ne- 
gative conductor  of  an 
electrical  machine,  and 
the  large  balls  I,  L  are 
connected  with  the  earth. 
It  is  dear  that,  with  air 
in  the  receiver,  the  dis- 
charge may  be  made  to 
pass  in  sparks  either  at  t;  or  at  t<,  by  increasing  or  diminishing  the  distance  between 
the  balls  8,  L ;  and  by  filling  the  receiver  with  different  gases,  and  regulating  the 
distance  between  these  balls,  so  as  to  cause  all  the  sparks  to  pass  at  v,  the  relative 
insulating  power  of  the  gases  may  be  measured.  It  was  found,  however,  that  the 
interval  u  might  be  altered  within  certain  limits,  and  yet  sparks  pass  either  there  or  at  v. 
The  extremes  were  therefore  noted,  viz.  the  greatest  distance  short  of  that  at  which 
the  discharge  always  took  place  at  v  in  the  pas,  and  the  least  distance  short  of  that  at 
which  it  alwat/f  took  place  at  u  in  the  air.  The  intervals  were  also  found  to  be 
different  according  as  the  small  balls  s  and  S  were  made  positive  or  negative.  The 
following  table  gires  the  mean  results : 

«  and  S  i  and  S 

positire.  negative. 

Hydrochloric  add  gas       ....     1'106  0*720 

defiant  gas 0-760  0730 

Air 0-696  0636 

Carbonic  anhydride          ....    0-640  0-690 

Nitrogen 0*615  0*646 

Oxygen 0-606  0-510 

Coal-gas 0*490  0*626 

Hydrogen 0370  0-276 

These  numbers  show  that^  with  a  positive  charge  on  the  small  balls,  and  with  the 
■une  aorfiMes,  and  under  the  same  drcumstancee  of  presBuio  and  temperstme^  hydro* 
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chloric  add  gas  haa  three  times  the  insukting  or  reatndning  jaower  of  hydrogen  g^fl^ 
and  nearly  twice  that  of  oxygen^  nitrogen,  or  common  air.  The  differences  are  not 
due  to  specific  grarity;  for  though  hydrogen  iu  the  lowest  of  all,  osygen  is  mu<?h 
lower  than  nitrogen,  and  also  lower  than  olefiant  gas  ;  and  carbonic  anhydride,  though 
much  heavier  than  olefijant  gas  or  hydrochloric  acid,  is  lower  than  either.  The  differ- 
ence of  insulatuig  power  in  the  gases  appears,  therefore,  to  be  a  specific  electric  quitiity, 
or  relation  (see  page  400). 

The  negative  numbers  in  tine  preceding  t^ble  do  not  follow  the  same  order  as  the 
positive  niimbers.  In  air,  hydrogt*n,  carboak  imhjdride^  olefiant  gas,  aJid  hydrochlorie 
acid,  the  tension  rose  higher  when  the  smaller  ball  was  made  poeitiTie  tban  when  it 
was  negative^  whilst  in  oxygen,  nitrogen,  and  eoal-gus,  the  reverse  was  the  case.  When 
the  conductor  n  was  connected  only  with  the  receiver  containLug  hydrochloric  acid  gas^ 
the  discharge  was  found  to  be  easier  when  the  small  ball  «  was  negative,  than  when  { 
was  positive  ;  in  the  latter  case,  much  of  the  electricity  was  given  off  oa  brush  disdiai 
from  tlio  connecting  wire,  whereas  in  the  former  it  aE  passed  through  the  hydrochlon 
acid  gas. 

The  colour  and  appearance  of  tlie  epark  and  brush  vary  considerably  according  tol 
the  nature  of  the  gas.— In  air,  the  sparks  exhibit  the  well-known  bright  light  an4| 
Tiolet-blue  colour*  and  often  have  faint  or  dark  parts  in  their  course,  when  the  quan titj^j 
of  electricity  passing  is  not  great— In  nitrogen,  the  sparks  are  ve«y  beautiful,  bavingf 
the  same  general  appearance  as  in  air,  hut  more  colour  of  a  bloish  or  purple  charact«r«1 
— In  oxy<)ff«,  they  are  whiter  than  in  air  or  nitrogen,  and  somewhat  less  brilliiint — Inl 
hydrog*m^  they  have  a  rery  fine  crimson  colour,  wlilcb,  however,  disappears  as  tlic  at* I 
mospbere  la  rarefied ;  the  spark  in  this  gas  produces  very  little  sound.— In  earbonisX 
anhydride  the  colour  of  the  spark  is  similar  to  that  in  air^  but  with  a  slight  green  tin(:f 
the  sparks  are,  under  similar  cLrtzumstances,  of  strength  of  charge,  form  of  ooiiductor%1 
&c.,  longer  and  more  regular  in  form  than  in  air ;  altogether  this  gas  afibrda  peculiar 
far  ill  ty  to  the  spitrk  discbarge. — In  hydrochloric  acid  gas^  the  spark  is  white,  and  ex*' 
hi  bits  no  dark  spacea, — In  ecfoi-gaSt  the  spark  is  sometimes  green,  Bometimes  red*  some«| 
times  partljr  green  and  partly  red ;  bkcx  parts  also  occur  suddenly  in  the  line  of  tho  I 
spiirk,  that  ia  to  say,  they  arc  not  connected  by  any  dull  part  with  bright  portions,  but  J 
the  two  Hcem  to  join  directly  one  with  the  other.  1 

The  ap^iearances  of  the  brush  in  air  have  been  already  described. — Nitrogm  givegl 
brushes  with  great  facility  from  positive  surfaces ;  they  are  always  fine  in  form,  lights  I 
and  colour,  and  in  rarefied  nitrogen  are  magnificent  t  they  surpass  the  discharges  in  I 
any  other  gas,  as  to  the  quanlity  of  light  evolved.     Tho  difference  between  the  positin  J 
and  negative  brushes  in  nitrogen  is  greater  even  than  in  air. — In  OJ:yg^  the  poaitivo  1 
bmiih  IS  compntitsed  and  poor,  while  the  negative  brush  is  not  naucn  less  developedJ 
than   in  air ;  indeed,  the  two  are  so  alike  that  it  is  often  jflifficult  to  distinguijsh  one  ] 
from  the  other,  and  this  simihirity  continues  even  when  the  oxygon  is  gradually  rarefied,  [ 
— In  h^drognt,  the  positive  brush  is  more  developed  than  in  oxygen,  but  not  so  fiii« 
us  in  nitrogen  ;  in  rarefied  hydrogen,  the  ramifications  are  very  tine  in  form,  but  pal* 
in  colour ;  in  the  rarest  state  of  the  gas  the^  have  a  pale  grey-green  tint ;  the  negative 
brush  is  much   the  same  in  hydrogen   as  in  air* — In  carlfonic  anh^dridr^  ui  common, 
pressures,  the  positive  brush  is  very  poor  as  to  ttize,  light,  and  colour ;  in  Uie  rorefiod  1 
gas,  it  is  better  in  form,  but  weak  as  to  light,  and  has  a  dull  greenish  or  purplieh  huo;  I 
altogether  the  positive  brush  in  this  gas  is  not  much  superior  to  the  negative  brush*—*  j 
In  h^drochltfrtc  acid  gas,  the  brush  is  very  difficult  to  produce  at  common  pressure^  I 
even  with  the  interrupted  Hpork-currcnt  (p.  38ti^).     In  the  rarefied  gas,  the  brush  it  J 
more  easily  formed,  but  is  generally  of  a  low  squat  form,  poor  in  lights  and  very  idmilaf  1 
on  the  positive  and  negative  surfaces.     In  the  liigtdy  rarefied  gasi,  a  feiv  liii^d  runiifi- 
raiions  are  obtained  from  the  positive  surface,  but  of  a  pule  bluish  colour,  utterly  unlike 
those  of  nitro;^en, — In  coai-gas,  the  bnisiies  are  difficult  to  produce^  as  compared  with  1 
nitrogen,  and  the  positive  not  much  superior  to  tlie  negative  in  character,  cither  at  commoa  j 
or  at  low  presuures-     At  common  pressures,  they  are  short  and  strong,  generally  of  • 
greenish  colour,  and  possessing  much  of  the  ppark  character.  I 

On  the  whole  then  it  appears  that  the  character  of  the  brush  is  essentially  connected  1 
with  the  nature  of  the  g^in  through  whie*li  it  passes  ;  that  the  positive  brush  alwaytl 
shows  a  certain  degree  of  superiority  to  the  negative  brush  ;  but  it  is  only  in  mtix}gei],;.| 
hydrogen,  and  common  air  thut  the  difierence  is  great,  while  in  oxygen  it  almosll 
vanishes,  1 

Glow-di^haf^e  occurs  in  all  the  gasra  above  mentioned  under  circumstances  similar  I 
to  those  already  described  (p.  389) ;  it  is  always  accompanied  by  a  wind  proceeding  I 
either  to  or  from  the  glowing  part,  and  if  the  accede  of  air  is  interfered  with,  the  glowi 
disappears.  ' 

J>ark  discharge  has  likewise  been  observed  in  all  the  gaaea  examined,  moat  easily  ill 
hydrochloric  acid,  and  in  coal  gas  (p.  390).    In  the  latter,  the  ditdiizgo  between  balli 
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sbout  an  inch  apart  was  accompanied  by  short  brashes  on  the  ends,  and  a  dark  interval 
of  about  half  an  inch  between  them,  notwithstanding  that  the  discharge  had  the  quick 
sound  of  a  dull  spark,  so  that  its  dark  portions  could  not  have  depended  on  convec- 
tion, that  is  to  saj,  on  the  formation  of  a  stream  of  gaseous  particles. 

Luminous  Discharge  in  Liquids  and  Solids. — Sparks  may  be  obtained  in  insulating 
liquids  and  solids,  as  in  oil  of  turpentine,  olive  oil,  resin,  glass,  &c^  their  passage 
being  generally  attended  with  more  or  less  disruption  of  the  particles  of  the  body ; 
also  in  imperfect  conductors,  such  as  water,  spermaceti,  &c.  Bmshes  may  be  obtained 
'  in  oil  of  turpentine,  by  passing  sparks  from  the  machine  to  a  wire  going  through  a  glass 
tube  into  the  liquid  contained  in  a  metallic  vessel ;  they  are  small,  and  so  feebly  lumi- 
nous as  to  be  visible  only  in  a  dark  room,  and  exhibit  simple,  veir  divergent  ramifl- 
eations.  The  presence  of  a  few  solid  particles,  as  of  dust  or  silk  in  the  liquid  greatly 
ladlitatee  the  production  of  the  brash.     (Faraday.) 

Duration  of  the  Electric  Liaht. — ^Wheatstone  has  examined  the  duration  of  the  elec- 
tric spark  bv  means  of  a  revolving  mirror.  The  principle  of  the  method  is  this :  when 
a  steady  light,  such  as  the  flame  of  a  candle,  is  viewed  in  a  fixed  mirror,  its  image  ap- 
peairs  in  one  constant  direction ;  but  if  the  plane  of  the  mirror  be  moved  through  a 
eertain  angle,  the  image  changes  its  position,  and  if  the  mirror  be  made  to  rotate  very 
rapidly,  the  image  will  appear  drawn  out  into  a  long  line  of  light,  because,  in  the  suc- 
cessive positions  through  which  it  passes,  it  remains  for  a  certain  time  on  the  i^tina, 
and  consequently  the  luminous  impression  of  the  image  in  its  former  positions  is 
seen  at  the  same  time  that  it  has  advanced  to  a  new  one.  If  then  the  electric  spark 
has  any  perceptible  duration,  it  must  also  appear  elongated  when  viewed  in  a  mirror 
rotating  with  a  certain  velocity.  In  Wheatstone's  experiments,  the  mirror  was  rotated 
at  a  rate  which  would  have  produced  an  elongation  of  half  a  degree  in  the  image  of  the 
spark,  if  its  duration  were  equal  to  j^^  of  a  second.  No  elongation  or  distortion  was, 
however,  perceived  in  the  image  of  the  spark  from  the  conductor  of  an  electrical  ma- 
chine, or  from  a  Leyden  jar  discharged  ill  the  ordinary  way,  or  of  the  stream  of 
light  in  an  exhausted  tube  6  feet  long ;  they  all  appeared  in  the  rotating  mirror  just 
the  same  as  when  it  was  at  rest  Under  these  circumstances,  therefore,  the  duration 
of  the  electric  spark  is  less  than  if^K^  of  a  second.  When,  however,  the  discharge  is 
made  through  a  very  lone  wire,  say  naif  a  mile  long,  or  through  a  bad  conductor,  the 
image  of  the  spark  in  the  revolving  mirror  does  appear  elongated,  showing  that  the 
discbarge  is  then  not  momentary  but  ^raduaL 

When  a  rapidly  revolving  wheel  is  viewed  by  ordinary  lights  its  spokes  can  no  longer 
be  distinguished ;  but  when  it  is  viewed  by  the  electric  spark  in  a  dark  room,  the  spokes 
are  distinctly  seen ;  in  fact,  the  wheel  appears  at  rest.  This  likewise  shows  the  mo- 
mentanr  character  of  the  ordinary  spark.  In  like  manner,  a  rapidly  rotating  disc 
painted  with  the  colours  of  the  spectrum,  which  appears  white  by  dayUght  or  candle- 
ught,  exhibits  the  separate  colours  when  viewed  by  the  electric  spark. 

Velocity  of  the  Electric  Discharge, 

Wheatstone  has  applied  his  revolving  mirror  to  determine  the  rate  at  which  elec- 
tricity travels  through  conductors.  For  this  purpose,  six  copper  balls  are  fixed  on  a 
drcular  board,  called  the  spark'board  (Jig,  388),  and  connectea  in  such  a  manner  as  to 

E've  three  sparks  with  one  discharge  of  a 
Bydcn  jar.    The  wire  1,  connects  on^  of  Fig,  888. 

these  balls  with  the  inside  of  the  jar ;  firom 
this  ball  the  discharge  passes  in  the  form 
of  sparks  to  the  one  on  the  left,^  and 
thence  through  the  wire  2,  which  is  joined 
to  3  by  a  thin  wire  j-  of  a  mile  long,  to  the 
third  ball ;  thence,  by  a  spark,  to  the  fourth 
ball,  fipom  which  it  is  conveyed  by  the 
wires  4  and  5,  also  connected  by  a  thin 
wire  I  of  a  mile  long,  to  the  fifth  ball,  and 
thence  by  a  spark  to  the  sixth  ball,  which 
is  connected  by  the  wire  6,  with  the  out- 
side coating  of  the  jar.  The  intervals 
through  which  the  sparks  pass  are  0*1  inch 
wide. 

The  spark-board  is  fixed  vertically,  at  a  distance  of  10  feet  from  the  revolving  mirror, 
and  BO  tnat  the  six  balls  shall  be  in  a  horizontal  Hoe,  parallel  to  the  axis  of  rotation 
of  the  mirror,  and  at  the  same  height  as  that  axis.  The  observer  places  himself  so 
that  the  axis  of  rotation  is  directed  towards  him,  and  looks  vertically  down  upon  the 
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tnirrm*.    The  dit^chrirgiiig  iippAriittis  in  arrmigcd  so  that  ihe  sparks  m&y  appA&r  jmit  i 
the  mtrror  ia  indincHi  to  the  horiicon  at  un  angtd  af  45 \     (l?'or  the  dctailjs  of 
ATTAtigeineiit,  see  De  In  Kivo,  ii.  127,) 
I^  now,  the  minor  were  fixed  at  this  iDcHflatioHf  tho  three  ^fpvtka  would  be  neen  pto- 

jdcted  on  a  horizontal  pltitte^  thiu  *  ;  but  when  the  miiror  is  mflde  to  rcTolre  Tery 

rapidly,  tbcy  are  all  three  djmwn  out  into  lines ;    and,  moreorer,  the  middle  spark 
appears  pushed  aside   &oni  the  others,  the  relatiye  positioiui   of  the  three  eparks 

-  when  it  reTolret 


-  when  the  mirror  rerolr^  irom  right  to  left,  and 


being    - 

firom  left  to  right.     From  this  result  Wheatstone  deduces  the  following  eoodusioni" : — • 

1,  As  the  two  external  sparks  retain  their  relative  positioiisi,  while  the  mid^lle  ono 
lags  behind  them,  it  foUows  that  the  discharge  begins  simultanoouHly  at  the  two  ends 
of  the  circuit  iind  prooeeds  in  a  perceptible  time  to  the  middle 

2.  By  comparing  the  obserrea  retardation  of  the  middle  spark  with  the  yelooity  of 
rotation  of  the  mirror,  WlieutstoDe  calculates  that  electricity  trarels  throngb  a  metallia  i 
irircuit  at  the  rate  of  288,000  miles  in  a  second,  a  Telocity  greater  than  that  of  light  j 
(194,{)(>0  milets  per  second),  and  sufficient  to  make  the  circoit  of  the  earth  ten  times  i»  1 
a  second.  I 

Other  experimenters,  Loweve-r,  by  observing  the  time  which  the  electric  rTirreDtl 
takes  to  trarel  through  great  lengths  of  telegraph-wires,  hare  obt^iint^  results  differing] 
widely  &om  that  of  Wheatstone,  and  likewise  from  eac^  other,  as  the  foUowtng  tablttl 
will  show  ;— 


Obierven. 

NiiiiretifWlre. 

Wb  CO  tat  one 

Copper     .... 

288,000 

Fizeau  and  Gonnelle 

Copper  (French  telegraph) 

112,680 

Fizciiu  and  Gonnell© 

Irt>n                 do. 

62.600 

O'Mitchell 

Iron  (American  telegraph) 

28,o!>4 

Walker     ,         .         ,         . 

Do.                 do. 

18.780 

Gould        .... 

Do.                 do. 

15,007 

Astronomers  o^  Greenwich 

Copper  (London  and  F^lin- 
bnrjjh  telegraph)  . 

and  Eiiinbnrgh 

7,600 

Awtroooraers  of  Greenwich 

Copper  (tondon  and  Brus- 
sels tel^raph)      • 

and  Brossels  . 

2,700                 , 

Tb<»  Iti5t  residt  is  morr^  Ihan  a  hundred  times  less  than  that  obtained  by  Wheatstone, 

Tht  cause  of  these  large  discrepancicHi  has  been  point^^d  out  by  Faraday  (firperi- 
m^nt^il  Research'^,  vol  iii.  p.  608),  who  has  shown  that  when  a  t^degraph  wire  encased 
in  gutttt  percliii,  and  buried  in  earth  or  immersed  in  water,  is  connected  with  ono  pole 
of  a  ToltAic  liattery.  JJie  other  pole  communicating  with  the  ground,  the  whole  arrange- 
niont  becomc'S  chained  like  a  Lc-yden  jar,  the  wire  furming  the  inner  coating,  the 
gutta  p«-rcha  the  insulator,  and  the  earth  or  water  thr*  outer  coating.  The  luductitro 
action  thus  exerted  necessarily  lowers  the  in  tensity  of  the  charge  in  the  wire  (pp.  386, 
387)»  and  consequently  the  force  with  which  the  Kucce&ftion  of  charges  and  discharges 
constitnting  the  current  takes  place  along  the  wire.  Hence  the  current  is  retaided, 
the  atnottnt  of  retaliation  rarying  according  to  the  thickness  of  the  gutta  percha  coating, 
the  conductinp:  powt-r  of  the  wire»  and  of  the  medium  with  which  it  is  surroanded,  the 

S^rfectiou  of  the  insulation,  &c.  The  very  low  velocity  obtained  with  the  London  and 
ruB^els  wire  is  evidently  due  to  the  great  conducting  power  of  the  water  in  which  a 
conslderablo  portion  of  the  wire  is  immersed.  A  still  greater  retardation,  due  perhaps 
to  imperfect  insuktinn,  wa«,  however,  obseTTcd  by  Fanidaj,  in  the  subt*irraneou9  wire 
of  the  London  and  Manchester  line,  tlie  current  taking  two  seconds  to  travel  1600 
miles,  while,  witli  the  same  length  of  wire  in  air,  the  time  wab  almost  inappreciable. 
But  even  with  wires  nn^pended  in  air,  a  certain  amount  of  retardation  is  produced  by 
induction  towanla  neighljoimn^  conductors^  f  specially  if  the  wire  is  stretched  clofte  to 
tho  ground,  or  to  walla;  it  muftt,  however,  be  very  small  aa  compared  with  that  which 
takes  place  ia  a  subterraneons  or  subaqueous  wire  separated  fnim  the  Burrounding  con- 
ducting medium  by  an  ifisuJatijjg  coating  only  ^^  of  an  inch  thick.  In  WTieatatono's 
experimenti  the  long  connecting  wires  wepe>  bent  into  a  number  of  parallel  lengths  at 
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some  distance  from  each  other  and  from  the  ground ;  in  this  case  a  certain  amount  of 
retardation  may  haye  arisen  from  the  inductive  action  of  the  contiguous  portions  of  the 
wire  on  each  other ;  but  on  the  whole,  Wheatstone's  mode  of  experimenting  piobablj 
gives  the  nearest  approximation  to  the  rate  at  which  electricity  travels  along  a  copper 
wire  when  unimpeded  by  disturbing  causes  ;  but  the  experiments  with  the  telegraph 
wires  clearly  show  that  no  'absolute  rate  can  be  fixed,  the  actual  velocity  varying  with 
the  conducting  power  of  the  wire  or  other  channel  of  communication,  and  the  influence 
of  neighbouring  bodies. 

Mechanical  and  Thermic  Effects  of  the  Electric  Discharge. 

The  manner  in  which  electricity  travels  through  a  solid  body  depends  upon  the  rela- 
tion between  the  dimensions'  and  conducting  power  of  that  solid  and  the  quantity  and 
intensity  of  the  charge.  A  thick  mass  of  metal,  or  other  good  conductor,  will  convey 
any  charge  of  electricity,  even  that  of  a  thunder-cloud,  without  suffering  any  visible 
alteration;  but  when  the  charge  is  sent  through  thin  wires,  the  result  is  different. 
The  wire  then  becomes  heated,  showing  that  its  particles  are  thrown  into  a  state 
of  agitation,  the  degree  of  heat  developed  depending  upnon  the  relation  between  the 
quantity  and  intensity  of  the  charge  and  the  conducting  power  of  the  wire;  and 
when  the  charge  of  a  powerful 

battery  is  transmitted  through  Fig.  389. 

a  very  fine  wire  of  silver,  gold, 
copper,  zinc,  platinum,  &c.,  the 
metal  is  melted  and  disinte- 
grated, with  a  brilliant  flash 
of  light,  and  if  stretched  on 
paper,  its  particles  are  driven 
into  the  paper,  forming  an  in- 
delible stain. 

The  de^^e  of  heat  developed  ' 
in  metallic  wires  under  dif- 
ferent circumstances  by  the 
discharge  of  an  electrical  battery 
has  been  investigated  by  Eiess 
by  means  of  an  apparatus 
called  an  electrical  air  thcrmo- 
met*Tf  originally  invented  by 
Harris.  It  consists  of  a  glass 
globe  (Jiff.  389)  about  3  inches 
in  diameter,  having  two  lateral 
openings  closed  by  brass  caps, 
between  which  is  stretched  a 
thin  spiral  of  platinum  wire. 
A  cylindrical  glass  tube  about 
half  a  line  in  diameter,  sealed 
to  the  globe,  contains  a  column 
of  coloured  liquid,  and  serves 
as  the  stem  of  the  thermometer, 
of  which  the  globe  is  the  bulb.  When  an  electric  charge  is  sent  through  the  plati- 
num wire,  it  becomes  heated,  and  expands  the  air  in  the  globe;  the  column  of 
liquid  is  then  pushed  outwards,  and  the  expansion  indicated  by  a  scale  attached  to 
the  stem,  serves  as  a  measure  of  the  rise  of  temperature  product  in  the  wire  by  the 
discharge. 

The  diarge  ot  electricity  communicated  to  the  battery  is  measured  by  a  unit  jar. 
By  this  mode  of  observation,  Riess  has  established  the  following  laws :  — 

1.  I%e  heating  of  the  wire  is  directly  proportional  to  the  square  of  the  qtuintity  of 
electricity^  and  inversely  proportional  to  thr.  coated  surface  over  which  it  is  diffused  (or 
directly  proportional  to  the  intensity)  ;  or  if  A  be  the  rise  of  temperature  measured  by  the 
expansion  of  the  air  in  the  thermometer,  q  the  quantity  of  electricity,  and  s  the  extent 
of  coated  surface, 

s 

n  being  a  constant  depending  on  the  ihickness  and  length  of  the  platinum  wire  and 
the  reet  of  the  conducting  circuit.  This  law  may  be  illustrated  by  f\\e  numbers  in  the 
following  table,  which  contains  the  restilts  of  some  of  Bicss's  experiments.    The 


396 


ELECTRICITY. 


numbers  in  lb**  uppermost  horizontal  line  denote  tho  nnmber  of  jars  of  the  flame  nistj 
eompoe^ing  the  battery:  -^ 


s 

2 

4 

6 

I 

h 

h 

A 

15 

4 

67 

32 

2-6 

6 

13-4 

7-3 

65 

8 

. 

14*1 

9-3 

- 

2.  The  rise  of  ttmptraturt  produced  %  a  ^ven  dUckar^e  in  wire4  of  the  same  metal 
offqual  lengtk,  but  differmt  diameter ^  is  inmrscfy  as  thef&urtA  powers  of  their  diameters, 
and  the  quantities  of  hfat  evolvrd  are  inversflt/  as  the  tran^vtrse  sections  of  the  toire*. 
Thna,  in  wirefl  whose  diameteiB  are  aa  1»  2,  3,  &c.,  the  same  dischai]^  produces  riaes  of 
terapemtnri3  which  are  aa  1,  ^,  yj-,  &c  ;  but,  as  the  maaaea  of  the  wu^  are  aa  1,  4»  9,  it 
ia  cJear  that  the  quantities  of  heat  evolred  in  them  mnat  be  aa  l,  J,  |,  Ac,  that  ia^  in- 
iptraely  aa  the  transverse  sectiona, 

3,  With  the  same  wire  in  the  thermometer-httih^  the  rise  of  ths  temperature  produced 
in  it  by  discharge  of  a  given  quantity  of  et4xtricity,  is  less,  the  longer  the  circuit  through 
which  the  discharge  htis  to  pass,  and  the  thinner  the  wires  (hat  are  inserted  into  it ;  in 
other  words,  the  rise  of  temperature  produced  by  the  discharge  of  a  gitxn  quantity  of 
electricity  diminishes  as  the  conducting  power  of  the  circuit  is  less. 

Wins  of  different  metals  of  the  same  length  and  thickness  inseTted  into  the  circuit, 
produce  diflbrent  degrees  of  djminntion  of  the  heat  erolved  in  the  thin  wire  :  thus  a 
platinum  wire  producea  6'44  timea  as  much  dLrninution  as  a  copper  wire  of  the  same 
length  and  thickness :  henoe  it  ia  inferred  that  platinum  offers  6*44  timea  as  much 
resistance  aa  copper  to  the  passage  of  electi-icity. 

The  melting  of  rery  thin  wires  by  the  electric  discharge  is  not  a  eotiaeqnence  of 
the  heat  oTolred,  but  a  specific  electrical  effect.  For,  by  c^tlculati^ns  founded  on  the 
observed  rise  of  temperature  produced  in  thicker  wires,  Riess  has  shown  that  t?io 
riae  of  temperature  produced  in  a  platinum  wire,  b^  a  diaeharge  strong  enough  to 
melt  it,  does  not  exceed  211^  C», — a  heat  not  sufficient  eTen  to  raise  it  to  redneat, 
much  less  to  fuse  it.  And  in  fact,  on  sending  through  such  a  wire  chargea  not  quite 
BulHdeut  to  ignite  it,  appearances  are  ol>BerTed  which  indicate  a  violent  mechanical  dis- 
turbance of  its  partides.  The  wire  is  sensibly  agit-atcd ;  small  sparks  appear  at  its 
extremities ;  partlcLefl  are  thrown  off  from  its  mrface,  in  the  form  of  a  denize  rapour  ; 
and  the  wire,  if  not  tightly  stretched,  beoomes  bent  in  several  parts,  tht^  number  and 
sharpness  of  the  flexures  incre^ising  with  the  strength  of  the  charge ;  finally,  with  a 
certain  atrengtb  of  charge,  the  wire  becomes  red  or  white  hot>  andit«  partioiea  arc 
completely  scattered.  Eaetily  oxidable  metals,  like  iron,  bum  at  the  same  time  in  the 
air,  and  ore  partly  melted  by  the  heat  of  the  oombustion. 

Bodies  of  small  conducting  power  are  Tariously  affected  by  the  electric  discharge. 
Electricity  of  low  intensity  cannot  force  its  way  suddenJy  through  an  imperfect 
conductor,  even  though  the  quantity  accumulated,  in  a  largo  batt^-,  for  eatample,  may 
be  Tt-ry  considerable.  When  a  jar  or  battery  is  discharged  through  an  impeTf*?ct 
conductor,  such  as  wood,  the  diadbarge  occupies  a  perceptible  time,  as  may  be  known 
by  the  sound  produced.  When  the  resistance  of  the  intervining  solid  body  ia  very 
great,  as  that  of  glass  or  shellac,  the  accumulated  electricity  is  diBaipat^d  in  the 
air,  ttooner  than  it  can  pass  through  the  nun-conducting  solid.  But  electricity  of  high 
intensity  forces  its  way  through  bad  conductors,  often  tearing  them  asunder  and 
shattering  whatever  comes  in  its  way.  When  two  pointed  winea  are  inserted  into  the 
t'nds  of  a  piece  of  dry  wood,  and  the  char^  of  a  large  jar  or  battery  sent  through 
them,  the  wood  is  torn  in  piecea.  In  like  manner^  card^board,  glass,  thin  cakes  of 
resin,  &c  may  be  perforated.  Leyden  jars  are  sometimea  destroyed  by  the  electricity 
of  a  strong  charge  forcing  its  way  through  the  glass  from  the  inner  to  the  outer 
coating!  a  round  hole  is  thereby  produced,  filled  with  fink'ly  powdered  glass.  Wlien 
a  powerful  charge  from  a  by.tt^e'iy  is  sent  through  a  piece  of  sugar  placed  between  two 
wires*  the  sugar  is  broken  into  anveral  pieces,  which  are  thrown  violently  alx'^ut,  and 
appear  phosphorescent  in  the  dark  for  t4everal  minutes  ;  this  last  efft^t  shows  clearly 
the  violent  agitation  to  which  the  molecules  of  a  body  are  subjected  by  the  passage  of 
electricity.  The  destructive  effects  of  lightning,  when  it  striken  a  stone  or  wooden 
biiilrling,  or  the  mast  of  a  ship,  not  provided  with  a  metallic  conductor,  belong  to  the 
same  cbas  of  phenomena. 


I 
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Chemical  Effects  of  the  EUctric  Discharge, 

The  highest  diaige  of  elecfxicitj,  while  remaining  quiescent  in  a  bod^,  or  in  the 
statical  condition,  produces  no  perceptible  change  in  its  chemical  constitution;  but 
electricity  in  the  state  of  discharge,  or  in  the  dynamic  state,  is  capable  of  inducing  both 
combination  and  decomposition. 

Inflammable  bodies  are  often  set  on  fire  by  the  electric  discharge.  The  discharge 
of  a  moderate-sized  jar  instantly  inflames  a  mass  of  tow  filled  with  pounded  resin. 
The  spark  from  a  Tery  powerful  electrical  machine  produces  the  same  effect,  and  also 
sets  fire  to  deal-shavings.  A  -very  small  electric  spark  passed  through  a  mixture  of 
hydrogen,  carbonic  oxide,  alcohol-Yapour,  ether-vapour,  &c.,  with  air  or  oxygen,  or  a 
mixture  of  chlorine  and  hydrogen,  causes  instant  combination,  attended  with  violent 
explosion  if  the  gases  are  mixed  in  the  combining  proportions.  Whether  this  effect 
is  due  to  the  heat  developed  b^  the  spark,  or  to  a  direct  exaltation  of  the  chemical 
affinities  concerned,  is  not  precisely  known,  but  the  latter  supposition  is  perhaps  the 
more  probable  of  the  two.  (For  the  methods  of  inflaming  gaseous  mixtures  by  the 
electric  spark  in  analysis,  se6  Analysis,  Volumbtbic^  of  Gasbs,  i.  269.) 

The  passage  of  electric  sparks  through  moist  air  is  always  attended  with  the  pro- 
duction of  nitric  acid :  hence  this  acid  is  always  present  in  the  air  after  a  thunder- 
storm.   (See  Nrrsio  Acid.) 

Another  very  remarkable  chemical  effect  of  the  electric  discharge  through  air  or 
oxygen  is  the  formation  of  ozone.  The  air  in  the  neighbourhood  of  an  electrical 
machine  in  action  always  acquires  a  peculiar  pungent  odour,  somewhat  like  that  of 
phosphorus  slowly  oxidising ;  at  the  same  time  it  acquires  increased  oxidising  power, 
decomposing  iodide  of  potassium,  decolorising  tincture  of  guaiacum,  &c.  These  effects, 
first  observed  by  Van  Marum  in  the  latter  part  of  the  last  century,  and  since  more 
particularly  studied  by  Schonbein  and  others,  are  attributed  by  some  to  the  production 
of  an  allotropic  modification  of  oxygen,  by  others  to  the  formation  of  a  higher  oxide 
of  hydrogen  (HH)").  That  the  effect  is  due,  in  great  part  at  least,  to  a  peculiar  modifi- 
cation of  oi^gen,  is  completely  proved  by  the  fact  that  perfectly  pure  and  dry  oxygen 
acquires  this  exalted  power  when  electric  sparks  are  passed  through  it,  or  along  the 
outside  of  a  sealed  tube  containing  it  Wnether,  when  water  is  present,  a  higher 
oxide  of  hydrogen  is  likewise  formed,  is  a  question  still  under  discussion.  (See  Ozone). 

Ghinpowder  £ud  on  a  plate  of  glass  between  the  ends  of  two  wires,  may  be  fired  by 
the  discharge  of  a  jar  retarded  by  passing  through  a  wet  string  or  other  imperfect 
conductor ;  without  such  retardation,  the  discharge  merely  scatters  the  powder,  with- 
out firing  it. 

When  a  considerable  quantity  of  electricity  is  passed  gradually,  and  without  for- 
mation of  sparks,  through  a  compound  liquid,  that  liquid  is  in  many  instances  resolved 
into  its  elements,  which  separate  in  opposite  directions,  the  one  tiUdng  the  direction 
of  the  positive,  the  other  that  of  tne  negative  electricity.  This  effect  is  called 
Elbctboltsis,  that  is,  decomposition  by  electricity.  We  shall  consider  it  more  fully 
hereafter,  merely  describing  at  present  the  methods  devised  by  Faraday  for  showing 
that  chemical  decomposition  can  be  produced  by  friction  electricity.  A  glass  plate 
( j^.  390)  has  two  strips  of  tin-foil  a,  b  pasted  on  it ;  one  of  these  is  connected  by  a 
wire  Cf  or  wire  and  wet  string,  with  the  positive  conductor  of  an  electrical  machine, 
the  other  by  a  wire  g  with  the  earth  or  the  negative  conductor.  A  small  piece  of 
filtering  paper  moistened  with  the  liquid  to  be  decomposed  is  laid  on  the  plate  .midway 
between  the  two  strips  of  tin-foil,  and  connected  therewith  by  bent  platinum-wires, 
as  shown  in  the  figure.    Positive  electricity  then  enters  the  solution  at  the  point  p. 

Fig.  390. 


and  negative  electricity  at  n.  Now  let  the  paper  be  moistened  with  a  solution  of 
iodide  of  potassium,  and  the  machine  worked.  In  a  short  time  a  brown  spot  of 
iodine  will  be  prodnoed  at  p,  whUe  no  apparent  change  takes  place  at  n ;  but  if  th« 
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current  bo  lererswl  by  conne<rting  c  wltb  the  positivp,  and  g  with  the  negative  ^sm- 
ductort  a  spot  of  iodine  will  soon  appojir  at  ti,  while  that  at  j>  will  diaiippeor.  If  a 
piece  of  paper  raoistcupd  with  hydrochloric  acid  and  coloured  with  indijEfo,  l>i* 
plflced  between  p  tind  n,  the  paper  will  be  bleached  at  jp,  indicating  the  evolution  of 
chlorine.  When  a  piece  of  litmus  paper  is  placed  under  p,  and  turmeric  paper  un<k*r 
«^  both  being  inoiiit*!iied  with  sulphate  or  chloride  of  sodium,  and  the  two 
made  to  touch  each  other,  a  red  «pot  ftppeam  under  each  terminal,  showing  that  im 
acid  has  been  evolved  atv,  and  an  aUcali  at  n.  In  a  similar  manner  m^iDj  other 
deC4)m positions  may  ho  effected. 
By  the  arrangement  shown  in  fi^,  3D1,  several  portions  of  the  name  solution  or  of 
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different  solutiona  may  be  decompoHid  at  ontv,  the  acid  or  cMoroua  dements  being 
always  Gvolred  &t  the  poeitive  terminulM  ^,  and  tho  busic  elements  at  the  negative 
tenninala  n. 

Instead  of  using  the  continnouB  current  of  the  machine,  the  charge  of  a  jar  may 
b«  passed  through  the  umLiigcment,  tv  piece  of  wet  string  about  four  fe^t  long  being 
inteirpooed  in  the  circuit,  to  retard  the  diachai'ge ;  the  same  decompositinna  are  thf^n 
ppoduoed.  Without  tbe  interpoaition  of  the  wet  string,  however,  no  decompoidtioji 
takes  place :  it  seenis  therefore  to  require  a  certain  time.  The  greater  the  quantity  ot 
electricity  passed,  the  greater  also  ia  the  amount  of  decomposition  prodoced* 

The  mode  of  passing  the  electricity  through  the  eolutiomi  may  alao  be  varied  in 
other  ways,  the  only  necessary  condition  being  that  a  continuous  current  shall  pasM 
Thus,  if  two  triangular  pieces  of  litmus  and  turmeric  paper  (/y.  392)  moistened  witfa 
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Bulphate  of  sodium  be  placed  between  two  metallic  points  p,  «,  ce^nncctcd  with  th« 
conductors  of  au  electricui  miichiiio  in  action,  the  turmeric  paper  being  towards  the 
nefljatiTc,  and  the  btraua  h  towards  the  pisitivk?  terraiual,  the  extremities  of  both  papers 
will  be  reddened.  This  t^flftet  may  alao  bo  rcpatJHl  through  severul  ftltj?mation^  as  in 
J^,  393,  the  pointed  pigcea  of  moist tned  fMiper  eon*ing  to  discharge  the  electricity 
like  pointed  wires. 

In  all  thcEto  experiments,  etspecia!  care  must  bo  taken  that  no  sparlcs  pass  through 
the  air  over  the  moistened  pftpera  ;  for  the  poiisage  of  a  spark  through  the  air  always 
givea  ri&fi^  to  the  formation  of  nitric  acid,  and  this  would  of  itself  nnlden  litmusi,  pre- 
vent the  reddening  of  turmeric  by  an  alkali,  and  sepamte  iodine  from  iodide  of  po- 
tassium. 

Magnetic  Effects  of  the  Electric  Pi^hargf, 

When  ft  piece  of  un magnetised  steel  wire  is  placed  at  right  angles  to  a  wir^  of  anpr 
metal,  or  to  any  conductor  whatever^  through  which  the  diai^  of  a  large  battery  is 
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pawed,  the  steel  wire  is  rendered  permanently  magnetic,  the  direction  of  its  poles  being 
determined  hj  a  law  which  will  be  hereafter  explained.  If  the  steel  needle  be  placed 
in  the  axis  of  a  glass  tube  round  which  a  helix  of  copper  wire  is  coiled,  and  the  cnarge, 
eTen  of  a  small  jar,  be  sent  through  the  helix,  the  steel  will  also  be  permanently  mag- 
netised. The  helix  serres  to  intensify  the  action,  by  enabling  the  current  to  act  upon 
all  parts  of  the  steel  wire  at  once.  This  development  of  magnetism  in  steel  is  pro- 
duced by  the  sudden  discharge  of  electricity  through  good  conductors  in  the  neighbour- 
hood of  the  steel 

The  sudden  discharge  does  not,  however,  produce  any  deflection  of  a  magnetic 
needle ;  this  requires  time,  or  the  action  of  a  continuous  current.  That  friction  elec- 
tricity is  capable  of  deflecting  the  magnetic  needle  in  the  same  manner  as  roltaic 
electricity,  was  first  shown  by  CoUadon  of  Geneva^  whose  results  have  been  fully 
confirmed  by  Faraday.  When  the  charge  of  a  powerful  battery  is  made  to  pass 
through  the  coil  of  a  galvanometer  consisting  of  copper  wire  covered  with  silk,  the 
velocity  of  the  discharge  being  diminished  by  interposmg  a  wet  string  in  the  circuit, 
the  needle  is  immediately  deflected,  its  direction  being  determined  bv  that  of  the 
current,  in  exactly  the  same  manner  as  by  the  current  of  the  voltaic  batteir.  The 
deflection  may  also  be  produced  by  the  direct  current  of  the  machine.  For  this 
purpose,  one  extremity  of  the  galvanometer  coil  is  connected  with  the  negative  con- 
ductor, and  the  other  with  a  discharging  rod,  either  by  a  wire  or  by  a  wet  string.  The 
machine  is  then  worked,  and  the  knob  of  the  discharging  rod  brought  in  contact  with 
the  positive  conductor  of  the  machine.  The  needle  immediately  moves  a  little ;  as  it 
begins  to  swing  back,  the  contact  with  the  machine  is  to  be  broken ;  then,  when  the 
needle  has  completed  its  backward  swing,  and  is  about  to  return,  the  circuit  is  again 
to  be  completed.  In  this  manner,  a  fresh  impulse  is  given  to  the  needle,  which,  added 
to  the  flrst,  makes  it  swing  through  a  larger  arc,  and  by  repeating  this  mode  of  pro- 
ceeding several  times,  the  needle  may  be  deflected  30^  or  40^. 

Molecular  Theory  of  Electric  Action, 

We  have  hitherto  regarded  the  phenomena  of  electricity  as  resulting  from  the 
mutual  action  of  two  fluids  (or  two  modifications  of  the  same  fluid),  which  are  capable 
of  passing  through  ponderable  bodies  and  from  one  body  to  another,  and  whose  particles 
attract  and  repel  one  another  with  forces  varying  inversely  as  the  squares  of  the 
distances  between  them.  The  preceding  expositions  are  perhaps  suflBcicnt  to  show  that 
this  theory  affords  a  connected  view  of  all  the  leading  phenomena  of  electricity  as 
developed  by  friction. 

Faraday,  however,  has  proposed  a  totally  different  theory,  which  he  has  developed 
in  the  eleventh,  twelfth,  and  thirteenth  series  of  his  "Experimental  Researches." 
According  to  this  theory,  electric  action  is  supposed  to  take  place,  not  at  finite  dis- 
tances, but  solely  between  contiguous  particles  of  matter.  A  body  charged  with  either 
electricity,  sa^  with  +  i?,  exerts  a  polarising  action  on  those  particles  of  the  air,  or 
other  insulating  medium,  with  which  it  is  immediately  in  contact,  inducing  the  opposite 
polarity  (  — jB)  on  their  nearer  ends,  and  the  polarity  similar  to  its  own  (  +  ^  on  their 
farther  ends  r  these  particles  thus  polarised  act  in  like  manner  on  those  immediately 
beyond  them,  those  again  on  the  next,  and  so  on,  the  action  continually  extending 
outwards  in  all  directions  through  the  insulating  medium,  or  dielectric,  and  the  in- 
tensity of  the  charge  becoming  less,  as  it  is  communicated  to  a  wider  range  of  particles. 
If  a  conducting  body  is  interposed  in  the  sphere  of  action,  its  particles  also  become 
polarised,  exactly  in  the  same  manner  as  those  of  the  dielectric,  the  difference  between 
insulators  or  dielectrics  and  conductors  consisting  in  this,  that  the  particles  of  a  con- 
ductor are  easily  brought  into  the  charged  or  polarised  state  by  the  influence  of  an 
electrified  body,  but  immediately  return  to  their  ordinary  unpolarised  state  as  soon  as 
that  influence  is  removed, — whereas,  those  of  au  insulator  offer  considerable  resistance 
to  the  polarising  action  of  an  electrified  body,  but  when  once  polarised,  return  but 
slowly  to  their  o^nary  state,  after  the  removal  of  the  disturbing  cause.  This  difference 
is,  of  course,  one  of  degree  only,  not  of  kind,  the  best  conductors  offering  some  resistance 
to  the  polarising  or  inductive  action,  and  the  best  insulators  losing  their  polarised  con- 
dition after  a  certain  time. 

Such,  according  to  Faraday,  is  the  process  by  which  a  body  or  medium  becomes 
electrically  charged  by  the  inductive  action  or  influence  of  a  previously  electrified 
body.  Discharge  is  the  return  of  the  whole  system  of  charged  particles  to  their 
natural  or  uncharged  state,  and  takes  place  when  one  particle,  or  a  certain  number  of 
particles,  in  the  system,  is  raised  by  the  joint  action  of  all  the  forces  concerned,  to  a 
state  of  tension  which  it  is  unable  to  bear :  in  that  case,  this  particle  or  set  of  particles 
first  gives  way,  and  all  the  rest  follow ;  the  system,  in  the  charged  state,  is,  in  fact,  in 
a  oondition  of  unstable  equilibrium,  and  gives  way  at  its  weakest  point>  the  return  to 
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the  Rtata  of  stable  e<)tiilibriiim  taking  pkfewith  mora  or  less  Tiolence,  fteeording  to  the 
nature  of  t}ie  porticlea  conct?med,  and  lh«  intensity  of  their  preTions  polarisation. 
The  (Spark  or  other  visible  manifefrtution  of  electric  itctionf  marks  the  lino  of  particles 
nlonff  which  the  grenteflt  intensity  of  action  takes  place, 

Tbifl  molecular  yiew  of  electric  action  ia  based  upon  the  foEowing  iacts  and  oon-^ 
sideratloDS :  — - 

1.  THb  phtnamena  of  tUeirie  discharge  in  qa^i  and  other  imtulatinff  vudia  vary 
accorditiff  to  the  nature  of  the  medium^  which  must  ihcrf/ore  be  directly  concerned  in 
ihfir  production. 

That  the  iosokting  mediom  interremog  between  charged  oondnctors  haa  something 
to  do  with  the  phcDomt«na  of  charge  and  diacbaige,  beyond  acting  as  a  mere  obsta4;le 
to  the  union  or neutniliHation  of  ttie  oppoaite  electricitiee,  is  sufficiently  proved  by  the- 
different  iosulatiug  ponrers  of  gusea,  at  the  same  pressure  and  temperature;  by  the  ap^ I 
pearanoe  and  mode  of  formation  of  the  spark  and  brush,  and  the  Tciy  different  ch^rac*  , 
ten  of  these  forms  of  discbaige  in  different  gaaes ;  further  by  the  effects  produced  by 
the  electsic  discharge  on  solids  and  liquids  (ppi  3d6,  397). 

These  phenomena,  howeTor,  are  not  in  themselves  sufBclent  to  show  that  the  polari- 
sation  of  tJie  individual  particles  of  a  body  or  medium  is  the  main  thing  in  eJectrie 
action,  and  that  it  is  by  the  successive  polarisation  of  such  partieles^  and  not  by  %\ 
direc»t  action  at  a  distAnce,  that  the  influence  of  a  charged  body  is  conveyed  to  neigh- 1 
Ixmring  conductorsi     The  facte  on  which  the  molecular  view  is  chieHy  baaed  are  thei^ 
following : 

2.  Every  dUlccirie  medium  ejccrts  a  certain  infiuenetf  pecidiar  to  itself  on  (he  degree 
o/eUctric  induction  which  tnkea  place  through  it;  in  other  word*^  every  such  medium  i 
Aa<  a  specific  inductive  capacity.  1 

To  explain  the  meaning  of  thia»  suppose  an  eJectriffed  plate  of  metal^  A,  to  be  svs*  j 
pendod  midway  between  two  simUar  platee,  B,  C,  and  exactly  parallel  to  them*  | 
Then^  if  there  is  nothing  but  air  between  them,  the  plate  A  will  induce  equalljj 
towards  E  and  C ;  but  on  interposing  any  other  mediitm,  say  shellac,  between  A  and  C^  | 
the  inductive  actions  exerted  by  A  on  B  and  C  will  no  longer  be  equal.  For  th*  , 
description  of  the  apparatus  and  mode  of  experimenting,  by  which  tliis  question 
has  been  invest igat-ed,  we  must  refer  to  Faraday's  eleventh  series  of  "  Experimental 
Eesearches,*'  or  to  tbo  works  of  De  la  Hive  and  Riess ;  but  the  principle  of  the  method  ^ 
may  be  explained  as  follows  :  i 

Suppose  we  have  two  Leyden  jars  w^ith  equal  extent  of  coated  surface,  eqnalJ 
thickness  of  glass,  and  in  short  equal  and  similar  in  every  respect     Chai^  one  of  J 
them  in  the  ordinary  way  to  such  a  degree,  that  the  charge^  when  communicated  to  an  i 
(•lectrometer,  shall  exhibit  a  repulsive   force,    say  of  40^;  then  divide  thechaxgeJ 
between  the  two  jaWj  by  maki^  a  communication  between  the  outer  coatln^p*,  and  ^ 
bringing    tiie  knobs    in    contact.      The  i-hargo   will   of  course   be  equally   divided  i 
bi*tweon  them,  so  that,  if  no  loss  of  electricity  has  taken  place  bjr  dispersion,  each 
will  eiliibit  a  repulsive  force  of  20°     Kow  suppose  one  of  the  jars  to  be  made  of 
sheUac  of  the  same  thickness  as  the  gkss,  and  otherwise  similar  in  evety  respect.     In 
that  ease,  Paraday  finds  that  the  charge  is  not  equally  divided  between  the  two  ;  but 
that  if  the  glass  jar  is  chai^eed  first,  it  loses  by  communication  a  greater  amount  of  i 
Tepulsive  force  (or  intensity)  than  the  shellac  jar  gains ;  and  on  the  contrary,  if  the  bhelUie 
jar  IS  chained  ^rst,  it  loses  by  communication  a  smaller  amount  of  repulsive  £orcc-  than  i 
that  wliich  is  gained  by  the  gluss.     In  short,  the  shellac  afts  just  like  glass  of  lesi  J 
thickness,   a  given  thickness  of  it  producing  a  more  complete  noutrjUisation  of  thftj 
opposite  electricities,  a  result  which  is  supposed  to  indicate  a  higher  degree  ofsua-l 
ceptibility  in  its  purtit^lce  to  inductive  or  polarising  action.     This  is  what  is  meant  j 
by  saying  that  the  ehtUac  hiw  greater  specific  inductive  capacity  than  the  gla 
The  division  of  an  dectric  charge  between  two  bodies  of  different  specific  indoclivel 
capacity  may  be  compared  witb  the  communication  of  heat  between  two  bodies  oli 
different  specific  heat,  such  as  water  and  merciity,  tho  temperature  of  the  one  always  | 
falling  in  greater  proportion  tlian  that  of  the  other  rises.  J 

By  a  method  founded  on  the  principle  just  explained,  but  not  capable  of  yielding 
more  than  very  rough  numorical  approximations,  Faraday  has  obtained  the  following 
values  of  the  specific  inductive  capacities  of  certain  ditlectrics  : 

Air  and  aE  other  gases     .         ,         -         »         ,         .         .  TOO 

Gksa 176 

Shellac     .         .         *         , 2tM) 

Sulphur 2*24 

Certain  non-conducting  lifjuids,  such  as  oil  of  ttirpentine  and  rectified  w*phtijf^ 
were  also  found  to  have  ioductiTe  capacities  greater  than  that  of  air. 
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Harris,  by  making  use  of  discs  of  the  different  dielectrics  of  the  same  thickness,  and 
coated  on  each  side  with  tin-foil  of  less  diameter  than  the  dielectric,  obtained  the 
following  results: 

Air   ... 

Besin 

Pitch 

It  appears  then  that  solid  dielectrics  exhibit  considerably  greater  inductive  capacity 
than  gases,  but  do  not  differ  much  in  this  respect  among  themselves.  The  results 
obtained  with  solid  dielectrics  are  in  fact  just  such  as  would  follow  if  the  metallic 
coatings  were  brought  closer  together,  or,  which  comes  to  the  same  thin^,  if  the  charge 
were  to  penetrate  to  a  certain  extent  within  the  substance  of  the  dielectric  That  such 
penetration  takes  place  is  weU  known ;  it  is  indeed  the  origin  of  the  residual  charge 
which  is  always  found  in  a  Leyden  jar  after  it  has  been  discharged  (p.  387).  Faraday  has 
endeavoured  to  determine  its  amount  in  different  dielectrics,  so  as  to  allow  for  it  in 
calculating  his  results  on  specific  inductive  capacity.  It  is  possible,  however,  that  this 
disturbing  cause  has  not  been  sufficiently  allowed  for,  and  that,  if  correctly  estimated, 
it  might  be  found  f\illy  adequate  to  account  for  the  differences  observed  in  the 
inductive  powers  of  different  insulators.  Ki  e  s  s  {Reibunga-Electricitdty  i,  356)  attributes 
the  entire  effect  to  this  cause.  At  all  events,  the  experiments  hitherto  made  are 
neither  numerous  enough,  nor  accurate  enough,  to  establish  a  fact  so  important  to  the 
theory  of  electricity  as  uiat  of  specific  inductive  capacity. 

3.  Induction  throuoh  dielectrics  takes  place^  not  always  in  straight  lines,  as  commonly 
supposed,  but  very  often  in  curved  lines. 

When  a  charged  body  is  phiced  in  the  midst  of  a  dielectric  medium,  such  as  the 
air,  with  no  conductors  near,  the  particles  of  the  dielectric  become  polarised  in  the 
manner  already  described,  the  inductive  action  radiating  outwards  in  all  directions 
in  straight  lines;  but  when  conductors  come  in  the  way,  the  lines  of  inductive 
force  change  their  direction,  curving  to  a  certain  extent  round  the  conductor,  this  cur- 
vature resulting,  partly  from  the  action  of  the  conductors,  partly  from  the  mutual 
action  of  the  polarised  molecules  of  the  dielectric,  whereby  a  force  is  produced  trans- 
verse to  the  lines  of  inductive  force,  and  giving  them  a  tendency  to  bulge  outwards. 
This  same  transverse  force  is  probably  concerned  in  the  magnetic  action  of  the  electric 
current 

For  proof  of  this  curvature  of  the  Hues  of  inductive  action,  Faraday  relies,  partly  on 
the  visible  forms  of  the  electric  discharge  in  gases,  as  seen  in  the  spark  and  more 
especially  in  the  brush  discharge,  partly  on  certain  experiments  specially  directed  to 
the  point,  of  which,  as  the  mode  of  action  is  the  same  in  all,  it  will  be  sufficient  to  cite 
the  following.  A  cylinder  of  shellac  A  (Jig.  394)  set  in  a  vertical  position  is  excited 
negatively  by  friction ;  and  upon  it  is  placed  a  brass  hemisphere  B.  An  insulated 
carrier-ball  is  placed  in  contact  with  the  hemisphere,  and  above  it,  in  the  several  posi- 
tions t,  A;,  /,  m,  fi,  0,  p,  then  uninsulated  by  touching  it  with  the  finger,  insulated  again, 
and  then  brought  in  contact  with  an  electroscope  or  electrometer. 
In  all  cases,  it  is  found  to  have  received  a  positive  charge.  This 
charge  is  evidently  a  charge  by  induction,  and  Faraday  regards  it 
as  a  proof  that  the  induction  takes  place  from  the  surface  of  the 
excited  lac  through  the  air  in  curved  lines,  bending,  indeed,  round 
the  surface  of  the  brass  hemisphere.  The  effects  are  exactly  similar 
when  a  globe  or  a  plate  of  brass  is  laid  on  the  top  of  the  excited 
shellac 

It  is,  however,  not  difficult  to  show  that  these  and  all  similar 
phenomena  are  perfectly  in  accordance  with  the  theory  of  action 
at  a  distance  in  straight  lines.  Iniact>  the  apparatus  represented 
in  figure  394,  is  merelv  a  modified  form  of  the  electrophorus,  and 
the  explanation  already  given  (p.  385^  of  the  action  of  that 
instrument  may  be  appli^  almost  wora  for  word,  to  the  results 
obtained  with  Faraday  s  apparatus.  The  shellac  stem  being  ex- 
cited negatively,  acts  inductively  on  the  brass  hemisphere,  render- 
ing the  lower  surface  of  it  positive,  and  the  upper  surface, 
together  with  any  other  conductor  in  contact  with  it,  negative. 
When,  however,  the  brass  hemisphere  is  uninsulated,  as  by 
touching  it  with  the  finger,  the  negative  electricity  is  driven  into 
the  ground,  and  the  whole  surface  of  the  hemisphere,  and  of  the  carrier-ball  in  contact 
with  it,  as  at  f,  *,  /,  or  wt,  becomes  positive ;  consequently,  when  the  hemisphere  is 
again  uninsulated,  and  the  carrier-ball  made  to  touch  iin  electrometer,  it  exhibits  a  posi- 
tive charge.  When  the  carrier-ball  is  held  above  the  hemisphere,  the  latter  is  insulated, 
and  th«  -^E  on  its  upper  surface  acts  inductively  on  the  canfier-ball  atn,  o,  or  p^ 
Vol.  II.  D  D 
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rnidering  it,  wWle  iii»ul»ted,  poiitirn  below  andnegntiTe  aboTi*,  bnt  when  miinsulated, 
.  wholly  pcneitiTe,  so  thnt  in  thi^  07150  ulso,  the  ball,  when  again  iiisuliit«d  and  carritid  to 
thff  clcetrometer,  shows  positive  electricity. 

Ffimduy  my»,  however,  in  alliwon  perhaps  to  auoh  a  mode  of  explanation,  •*  To 
suppose  that  induetion  acta  iu  some  way  through  or  across  the  metjil,  is  negativtHl  by 
the  eimplest  considenition?* ;  bnt  a  fact  in  pn^of  will  be  U-tter*  If,  instead  of  the  ball 
[or  liemi sphere]  B,  a  small  disc  of  metul  be  used,  the  ciiirier  may  he  charged  at  or 
above  the  middle  of  ita  npper  Biuface ;  hat  if  the  plate  be  enlarged  to  li  or  2  inehea 
in  diameter,  then  no  charge  will  be  given  to  the  carrier  when  applied  at  the  centre  of 
its  npp«r  snrface,  though,  when  applied  nearer  to  the  edge,  or  oven  above  the  middle, 
a  chtiTRe  will  bo  obtained  ;  and  thia  h  trae,  though  the  plate  may  bo  a  merfi  thin  film 
of  gold-haf,  Honce,  it  is  clear  that  the  induction  is  not  ikrou^h  the  metal,  bnt  through 
the  fiiirronnding  air,  or  diefcctrk,  and  that  in  curved  lines," 

The  lion-^harging  of  the  carrier  at  the  centre  of  the  circular  plate  may,  however,  bo 
explained  in  another  way.     When  nny  conductor  or  chain  of  conductors  whatever  ia 

Csd  under  the  influence  of  an  electrified  body,  iko  two  extremities  of  the  conductor 
me  oppositely  electrified,  and  between  the  two  there  roust  be  soraewhere  a  neutral 
point  or  line.  The  exact  position  o[  thia  neutral  point  or  line  will  depend  upon  a 
variety  of  circumstances,  as  on  the  form  and  fiize  of  the  condnetor,  ita  distance  from 
the  charged  body,  and  the  Btrength  of  the  original  charge ;  but  it  must  always  bo 
found  ftomewhere,  and  there  is  no  difficnlty  in  siippc»sing  that,  with  the  particular  ar- 
r«ng<^ment  in  queatiorr,  it  would  lie  found  at  the  centre  of  the  plate.  Indeed,  with  the 
hemisphere  (fy.  ^94),  the  charge  of  the  carrier-ball  regularly  dlTninished  from  the  edgea 
lowiirdH  the  middle,  hein^  112°  at  t,  108°  at  k,  65^  at  /,  and  36°  at  m;  and  with  form* 
interraodiate  between  the  hemi^iphere  and  the  flat  disc,  a  regular  gradation  of  charges 
at  the  midtlle  point  would  doubtless  be  obtained. 

But,  EB  already  observed,  the  action  in  this  and  all  eimilar  experiments,  ia  merely 
that  which  tHkea  place  in  the  electrophoriLH,  the  condeuiier,  tlie  coat^  plat-e,  anrl^ 
indeed,  in  every  conceivable  arrangement  in  which  a  conductor  is  first  placed  under 
the  inilnence  of  an  electrified  body,  then  tminsuliited*  and  lastly  insulated  again.  In 
all  aoch  caeea,  supposinff  the  Blectrified  body  to  be  charged  with  +  E^  tbe  —  £  of  the 
conductor  is  drawn  to  its  nearer  extremity,  and  on  uninsulating  it,  the  +  E  is  driven 
'into  the  ground,  m  that,  on  again  inpuhiting  the  conductor,  and  Femoving  it  from  tho 
neigld>ourhoo<l  of  tlic  charged  liody.  it  appears  whoHy  nepntiiXL  Tbe  explanation  of 
thiK  ctfeet  on  tho  commonly  received  theory  of  aetion  at  a  distance^  is  clearer  and  more 
aatisfactofy  than  any  explanation  that  haa  yet  been  enggestod  on  the  hypothesis  of 
induction  in  curved  line«. 

Tlie  theory  of  induction  in  curved  Hnes  is  further  said  to  bo  supported  by  the  fact 
that  electric  discharge,  especially  in  the  brush -form,  frequently  take^  place  in  cun'Cfl, 
us  in  figs.  3DJ,  396,  which  represent  the  bruah  as  formed  l>etween  a  chai^d  coc- 
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rtu'-tor  and  another  on  which  it  acts  hf* 
induction.  But  in  such  case*,  as  well  ol>- 
fier^^ed  by  De  la  Rive  (TVofV^i.  146),  the 
curvature  of  the  lines  of  discharge  is  not  a 
primary,  bnt  a  eecondaiy  effect,  depending 
on  the  action  of  the  conductors  The 
particles  of  air  aitnated  between  the 
oppositely  charged  conductors  becomo 
polariHed,  in  the  same  manner  as  iron 
filings  between  two  opposite  magnetic 
poles,  and  arrange  themselves  in  a  similar 
manner.  The  curves  of  the  electric  dis- 
charge, as  illustrated  by  the  preceding 
figures,  have,  indeed,  a  strong  general  re- 
Bombln  ncc  to  tho  magnetic  curves,  a*  shown 
l*y  iron  filings.  Now  the  form  of  the  mag- 
nctie  Purres  is  determined  by  the  joint  action  of  the  two  magnetic  pole«,  and  depends 
upon  the  low  of  magnclic  action  witli  rcganl  to  distance:  tbe  cnrroa  ^xe,mi»^U 
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the  graphic  ezpreesion  of  the  law  of  inverse  squares  (see  Dela  Kive,  i  592). 
Now  it  is  not  to  be  expected  that  the  curves  of  the  electric  discharge  between 
two  conductors  should  exhibit  the  exact  form  of  the  magnetic  curves;  for  thej  are 
disturbed  by  the  influence  of  surrounding  conductors,  and  bj  the  continually 
shifting  distribution  of  the  charge  on  the  smface  of  the  conductors  between  which 
they  are  formed;  nevertheless,  the  resemblance  is  sufficiently  close  to  show  that 
they  are  produced  in  a  similar  manner,  and  depend  on  the  same  law  with  regard  to  dis- 
tance. Ko bison  (Mechanical  Philosoph^f  iv.  53)  describes  an  experiment,  in  which 
a  thin  brass  plate,  coated  with  red  sesJing  wax,  was  placed  on  two  small  insulated  balls 
charged  with  opposite  electricities,  and  a  fine  powder  of  black  sealing  wax  was  sprinkled 
on  the  plate  from  a  considerable  height ;  on  tapping  the  plate  gently  with  a  glass  rod, 
the  fine  particles  of  wax  arranged  themselves  in  curved  lines,  £verging  from  the  point 
over  each  of  the  balls,  just  like  iron-filings  under  the  influence  of  a  magnet 

The  mutual  action  of  conductors  at  a  mstance  is  then  by  no  means  incon^tent  with 
the  polarisation  of  the  particles  of  the  insulating  medium ;  indeed,  a  number  of  non-con- 
ducting particles  exposed  to  the  action  of  two  oppositely  electrified  bodies,  or  two  cen- 
tres of  opposite  electric  force,  must  become  polarised ;  but  this  is  a  very  different  thing 
from  supposing  that  the  charging  of  a  conducting  body  by  the  influence  of  another  cannot 
take  place  except  through  the  intervention  of  those  non-conducting  particles.  What- 
ever supposition  we  may  make  as  to  the  manner  in  which  a  conductor  becomes  charged, 
whether  (to  use  Faraday's  expression)  it  polarises  as  a  whole, — as  if  we  suppose  a  quan- 
tity of  electric  fluid  to  be  bodily  transferred,from  one  end  of  it  to  the  other, — or  whether 
the  polarisation  affects  each  individual  particle,  it  is  certain  that  conductors  are  more 
susceptible  of  electric  influence  than  non-conductors  (the  terms  are,  of  course,  used  rela- 
tively), taking  a  charge  with  facility,  and  returning  with  equal  facility  to  their  natural 
8tat«  when  the  disturbing  force  is  removed.  This  being  the  case,  we  may  expect  that 
a  conductor  placed  at  a  certain  distance  from  a  charged  body  will  be  electrifled  or 
polarised  by  its  influence  before  the  intervening  non-conducting  particles^  just  as  if  a 
number  of  very  hard  steel  filings  are  strewn  between  a  magnet  and  a  bar  of  soft  iron, 
the  soft  iron  will  be  magnetised  instantly,  while  the  steel  filings  midway  between  the 
two  will  not  become  polarised,  at  least  not  to  their  full  extent^  for  some  considerable 
time.  But  further  we  may,  while  still  retaining  the  hypothesis  of  action  at  a  distance, 
suppose  that  a  charged  conductor  is  itself  an  aggregate  of  oppositely  polarised  particles. 
We  know,  from  the  phenomena  of  magnetism,  that  a  heap  of  magnetised  particles^  with 
their  similar  poles  all  tiimed  the  same  way,  acts  just  as  if  one  half  of  the  mass  pos- 
sessed north,  and  the  other  half  south  polarity;  thus  a  tube  full  of  steel  filings, 
magnetised  by  any  of  the  ordinary  methods,  acts  exactly  like  a  magnet  with  a  north 
pole  at  one  end,  a  south  at  the  other,  and  a  medium  line  between  them ;  in  fiict^  in  the 
middle  of  the  mass,  the  opposite  polarities  neutralise  each  other,  and  show  them- 
selves only  towards  the  ends.  Just  so  must  it  be  in  a  mass  of  particles!  each  of  which 
has  its  two  ends  in  opposite  electrical  states ;  the  mass  will  act  on  external  bodies, 
just  as  if  one  half  of  it  were  charged  with  •»-  E  and  the  other  with  —E, 

This  view  of  the  state  of  a  charged  conductor  may  perhaps  afford  the  true  explana- 
tion of  the  well-known  fact  that  the  charge  of  a  conducting  body  appears  to  be  confined 
to  its  external  surface.  The  ordinary  theory  attributes  this  superficial  distribution 
to  the  mutual  repulsion  between  the  particles  of  the  electric  fiuid,  an  explanation, 
which  is  perfectly  satisfactoiy  when  once  the  hypothesis  is  admitted.  Faraoay,  on  the 
other  hand,  maintains  that  the  charge  of  a  conductor  is  confined  to  its  surface,  because 
it  is  only  there  that  the  partides  of  the  conductor  are  in  contact  with  those  of  the  sur- 
rounding dielectric,  by  which  alone  their  charged  or  polarised  state  can  be  retained. 
But  why,  on  his  own  hypothesis,  should  not  these  superficial  particles  polarise  those 
next  to  them,  and  these  the  next,  and  so  on  throughout  the  mass  ?  It  may  be  true  that 
the  particles  of  a  charged  conductor  return  to  their  natural  state  the  instant  they  are 
removed  from  the  infiuence  of  a  disturbing  force ;  but  while  the  superficial  particles  are 
polarised,  the  interior  particles  must  be  subject  to  their  infiuence.  The  fact  that  a  proof- 
plane  applied  to  the  interior  of  a  charged  conductor  receives  no  charge,  proves  nothing 
more  than  that  all  the  forces  there  acting  upon  it  balance  each  other,  and  their  resul- 
tant is  nothing ;  indeed  it  is  just  the  same  when  the  proof-plane  is  applied  to  the  inner 
surface  of  a  hollow  metallic  conductor,  although  the  metal  there  is  in  contact  with  the 
air,  just  as  much  as  on  the  outer  surface. 

In  illustrating  the  action  of  the  electric  forces  by  the  analogous  phenomena  of  mag- 
netism, we  must  be  carefal  not  to  push  the  comparison  too  far.  up  to  a  certain  point 
electric  induction,  in  its  effects  at  least,  is  similar  in  every  respect  to  magnetic  induc- 
tion. A  charged  body  disturbs  the  electric  state  of  another  bod^  in  its  neighbour- 
hood, just  as  a  magnet  induces  polarity  in  a  neighbouring  piece  of  iron,  and  in  the  one 
ease  as  in  the  other,  the  disturoed  body  retunis  to  its  ordinary  unpolarised  state  on 
the  removal  of  the  disturbiog  cause,  provided,  in  the  case  of  electricity,  the  charge  or 
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disttirbanrft  docs  not  po  beyond  a  certain  degree  of  infensity.  But  if  thnt  limit  is 
posscd,  dischiu^i?  tuk«>ft  place  Uetureen  the  two  bodies  in  the  form  of  n  spark  or  other- 
wise, aud  aft'cr  that,  neither  of  them  roturus  to  its  former  state  when  they  are  sepa- 
rate ;  the  original  chai^  then  appears  dirided  between  the  two^  the  one  losing  wfiat 
the  other  gainH,  just  as  when  a  liquid  ia  poured  from  one  reesel  to  ainother.  Now  there 
ifl  jiothirift  in  magnetism  nnnlogous  to  this :  a.  steel  magnet  may  induce  the  most  in* 
tense  polarity  on  a  piece  of  soft  iron  in  contact  with  it,  so  that  the  two  can  only  bo 
separated  by  the  exertion  of  great  force ;  but  the  sepaj^tion  once  e£Fected.  eveiy  thing 
is  as  beforts ;  tbe  soft  iron  loses  ftil  its  magnetism,  and  the  steel  magnet  n^tuma  to  its 
original  state  of  polarity. 

In  the  representation  which  it  affords  of  the  phenomena  of  electric  dischai^ge— in 
other  words,  of  the  diirision  of  a  cbai^e  between  two  bodies — the  ordinary  fluid  theory 
hiiH  rt>rtwtoly  the  adrantage  of  clearness  and  prcciiJion,  Moreover,  the  transference  of 
ail  i^lwtric  ilnid  from  one  body  to  another  is  by  no  means  itieompatible  with  tho  polari- 
?uUon  of  e<mtiguous  molecules,  A  body  may  contain  an  excess  of  one  or  tho  other 
t'h^ctric  fluid,  and  at  the  same  time  that  Uuid  may  be  accumolated  on  one  side  of  catdi 
of  iJr*  particles  in  hiiger  quantity  than  on  the  other.  Discharge  may  ahso  be  conceiTod 
to  tnke  place  by  transference  of  the  electi-ic  fluids  in  opposite  directions,  from  particle 
to  partide,  throughout  the  entire  coudactiiig  chain.  To  explain  this  more  fnlly, 
suppose  a  numl>cr  of  pieces  of  tin-foil  to  be  pasted  in  a  row  on  a  plate  of  glass,  and 
that  one  end  of  this  row  is  presentod  to  the  conductor  of  an  electrical  machine^  while 
the  other  is  connected  with  the  ground ;  a  series  of  sparks  will  then  be  perceived  at 
nich  intcmil  betw^n  the  pieces  of  tin- foil.  Nowsappose  the  number  of  these  pieces  to 
be  incpeai^ed,  and  tho  inten'als  between  them  diminished  in  widtli ;  the  sparks  will  then 
be  smaller,  and  the  discharge  more  oontinaoiis ;  and  if  we  imagine  this  diminution  of  tho 
iiitcrvrds  to  be  continued  indefinitely,  they  will  at  last  become  so  small  that  the  sparks  will 
no  loneer  be  risible,  bat  the  discharge  will  take  place  with  apparent  continuity,  as  in  a 
metallic  rod  ;  nevertheless^  it  will  still  be  in  reality  a  Buccession  of  discharges  from 
one  iittlo  piece  of  moUd  to  the  other.  An  electric  current  may,  therefore,  be  regarded 
as  a  Eucoesaion  of  charges  and  dbchai'ges,  taking  pkce  between  contiguous  particles. 


Theory  a/ a  ^nffU  EUctric  Fluid, 

Fmnklin  attributed  the  phenomena  of  electricity  to  the  action  of  a  single  electric 
fluid  n^siding  in  all  bodies,  and  capable  of  passing  from  one  to  another*  The  particles 
of  thiH  fluid  are  snpjKJsed  to  repel  each  other,  and  to  be  attracted  by  the  particles  of 
]K>nder;ible  matter ;  and  a  body  is  in  its  natural  or  neutral  electric  stat^?.  when  the 
rjiiantity  of  electric  fluiil  eontuintnl  in  it  is  such  that  the  repulsion  exerted  by  the  whole 
of  thnt  fluitl  on  a  particle  of  electric  fluid  situated  externally  to  the  bo^ly,  w  equal  to 
the  attraction  exerted  on  the  same  particle  by  the  ponderable  matter  of  the  body.  A 
lx>dy  containing  more  than  this  naturul  qiuantity  of  electric  fluid,  ia  in  the  pojsitiv^ 
*(tate,  and  extrts  a  repulsive  action  on  the  electric  fluid  of  neighbouring  bodies ;  and  a 
Ijody  containing  k^e  than  the  natural  quantity  is  in  tho  ncgaiim  Biat6j  and  exerts  an 
uttnictivc  action  on  the  ehKJtric  fluid  in  neighboaring  l:M>die8. 

It  is  easy  to  see  that  this  theory  is  capable  of  rendexing  an  exact  account  of  all  the 
phenomena  of  induction  and  discharge.  A  body  containing  excess  of  electric  fluid 
repeb;  the  fluid  in  a  neighbouring  conductor  to  the  farther  end,  rendering  that  end 
positive,  and  the  neurer  end  negatiTo;  and  a  body  containing  exeees  of  ponderable 
matter  attracts  the  fliud  in  a  neighbouring  conductor,  rendering  the  nearer  end  of  that 
conductor  fKjjiitive,  and  the  farther  end  negative;  and  when  the  attraction  between  the 
elocfric  fluid  and  the  ponderable  matter  on  the  adjoining  surfaces  reaches  a  certain 
limit,  a  quantity  of  electric  fluid  passes  frc»m  the  positive  to  the  negative  surface,  in 
the  form  of  a  spark,  the  redundant  fluid  of  tho  positive  body  being  then  divided  be- 
twren  tho  two.  It  is  unnece^isary  to  go  into  details;  the  explanntion,  in  every  case  of 
eharge  and  discharge,  is  tho  same  us  on  the  two^fliiid  theory,  merely  substituting 
the  attraction  l>etween  ponderable  matter  and  electric  fluid  for  that  of  the  two  electric 
fluids,  one  for  the  other. 

Till'  i^'ranklininn  tJieory  has,  however^  been  supposed  to  fail  in  accounting  for  tlio 
iTiutml  n^pukion  of  two  negatively  electrified  bodies.  When  two  bodies,  pith-balls, 
for  eiaTii[ih\  contain  excess^  of  electric  fluid,  the  mutual  repulsion  of  llie  particles  of 
that  fluid  will  cause  it  to  be  most  concentrated  at  their  farthest  points,  where,  being 
prevented  from  going  any  farther,  by  the  resiatanco  of  the  air,  it  will  cskx\ae.  the  lialls  to 
fly  asunder.  Eut  when  the  bodies  contain  \qisb  than  their  natural  quantity  of  electric 
fluid,  their  mutual  repulsion  cannot  be  accounted  for  in  a  similar  manner :  hence 
Aepinua  was  induced  to  add  to  the  Pranklinian  theory  the  tissumption  that  the  par- 
tichs  of  ponderaUii  mattirr  rtpd  each  othrr.  This  assumption  has  usually  been  cuu- 
sidered  as  opixwed  to  the  well-known  fact  of  univtrsnl  gravitation ;  but  it  i^  not 
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necessarilj  so :  for,  as  pointed  out  by  Roget>  in  his  treatise  on  Electricity,  in  the 
"Idbrapy  of  Useful  Knowledge,"  the  tendency  of  any  two  bodies  to  move  towards  or 
away  from  one  another,  is  the  resultant  of  all  the  attractive  and  repulsive  forces  exerted 
between  them ;  if;  therefore,  we  suppose  the  sum  of  the  repulsive  forces  (that  is,  of  the 
particles  of  electric  fluid  for  each  other,  and  of  the  particles  of  ponderable  matter  for 
each  other)  to  be  slightly  less,  at  the  same  distance,  than  the  sum  of  the  attractive 
forces  (exerted  between  the  particles  of  ponderable  matter  and  electric  fluid),  there 
will  remain  a  certain  residual  attractive  force,  which  may  constitute  the  force  of 
gravitation. 

On  the  other  hand,  we  may  observe  that  the  assumption  of  a  repulsive  force  between 
the  particles  of  ponderable  matter  is  not  at  all  required  to  explain  the  phenomenon 
whicn  gave  rise  to  it  In  fact,  two  negatively  electrified  bodies  may  be  supposed  to 
recede  from  each  other,  not  because  they  actually  repel  each  other,  but  because  they 
attract  one  another  less  than  either  of  them  is  attracted  by  the  surrounding  air,  —just 
aa  a  balloon  rises  in  the  air,  not  because  it  is  actually  repelled  from  the  earth,  but 
because  it  gravitates  less  than  an  equal  bulk  of  air. 

The  Franklinian  theory  has  been  supposed  to  receive  considerable  support  from  the 
well-known  appearance  of  the  positive  and  negative  brush  (p.  389).  The  positive 
brush,  with  ita  divergent  ramifications,  does  certainly  suggent  the  idea  of  a  fluid 
forcibly  ejected  through  a  narrow  aperture,  whereas  the  negative  brush  and  glow 
have  rather  the  appearance  of  streams  of  fluid  converging  towards  an  aperture ;  but 
the  beautiful  experiments  of  Faraday  on  the  appearance  of  the  electric  discharge  in 
different  gases,  show  conclusively  that  the  difference  of  character  in  the  two  brushes 
IB  much  less  absolute  than  was  formerly  supposed,  and  that  it  depends  essentially 
on  the  nature  of  the  medium.  Gussiot,  in  one  of  his  experiments  on  the  electric 
disch^e  in  vacuous  tubes  (Proc  Eoy.  Soc.  ix.  605),  speaks  of  "  the  appearance  of  a 
direction  of  a  force  emanating  from  the  negative." 

It  would  be  difficult  to  single  out  any  electrical  phenomenon  which  affords  a 
decisive  argument  in  favour  of  the  theory  either  of  one  or  of  two  electric  fluids. 
The  two-fluid  theory  has,  however,  this  advantage,  that  it  represents  the  negative 
state  of  electric  charge  as  the  exact  counterpart  of  the  positive ;  whereas  the  one-fluid 
theory  assumes  a  fundamental  difference  between  the  two,  regarding  one  as  arising 
from  an  excess,  and  the  other  from  a  deficiency,  of  electric  fluid,  without  being  able 
to  say  decidedly  which  is  in  excess  and  which  in  defect.  The  positive  or  vitreous 
state  is  indeed  generally  regarded  as  arising  from  excess  of  electric  fluid ;  but,  with  the 
exception  of  certain  appearances  of  the  electric  light  just  noticed,  no  difference  has 
yet  been  pointed  out  between  the  phenomena  of  positively  and  negatively  electrified 
bodies,  capable  of  indicating  in  which  of  the  two  the  excess  is  to  be  found. 

Of  late  years,  the  study  of  the  relations  of  electricity  to  heat,  light,  magnetism  and 
mechanical  force  has  led  to  the  notion  that  its  effects  are  due  to  peculiar  arrangements 
and  motions  of  the  particles  of  ponderable  matter,  rather  than  to  the  movements  of 
any  peculiar  fluid  or  fluids.  And,  however  clear  may  be  the  view  which  the  fluid 
theory  affords  of  the  phenomena  of  electric  charge  and  discharge,  it  is  not  difficult  to 
regard  these  phenomena,  at  least  in  their  general  features,  from  a  different  point  of 
view.  The  opposite  characters  of  the  two  electricities  may  be  supposed  to  arise  from 
two  different  kinds  of  motion  among  the  particles  of  bodies,  perhaps  analogous  to  the 
vibrations  of  rays  of  light  polarised  in  different  planes ;  and  the  division  of  an  electric 
charge  between  two  bodies,  may  be  compared  to  the  division  of  velocitpr  which  takes 
place  when  a  body  in  motion  strikes  another  at  rest  or  moving  m  a  different 
direction. 

In  considering  this  question,  however,  it  should  not  be  forgotten  that  the  pheno- 
mena of  light,  and  certain  disturbances  in  the  motion  of  comets,  point  to  the  existence 
of  an  ethereal  medium  pervading  space  and  filling  up  the  intervals  between  the  par- 
ticles of  ponderable  bodies.  Such  a  medium  can  scarcely  be  without  influence  on  the 
electric  state  of  a  body ;  and,  admitting  its  existence,  it  is  by  no  means  improbable 
that  it  may  have  a  translatory  as  well  as  a  vibratory  motion,  the  former  giving  rise  to 
the  phenomena  of  electricity,  the  latter  to  those  of  Ught 

BSTSLOFICBNT   OF  ElECTBICITT  BY  MECHANICAL  ACTION. 

1.  My  yrieilan.  The  development  of  electricity  by  the  friction  of  two  solid  bodies, 
one  at  least  of  which  is  a  non-conductor,  has  already  been  considered  (pp.  376,  377). 
We  have  now  to  notice  the  electric  effects  produced  by  the  friction  of  pulverulent 
bodies,  of  conducting  solid  bodies,  and  of  liquids. 

Powders  projected  from  a  pair  of  bellows,  become  electrified  by  friction  against  the 
tube.  Bennett  made  the  curious  observation,  that  powdered  chalk,  blown  from 
a  bellows  against  the  cap  of  an  electroscope,  exhibited  +E  when  the  cap  was 
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about  C  inchofl  from  t!ie  noEzle  of  tlie  boUowp,  but  —E  whi^n  the  distjme*  waa 
6  inches.  The  powder  ia  in  tact  pi>siliV4c"]y  elfi/trifim!  by  friction  against  Uit*  tube*  of 
the  belloTini,  negatively  by  frictioQ  iigiJiiuHl  tho  c^ipof  the  electroacopc*  the  one  or  tliw 
other  of  these  effects  pretlominafing  aecording  to  the  diHt&QCe,  PotLnded  ice  and 
Tery  drv  stiow  be^'ome  eh't-trified  when  bloTim  fr<5m  a  bt^Jows. 

PowJers  becorat)  fitrottgly  electrifitd  by  passing  through  sierefl,  Pidverised  earths 
«ttd  a  iMge  nttfflber  of  Bolid  acida  acquire  negative  electricity  when  sifted  through 
Otpmie  tiBSuei.  Many  powders  become  electrical  when  stirred.  Dry  oxalate  cif 
Cftlciiim  stirred  with  a  rod  of  glass  or  pladnnm  becomeg  positively  electrical  in  bo 
high  ft  dejrreo  that  it  ia  liftM  out  of  tJie  containing  vessel  on  romoving  the  rod 
(Faraday),  Powdera  are  aleo  strongly  electrified  by  nilibing  against  each  other. 
When  fterding  wsii  and  Bulphur  in  powder  are  rubbed  together,  the  wax  becomes 
positive,  the  sulphur  negative.  When  pounded  reain  (colophony)  and  red  lead  are 
Tubbe*!  tctgether,  the  reiiin  becomea  negative,,  the  red  lead  positive.  A  good  way  of 
exhibiting  the  opjjosite  charges  thus  ucquiri^  by  two  powders,  ig  to  project  them 
from  a  eaoatchouc  bottle  having  a  glaaa  tube  inserted  into  ita  mottth  and  a  piaoe  of 
Il»nnel  tied  over  the  tube,  against  two  braaa  knobs  (the  kuobe  of  two  Leyden  jara  for 
ejcample),  oppositely  clectrifted ;  the  resin  is  then  wholly  deposited  on  the  positive,  the 
Ted  lead  on  the  negative  knoh«  If  the  powders  are  projected  against  a  resinous  cake 
two  points  of  which  have  been  Joppositely  electrified,  they  coOect  round  the  pouita 
in  veiy  pemarkuble  conftgnnitions^  c^ed  Lt-uchttnbtrp' s  Jfffurt%  the  re*in  being 
deposited  romid  the  positive  point  in  beautiful  arborescent  forms,  the  red  lead  round 
the  negative  point  in  round  patches,  or  sometimes  in  concentric  clrdes,  altogether 
destitute  of  arborescent  character.  The  difference  is  of  the  atime  kind  an  that  between 
the  positive  and  negutlve  bruith  in  air;  it  would  W  interesting  to  observe  how  the 
figures  would  be  modified  in  atmoepheres  of  diiferent  gases. 

Friction  of  Good  Conductor g,^MeU\\B  andotiier  good  conductors  do  not  exhibit  any 
signs  of  electricity  wten  rubbtHl  tf>^etlier  and  then  brought  in  contact  with  an  elet*- 
troscope,  becauBe  the  opposite  electricities  recombine  more  qtiickly  than  the  surfaces 
can  bo  se  para  ted.  If,  liowever,  one  of  the  metals,  in  the  form  of  filings,  is  made  to 
fall  over  the  surface  of  the  oUier^  signs  of  electric  eJiarge  become  apparent,  becaiuse 
the  ftne  division  diminishes  the  conducting  power  of  the  metjiL  Becqaerel  finds  that 
when  filings  nf  any  metal  are  projected  against  a  plate  of  the  same  metal,  the  filiwgs 
become  negative,  and  the  plate  positive,  the  effect  being  stronger  aa  the  metiUie  powder 
is  finer  and  more  rapidly  projected.  When  the  plate  and  the  filini;^  are  of  diffen^nt 
metals,  the  effect  is  complicated  by  this  electric  charge  resalting  either  from  simpli> 
contact  of  the  two,  or  from  chemical  action  exerted  on  one  of  them  by  the  moisture  in 
the  air  fp.  414),  so  that  the  effect  due  to  friction  cannot  be  exactly  Hsrertained, 
Copper  filings  bccomo  negative  when  projected  against  phites  of  ainc,  lead,  tin,  Iron, 
bismuth,  and  antimony;  tine  filings  jjonitive  with  plates  of  platinum,  gold,  silver, 
copper,  jind  tin, — negative,  with  plat-es  of  ^inc,  bismuth,  antimony,  and  ipdu.  Puiverisi-d 
metallic  oxidea  and  Bulphide^  are  positive  with  resf^eot  to  the  corresponding  metals. 

To  exhibit  the  electricity  developed  by  rubbing  together  solid  pieces  of  good  con- 
ductors, it  is  necessaiT  to  make  use  of  the  galvanometer.  Solder  a  narrow  strip  of 
copper  plate  to  one  end  of  a  galvanometer  wire,  and  a  similar  atrip  of  iron  plate  to  th(^ 
other  end,  and  enclose  the  junctions,  together  with  a  portion  of  the  plates,  in  cork«,  to 
serve  as  handles,  so  that  no  heat  may  be  eommnnicated  from  the  hand  to  the  metal. 
If  the  two  plates  are  then  simply  brought  in  contact,  no  electric  effect  wiD  be  appunnt ; 
but  on  mbtiing  one  plate  lightly  over  the  other,  taking  care  to  spparate  the  nibbed 
parts  as  qtiickly  aa  possible,  but  stiU  maintaining  tho  contact,  the  needlij  of  the  gab'a- 
nomr tcr  wiU  l>c  derfected,  it^J  dire^ction  indicating  tho  fiassage  of  a  current  of  p^sitivo 
electricity  from  tho  iron  through  the  wire  to  the  copper,  and  therefore  shoi^'ing  that  the 
iron  has  been  rendered  positive  by  tho  friction^  and  the  copiji^j*  negative.  Of  the  ljO<lica 
in  tho  following  table,  each  one,  when  thus  treate<i,  becomes  ncgtitive  with  all  those 
which  follow,  positive  with  all  those  which  precede  it :  Bifrtnuth,  paUadiicm^  plaHnitm, 
iead^  <Mi,  mcJ^if  cohttit,  copper,  goUl^  gitmr,  iridium^  rinCy  inm^  cadmium^  arsenic^  an- 
Umontf,  antkracitti  pcroxidt  Cif  ^^^(f fines f.  This  is  the  same  as  the  thermo-electric 
series  (p.  412);  nevertheless,  tho  effects  do  not  appear  to  be  due  to  heat;  for,  \i  two 
cylinders,  about  4  inchoa  long,  one  of  copjHir,  the  other  of  iron,  are  attached  to  tho 
ends  of  the  galvanomet*»T  wire,  and  rubbed  together  in  euch  a  manner  that  the  same 
points  of  the  one  may  traverse  tlie  entire  length  of  the  other,  whereby  these  f^oints  are 
heat^xl  mnch  more  strongly  than  the  surface,  the  same  current  is  obtained,  both  in 
direction  and  in  intensity,  whether  the  iron  be  rul>bed  in  this  way  over  the  copper, 
or  the  copper  over  the  iron.  Tlie  degr<>o  of  heat  evolved  in  either  of  the  metals  is, 
therefore,  without  influence  on  tho  rc«ult. 

Friction  of  Liquid^,— li  was  formerly  supposed  that  electricity  is  not  developed  by 
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the  friction  of  liquids  against  solid  bodies.  Subsequently,  however,  it  was  found  that 
liquids,  in  the  form  of  Terj  small  globules,  either  alone  or  mixed  with-  air,  yield  a  con- 
nderable  quantity  of  electricity  by  friction  against  solids ;  alcohol,  ether,  and  liquid 
resins,  projected  in  this  manner  against  rough  glass,  render  it  strongly  positive. 
Mercury  may  be  rendered  highly  electric  by  friction.  When  a  small  quantity  of 
mercury,  contained  in  a  foot-glass,  is  connected  by  an  iron  wire  with  a  gold-leaf  elec- 
tsoscope,  and  a  solid  bodjr,  such  as  a  glass  rod,  partially  immersed  in  it^  no  signs  of 
electric  excitement  are  manifested  during  the  immersion ;  but  on  gradually  withdrawing 
the  solid  body,  the  leaves  of  the  electroscope  diverge,  the  excitement  increasing  as  the 
solid  body  is  withdrawn,  and  reaching  its  maximum  at  the  moment  when  it  leaves  the 
mercury.  With  organic  substances,  such  as  papi-r,  linen,  wool,  woollen  cloth,  silk, 
sarcenet,  feathers,  and  felt^  the  mercury  takes  a  positive  charge ;  with  feathers  and 
felt,  when  very  diy,  it  sometimes  gives  sparks.  Most  mineral  substances  (<;.^.  rock- 
ajstal,  sulphur,  and  glass),  render  the  mercuiy  negative;  amber  and  sealing-wax 
give  it  a  strong  positive  charge. 

Very  large  quantities  of  electricity  are  developed  by  the  friction  of  water,  in  the  form 
of  minute  globules,  against  solid  bodies.  Steam  escaping  from  boilers  often  exhibitH 
positive,  and  the  boiler,  if  insulated,  negative  electricity.  If  one  hand,  or  a  plate  of 
metal,  or  a  bundle  of  wires  with  numerous  points,  be  held  in  the  stream  of  vapour,  and 
the  other  brought  near  the  boiler,  a  spark  ma^  be  obtained  from  the  boiler.  This 
effect^  accidentally  discovered  by  a  workman  m  Sir  William  Armstrong's  factory  at 
Sighill,  near  Newcastle,  was  carefully  investigated  by  the  latter  (Phil.  Mag.  [3]  xxiu  1), 
who  found  that  the  intensity  of  the  electric  charge  increased  with  the  pressure  of  the 
steam,  and  that  the  steam  was  in  most  cases  positive,  the  boiler  negative.  Armstrong 
attributed  the  electric  excitement  to  the  expansion  of  the  vapour ;  but  Faraday,  by  a 
very  careful  analysis  of  the  phenomenon  (Experimental  Researches^  ser.  18),  has  shown 
that  electricity  is  never  excited  by  the  passage  of  pure  steam,  and  is  manifested  only 
when  water  is  likewise  present  Hence  he  concludes  that  the  effect  is  altogether  due 
to  the  friction  of  tlie  globules  of  water  against  the  sides  of  the  opening,  or  against  the 
substances  opposed  to  its  passage,  as  the  water  is  rapidly  moved  onwards  by  the  current 
of  steam.  Accordingly,  it  is  found  to  be  increased  in  quantity  by  increasing  the 
pressure  and  impelling  force  of  the  st<>am.  The  immediate  effect  of  this  friction  is, 
m  all  cases,  to  render  the  steam  positive,  and  the  solid?,  whatever  they  might  be, 
negative.  A  wire  placed  in  the  current  of  steam  at  some  distance  from  the  orifice, 
exhibits  the  positive  electricity  acquired  by  the  steam,  of  which  it  is  then  merely  the 
recipient  and  conductor.  The  results  may  be  greatly  modified  by  the  shape,  nature, 
and  temperature  of  the  passages  through  which  the  steam  is  forced.  The  electric 
charge  is  greatly  increased  by  causing  the  jet  of  8t<>am  to  issue  from  a  tube  of  hard 
wood.  With  an  ivory  jet,  on  the  contrary,  very  little  electricity  is  produced.  Heat> 
by  preventing  the  condensation  of  the  steam  into  water,  likewise  prevents  the  evolution 
of  electricity,  which,  however,  speedily  appears  on  coolinp  the  passages,  so  as  to  restore 
the  water  which  is  necessary  for  the  production  of  that  effect.  The  phenomenon  of  the 
evolution  of  electricity  in  these  circumstances  is  dependent  also  on  the  quality  of  the 
fluid  in  motion,  more  especially  in  relation  to  its  conducting  power.  Water  will  not 
excite  electricity,  unless  it  be  pure :  the  addition  of  any  soluble  salt  or  acid,  even  in 
minute  quantity,  is  sufficient  to  destroy  this  property.  The  addition  of  oil  of  turpen- 
tine, on  the  contrary,  occasions  the  develo^meift  of  electricity  of  the  opposite  kind  to 
that  which  is  excit<A  by  water ;  each  particle  of  the  water  then  becomes  covered  with 
a  thin  film  of  oU,  so  that  the  friction  takes  place  only  between  that  external  film  and 
the  solids  along  whose  surface  the  globules  of  liquid  are  carried.  A  similar  but  more 
permanent  effect  is  produced  by  the  presence  of  olive-oil,  which  is  not,  like  oil  of  tur- 
pentine, subject  to  rapid  dissipation. 

Compressed  air,  wnen  pure  and  dry,  does  not  exhibit  any  sign  of  electricity  when 
issuing  from  an  orifice ;  but  if  damp,  it  acquires  positive  electricity,  and  renders  tho 
vessel  negative,  the  effect  being  due  to  the  particles  of  water  condensed  by  the  cold 
arising  from  the  sudden  expansion  of  the  air.  The  escaping  air  likewise  becomes  elec- 
tric if  it  is  impregnated  with  fine  dust  or  powder  of  any  kind.  Thus,  when  air,  con- 
taining finely  oivided  sulphur,  issues  from  a  mouth-piece  of  metal,  wood,  or  sulphur, 
the  air  acquires  +£*,  the  vessel  —E)  powdered  resmj  renders  the  vessel  negative  if 
the  mouth-piece  is  of  metal,  positive,  £f  it  is  of  wood ;  starch-powder  renders  wood 
negative ;  very  finely  divided  silica  imparts  -(-  £  to  metals  or  to  wood.  The  discharge 
of  a  dusty  air-gun  in  the  dark  is  attended  with  a  flash  of  light,  which  is  probably  due 
to  electricity  devebped  in  a  similar  manner. 

The  general  conclusion  to  be  drawn  from  the  experiments  above  described,  is  that 
electricity  is  excited  by  friction  between  two  solia  bodies,  or  between  a  solid  and  a 
liquid ;  but  that  the  friction  of  gases  against  solids  does  not  produce  any  development 
of  electricity. 
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The  electric  excitempnt  jremilting  fipom  the  &ietioii  ^^fwafflr  is  npplied  to  th»>  crm- 
itnietioB  of  an  ek*ctrical  mat^hine  of  greut  power,  citlli?(l  Ihtj  UYtHiO-EJLECrmc  m&ciiiDew  ' 
It  eonsistj  tsseotiaJly  of  a  cjiLndrical  boiler  a  {fig.  397),  a  sot  of  pscape^tubes  r,  partly  I 

eocloied  in  a  condenser  6,  and  J 
^*9-^^('  A   conductor  d.    The   boilep,  | 

vbicli  k  usually  about  \Bi 
inches  in  diumet^r  and  3(1  j 
inches  long,  id  heuted  by  an -I 
interior  fire*place  fed  witliJ 
charcoal ;  /  Ia  the  firedoor,  §\ 
the  chimney.  The  boiler 
supported  on  four  strong  gla 
legs  Vj  fixed  to  a  firame  vhidtl 
stands  on  suitors  u;  »  va  the? 
8afety-Talv6 ;  r  a  cock  iot\ 
letting  off  the  steam,  andf 
Betting  the  machine  in  ac*  I 
tion,  the  steam  first  passings  J 
into  the  tube  t  tiit'Oce  into  f 
tho  three  small  horizontal  J 
lubes  passing  through  thej 
condeDser  h^  and  issuing  byj 
the  mouth-pieces  c.  The  cou*  \ 
denser  h  contains  cold  waUT,  [ 
not,  however,  reacbing  tol 
the  level  of  tho  horiiEontaij 
tubes,  but  supplied  to  them  by  j 
cotton  wickfl  hung  over  tlicm,  ] 
and  dipping  into  the  wat4*r;.i 
the  Tvieka  thus  become  mois- 
tened by  rapillarity,  and  cool] 
the  tubes  just  sumcieatlj  to  ^ 
condeuiie  a  portion  of  tlis  j 
fit*am.  The  steam  which) 
formA  within  the  condenser  eacapes  into  the  chimney  hy  the  IuIm?  g\ 

The  conwtruction  ot  the  mouth-pk»eea  m  of  great  mipDi-tiince  \  in  fact,  tbo  power  i 
the  machini*  mainly  depends  uj^n  them.     Tlie  escapC'tubea  near  their  e,^tremitie«i  ar«1 
widened  in  the  form  of  a  cone  {Jig,  308),  and  within  this  cone  iu  introduced  a  piece  of  j 

hard  wood  p,  haTing  the  form  of  a  truncated  f 
cone,  the  smaller  base  of  which  is  joined  to  1 
the  piece  of  met^l  m.  The  current  of  vnp*jur 
ytrikinji  itpiimst  this  piece  of  metal  is  divide<l, 
aod  forced  to  enter   the    slit ;   where  it  is 
again  divided  and  pisses  into  the  tube  in 
the  axia  of  the  wooden  cone;  the  screw  ring 
n  serves  mereJy  to  keep  the  different  parts 
of  the  mouth-piece  together. 
As  the  steam  passes  tlirongh  the  condenser,  part  of  it  is  recloced  to  minute  drops  of 
water,  which  pasj*  on  with  the  ^teani,  and  it  is  by  the  friction  of  thes«  drops  of  water  f 
against  the  wood  that  the  eleetrieity  is  dt>veloped ;  in  fact,  the  dmpa  of  water  coitc-  I 
spoiid  to  the  rubber  of  an  ordinary  electrieal  machine,  the  wooden  mouth-piece  to  the  I 
plate  or  cylinder,  and  the  steam  is  merely  the  motive  power  serving  to  produce  rapid  I 
friction. 

The  steam,  as  it  issues  fi^m  the  tubes,  impingss  against  a  nmnher  of  metallic  points  j 
at  the  top  of  the  conductor  <f,  and  charges  the  conductor  with  +J5;  this  conductof  j 
is  inHubit*^d,  and  BparL*j  are  taken  from  the  ball  K. 

The  tube  .rv  serves  to  introduce  different  pulverulent  sul>stttnce8  into  the  course  of  1 
the  Bteam  in  order  to  study  their  influence  on  the  nature  of  the  electricity  developed.     ^ 

The  hydro-eiectric  machine  yields  birge  quantities  of  electricity,  and  of  very  high 
intensity*  A  gigantic  machine  of  this  kind,  exhibited  a  few  years  ago  at  the  Poly- 
technic Institution,  having  a  boiler  3|  feet  in  diameter  and  6J  feet  long,  chargetl  & 
battery  containing  36  square  feet  of  coated  surface  in  half  a  minute,  Ind  gave  spnrkf  1 
22  inches  long,  which  instantly  set  tire  to  tow  filled  with  jx>unded  resin,  and  to  a  heap  I 
of  wood'shaTiiigs, — effects  which,  with  the  ordinary  electrical  apparatus,  con  only  h# 
produced  by  the  discharge  of  u  large  jar. 

The  hydro-eW'tric  maeliino  is  not,  however,  rcfrj  well  adapted  for  general  use.    It 
cannot  bo  used  in  un  ordinary  apartment,  as,  besides  the  iuoonrenienee  of  the  fire,  it 
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is  necessary  to  provide  some  means  of  carrying  off  the  steam,  otherwise  the  atme- 
sphere  soon  becomes  quite  unfit  for  electrical  experiments.  Moreover,  to  get  up  the 
steam  to  the  required  pressure,  the  fire  must  be  kept  up  for  several  hours,  and  to  keep 
the  machine  in  a  proper  state  of  efficiency,  the  interior  must  be  cleansed  from  time  to 
time  by  heating  a  solution  of  potash  in  the  boiler,  blowing  it  through  the  tubes,  and 
then  washing  out  with  pure  water. 

2.  My  VreMore.  Friction  is  not  the  only  kind  of  mechanical  action  by  which 
electricity  may  be  developed;  indeed,  every  molecular  movement  of  a  solid  body, 
however  proauced,  appears  to  be  attended  with  a  disturbance  of  the  electric 
equilibrium. 

Solid  bodies  become  oppositely  electrified  when  merely  pressed  together  and  after- 
wards separated. 

When  two  parallel  faces,  natural  or  artificial,  of  a  mineral  are  pressed  between  the 
fingers,  the  mineral  frequently  becomes  electrical  on  these  surfaces,  generally  showing 
positive  electricity.  Calcspar  retains  the  electrici^  thus  developed  from  three  to 
eleven  days,  topaz  and  fluor-spar  several  hours,  mica  one  or  two  hours,  and  rock- 
crystal  for  a  shorter  time.  Talc  must  be  insulated  in  order  to  render  it  electrical ; 
heavy  spar  and  gypsum  are  not  sensibly  electrified  (Hauy^. — ^According  to  Becquerel, 
not  a  trace  of  electricity  is  perceptible  while  bodies  are  being  pressed  together ;  it  is 
not  till  they  are  separated  that  the  one  appears  positively,  the  other  negatively 
electrified.  A  slice  of  cork  becomes  positively  electrified  when  pressed  against  a  slice 
or  pUto  of  caoutchouc,  orange-peel,  rctinasphalt,  coal,  amber,  zinc,  copper,  silver, 
kyanite,  or  heated  double  refracting  spar,  these  substances  at  the  same  tima  becoming 
negative.  On  the  contrary,  the  slice  of  cork  becomes  negative  with  aJl  dry  animS 
substances,  with  heavy  spar,  gypsum  (which  must  be  freed  by  drying  from  hygroscopic 
water\  fiuor  spar,  and  double  refracting  spar,  not  heated, —  those  substances  at  the 
same  time  becoming  positive.  Two  gcK>d  conductors  pressed  together  exhibit,  when 
separated,  no  other  electricity  than  that  developed  by  mere  contact  Two  similar 
bodies  do  not  become  electrical  by  pressure,  unless  one  of  them  is  at  a  higher  tempera- 
ture than  the  other ;  and  then  the  hotter  body  always  becomes  negative,  the  colder 
positive.  The  strength  of  the  electricity  thus  developed  depends  upon  the  nature  of 
the  bodies,  the  state  of  their  surfaces,  the  intensity  of  pressure,  and  the  rapidity  of 
separation.  Cork  produces  more  electricity  with  calcspar,  when  the  pressure  is 
exerted  on  one  of  the  faces  parallel  to  the  cleavage-planes,  than  with  heavy  spar; 
with  the  latter  more  than  with  polished  rock-crystal,  and  with  this  more  than  with 
gypsum,  or  with  the  polished  surface  of  calcspar ;  and  when  pressure,  temperature, 
dryness,  and  polish  of  the  cleft  surfaces  are  equal  —  three  times  as  much  with  calc- 
spar as  with  gypsum.  The  intensity  of  the  electricity  varies  directly  as  the  pressure ; 
80  that  when  the  latter  is  doubled,  the  former  is  doubled  also.  Lastly,  if  the  two 
bodies  which  have  been  pressed  together  are  slowly  separated,  the  two  electricities 
have  time  to  reunite,  and  a  much  smaller  quantity  remains  in  the  free  state  after  the 
separation.  Bodies  rendered  electrical  by  pressure  retain  the  electricity  for  a  longer 
time,  in  proportion  as  their  insulating  or  non-conducting  power  is  greater. 

3.  Bjr  Cleaware  and  Separatton  of  Smikoefli.  When  two  laminse  of  a 
crystal  of  mica  are  suddenly  torn  asunder,  there  is  not  only  an  appearance  of  light 
produced,  but  one  lamina  becomes  positively,  the  other  negatively  electrified ;  if  again 
pressed  together  and  subsequently  separated,  they  again  appear  electrified.  Aho^ 
on  the  cleavage  of  calcspar,  fiuor-spar,  heavy  spar,  topaz,  talc,  and  dry  warmed 
gypsum,  and  on  tearing  a  playing-card  into  its  two  sheets,  the  separated  laminsa 
appear  oppositely  electrified.  In  topaz,  whose  cleavage  takes  place  parallel  to  the 
terminal  faces  of  the  prism,  the  cleft  surface  belonging  to  one  end  of  the  prism  exhibits 
sometimes  one  kind  of  electricity,  sometimes  the  other.  When  melted  shellac  is 
poured  upon  ^lass  and  pulled  off  after  cooling,  both  become  electrified.  Non- 
crystalline bodies,  such  as  sealing-wax  or  glass,  exhibit  no  electricity  when  broken. 

Two  sheets  of  paper  stick  fast  together  when  rubbed  with  india-rubber,  and,  on 
being  pulled  asunder,  appear  strongly  charged  with  opposite  electricities,  often  suffi- 
ciently to  give  sparks. 

The  electric  effects  obtained  in  the  solidification  of  fused  substances  depend,  like 
the  preceding,  on  a  disaggregation,  or  forcible  separation  of  particles.  When  melted 
sulphur  is  poured  into  a  short  class  vessel  of  conical  shape,  and,  a  glass  rod  is  inserted 
into  the  sulphur  before  it  solidifies,  no  electricity  is  apparent  so  long  as  the  sulphur 
remains  in  the  glass;  but  on  lifting  out  the  solid  cone  by  the  glass  handle,  the 
sulphur  exhibits  +  E^  the  inner  surface  of  the  vessel  —  E.  Similar  effects  are  exhibited 
by  chocolate  and  gladal  phosphoric  acid  when  melted  and  left  to  solidify  in  glass 
vessels.  The  development  of  electricity  in  these  cases  depends  on  the  separation  of 
the  two  mifacea  by  the  contraction  of  the  melted  mass ;  substances  which  expand  on 
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eooling,  like  fxuible  tnetol^  exhibit  oo  electricity  when  left  to  aoHdify  in  g^asi  Teflsek. 
Henop  Gay-Lus8iu!  coaduded^  that  the  cliABgo  of  fftate  from  the  liquid  to  the  solid  is  not 
a  diioet  soaice  of  electric  excit«menr>  but  merely  flfirvM  in  some  cases  to  produce  a 
molecular  disaggregation,  which  is  the  true  BOuroe  of  the  electricity.  If  sulphute  of 
oopper  and  potassium  be  brought  into  a  state  of  red-hot  fusion  in  a  platinum  cmcible, 
conueGted  by  a  ring  of  wire  on  which  it  reeta  with  a  Bohnenbe^cr^s  electroaoopt^ 
(p.  428),  and  then  left  to  cool,  no  eh^tricity  wlU  be  appiirent  during  the  cryatallisatioQ ; 
but  as  soon  as  the  crystalline  mass  begins  to  contract  with  an  audible  aecrepitation* 
and  faUe  to  pieces  CTadually  and  spontiuieously,  the  formation  of  each  new  fiiisiiro  ia 
accompanied  by  a  aevelopm en t  of  dectricity,  and  the  effect  goes  on  till  the  whole 
crumbles  to  dust  (Bottger,  Pogg.  Ann,  L  43.) 

4.  By  Vlbrattoii.  When  a  metal  rod  having  one  of  ita  ends  coated  with  resin,  ia 
made  to  »lide  through  an  insulated  metallic  ringj  so  that  Tibrations  may  be  produced 
in  the  metal,  and  commnnicated  to  the  resinous  coating,  the  rod  and  the  coating  both 
become  electrical ;  the  kind  of  electricity  developed  in  each  of  them  depending  on  the 
direction  in  which  the  rod  is  movetl  Wlien  the  rod  slides  through  the  ring  with  the 
covered  end  in  adTauce,  the  uncoated  portion  of  the  rod,  and  therefore  alao  the  inner 
aurfaee  of  the  resinous  coating,  becomes  negati?e:  the  outer  surface  of  the  couting  at 
tlie  same  time  becoming  positive,  as  may  be  shown  by  hanging  a  small  metal  ring  over 
itt  and  connecting  this  nng  by  a  thin  wire  with  a  delicate  gold-leaf  eJectro^cope,  On 
revaraing  the  moTemeiits,  the  electric  chargoa  are  likewise  reversed.  If  both  en^is  of 
the  rod  are  coated,  and  connected  in  like  manner  with  electroscopes,  they  exhibit 
opposite  electricities  at  each  movement  of  the  rod. 

Bifi'erent  metals  exhibit  this  effect  in  various  degrees;  hraas  and  silver  much  more 
stnu^y  than  iron  or  stoeL  The  effect  is  dno  to  the  longitudinal  vibration  pi:>3duce<l 
an  the  rod,  which  sets  the  jxirticlee  of  the  resinous  coating  also  in  vibratory  motion, 
and  ieemato  oaose  them  to  arrange  IhemBolves  in  a  polar  chain,  so  that  the  two  aur^ 
^oea  of  the  layer  exhibit  op|x>site  polarities.  That  it  is  not  due  to  mere  friction  is 
pfoved  by  the  feet,  tl^iat  tlie  direction  of  the  electric  polarity  remains  the  same  as  above 
when  the  ends  of  the  rod  are  coated  with  sulphur,  but  is  reversed  when  they  art^ 
covered  with  pi^^res  of  glass  tube;  it  is  likewise  unaltered  when  the  inner  surface  of 
the  ring  is  coated  with  various  substances.  When  rods  composed  entirely  of  resin, 
Bulphur,  or  gloss  are  used^  the  ejects  are  the  same  as  when  the  ends  of  a  metal  rod  are 
eoQted  with  these  substances ;  glass,  however,  becomes  much  more  strongly  excited  tlian 
rosin  or  sulphur,  because  it  ia  more  elastic  and  vibratea  better.  It  is  remarkable  that 
these  effects  are  produced  quite  as  strongly  in  a  vacuum  as  in  air*  (Volpicellt, 
Compt.  read,  xxxviii.,  16  Mai,  1864). 

When  the  ends  of  a  galvanometer  wire  are  connected  by  a  wire  composed  of  brass 
and  iron  soldered  together,  and  this  compound  wire  is  i^tretched  and  made  to  ribrdte 
so  as  to  give  out  a  musical  sound,  the  needle  is  immediately  deflected,  indicating  tha 
production  of  an  electric  current,  A  compound  bar  of  antimonr  and  bismuth  soldered 
together,  end  to  end,  25  centimetres  long,  10  mm.  wide  and  7  mm.  thick,  exhibits 
this  effect  very  strongly  when  connected  with  a  galvanometer,  and  struck  with  a 
piece  of  iron.  A  similar  effect  may  bo  obtained  i^nth  a  bar  of  a  single  metal,  iron, 
for  example,  one  portion  of  which  is  hard  and  crystalline,  the  other  soft  and  fibrous, 
{Bu]\iva.Ti,  Architrs  (TM^'iriciti.x,  480),  Ermann  {ibid,  r,  477)  has  also  shown 
that  when  different  metals  are  combined  together,  as  for  thermo-electric  couples  ^p.  412) 
and  rubbed  slightly  at  tho  point  of  contjict,  currents  are  produced  in  the  same  direction 
as  if  heat  were  applied.  The  effect  is  not,  however,  due  merely  to  heat  developed  by 
the  friction,  but  is  a  direct  result  of  the  vibratioD  or  molecular  disturbance  thence  re- 
sulting ;  for  the  current  shows  itself  the  instant  that  the  friction  commences,  and  cesses 
when  the  friction  is  disconUnued,  however  long  it  may  have  been  kept  ap. 

When  a  long  nnanncaled  copper  wire  supported  at  intervals  on  props,  is  connected 
with  a  galvanometer,  so  as  to  form  a  closed  circiiit,  and  one  pcairt  of  it  mised  or 
lowered,  and  then  released  so  as  to  throw  the  wire  into  vibration^  an  electric  current  is 
sometimes  produced.  If  the  needle  does  not  move,  it  is  probable  that  equal  and 
opposite  currents  are  produced  in  different  parts  of  the  wire  ;  in  that  case,  if  one  part 
01  the  wire  be  hardened  by  hammering  or  twisting,  and  the  movement  then  repeated, 
a  current  will  bn  produced.  These  ctirrents  are  not  due  to  the  inductive  action  of  Ihe 
e4Lrth's  magnetism ;  for  they  are  product^d  in  the  same  way  whether  the  wire  bo  place<l 
parallel  to  the  magnetic  meridian,  or  incbued  to  it  at  auy  angle  whatever.  (Peltier, 
Architfcs  ctElicir.  i.  145). 

It  appears  then  that  every  molecular  disturbance  taking  place  in  a  solid  body  is 
attendt»d  with  a  development  of  electricity.  Wliether  the  electric  polarity  thus 
produced  actually  consists  in  a  peculiar  arrtingeroent  of  the  molecules  of  the  body,  or 
in  particular  movements  imparted  to  th*^m,  or  arises  from  a  now  ammgemcnt  of  the 
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eleetrie  fluid  or  fluids  associated  with  them,  is  a  (jnestion  which  cannot  at  present 
be  answered.  Bat  the  whole  of  the  phenomena  just  described  appear  to  indicate 
that  the  electric  polarity,  whatever  it  may  be,  affects  each  separate  particle  of  the 
body.  We  may  suppose  indeed  that  the  separate  particles  of  bodies  are  always  in  a 
polmrised  condition ;  but  that  when  a  body  is  in  its  ordinary  state,  the  poles  of  the 
seTeral  particles  are  disposed  without  any  regular  order,  so  that  their  resultant  action 
on  any  external  i)article  is  nothing,  and  that  electric  excitement  consists  in  turning  all 
the  similar  poles  in  one  direction,— just  as  a  glass  tube  filled  with  steel-filings  acts  like 
a  bar-magnet  when  the  filings  are  all  regularly  magnetised,  but  loses  its  polaritj 
when  the  regularity  of  the  arrangement  is  disturbed  by  shaking.  The  opposite  elec- 
trisation exhibited  by  two  surfaces  of  a  crystalline  substance,  like  mica,  when  broken, 
may  be  compared  to  the  effect  of  breaking  a  bar-magnot  in  two,  and  seems  to  show 
that  the  opposite  polarities  of  the  particles  of  the  crystal  neutralise  each  other  when  in 
contact,  and  manifest  themseWes  when  separated.  The  comparison  must  not, 
however,  be  carried  too  far :  for  if  a  crystal  were  made  up  of  polarised  particles 
^mmetricfdly  arranged,  it  would  constantly  exhibit  opposite  polarities  at  its  two  ends. 
The  effect  of  motion,  in  allowing  the  particles  of  a  body  to  assume  the  symmetric 
arrangement  essential  to  electric  polarity,  is  strikingly  shown  by  the  expenments  of 
Yolpicelli  and  by  those  of  Sullivan  and  Ermann ;  the  latter  also  indicate  a  close 
connection  between  the  effect  of  mechanical  disturbance  and  that  of  heat,  which  we 
now  proceed  to  consider. 

Devslopmsnt  ov  Elbctbicttt  bt  Hhat. 

1.  In  Crystals  :  —  Pyro-electricity. — Many  crystals,  while  their  temperature  is 
rising  or  failing,  exhibit  contrary  electricities  at  their  opposite  ends,  those  extremities, 
or  poles,  which  are  positive  while  the  crystal  is  being  heated,  becoming  negative  while 
it  cools.  The  effect  is  altogether  dependent  on  change  of  temperature^  no  crystal 
exhibiting  any  electric  polarity  while  its  temperature  remains  constant. 

That  pole  o(  a  crystal  at  which  the  algebraic  sign  of  the  change  of  temperature  is 
the  same  as  that  of  the  electricity  developed  U.  g.  which  exhibits  +  E  while  the  tem- 
perature is  rising^  is  called  the  analogous  pole;  the  other,  the  antilogous  pole. 

The  electric  polarity  of  crystals  appears  to  be  essentially  related  to  hemihedi^,  and 
in  many  instances  to  the  non-superposible  hemihedry  exhibited  by  substances  which 
possess  the  power  of  circular  polarisation  (see  Crtstaixoqrapht,  p.  157).  It  was  first 
observed  in  the  tourmalin,  which  has  long  been  known  to  possess  the  power  of  attract- 
ing light  bodies  when  heated.  This  mineral  usually  crystallises  in  nine-sided  prisms 
of  the  hexagonal  system  (Jig.  399),  which  may  be  conceived  to  be  formed  from  the 

8P2 
triangular  prism  -^r-  (CnYSTALLOORApnT,  p.  143)  having  each  of  its  edges  bevelled 

by  two  small  prismatic  faces,  and  acuminated  at  both  ends  by  three  rhombohedral 
faces  (denoted  by  P  in  the  figure),  which  at  one  eud,  a,  are  set 
upon  the  faces  of  the  triangular  prism,  and  at  the  other  end,  6, 
on  its  edges.     The  end  a  is  the  analogue  pole,  becoming  posi- 
tive when  the  crystal  is  heated,  negative  as  it  cools. 

The  manifestation  of  electric  polarity  in  the  tourmalin  is  con- 
fined within  certain  limits  of  temperature,  mostly  between  10° 
and  160®  C. ;  these  limits  vaiy,  however,  according  to  the  length 
of  the  crystal 

A  heated  crystal  of  tourmalin  suspended  by  its  centre  may 
be  attracted  and  repelled  by  electrified  bodies,  just  as  a  mag- 
netic neetUe  is  attracted  and  repelled  by  other  magnets ;  it  fur- 
ther resembles  a  maraet  in  this  respect,  that  on  breaking  it 
aerofli^  while  still  in  ue  electrically  polarised  state,  each  of  the 
fragments  is  found  to  have  a  positive  and  a  negative  pole,  show- 
ing that  the  electric  polarisation  affects  each  individual  ^tide, 
and  that  in  the  excited  crystal  all  the  particles  have  their  poles 
symmetrically  disposed. 

In  most  crystals,  the  electric  polarity  is  much  less  powerful 
than  in  the  tourmalin,  and  in  some  cases  can  only  be  detectt^i 
by  the  use  of  a  delicate  electroscope ;  but  the  general  laws  affect- 
ing it  are  the  same  in  alL 

laboracite,  which  crystallises  in  the  form  odOoo.  -   {fig.  400),  the  four  cubic 

summits  which  are  truncated  by  shining  tetrahedral  faces,  are  antilogous  poles ;  the 
other  four,  which  are  either  not  truncated  at  aU,  as  in  the  figure,  or  truncated  by  dull 
tetrahedral  faces,  are  analogous  poles.    Silicate  of  sine,  or  siliceous  calamine,  which 
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IB  uiuymmctricat  at  tho  end!  of  the  prtneipal  Axidp  bus  an  analogous  p4>lo  at  tbe  end 
which  iflnppermoet  in  llgaro  IH  (p.  714,  vol  I),  antilogoua  at  the  lower  extremitj. 


Fig.  400. 


Fig.  40L 


V: 


Can  p-Bu  gar,  which  cry  sfalliaes  in  the  fonn   sBown   fn   fl^re  401,  oft  on  become 
hewilhednil  from  dt^ficiency  of  the  faces  [Poo  ]  at  on©  extremity  of  the  orthodiagtJiijUlpI 
while  they  ttre  present  at  the  other.     According  to  Hankol,  the  ond  at  which  tho 
foeos  tire  wanting  is  an  analogoua  pole,  the  oppositt?  oxtromity  tm  antilogous  pole. 

Brazilijin  topaz  becomea  electrical  when  heated^   the  Siberian  Tarifty  alight Ij^ " 
the  Saxon  not  at  all     On  li^^titing  the  two  former  varieties,  —E  appears  at  both  enda 
of  the  crystal,  and  +  ^  on  all  the  lateral  faces. 

Pyro-electricity  is  likewise  exhibited  by  the  following  cryatallised  bodies,  all  of 
which  are  hemihedral ;  axinit^,  prehniti*,  aphene,  mesotype,  skolwsite,  mefloIit«\ 
rhodizite,  rock-cryBtal,  amethyst,  tartaric  acid,  neutral  potassic  tartratf"^  Rocholle  saltJ 
afid  in  a  slight  degree  by  miik-sui^ar  (Ohl  L  319)*  According  toBrewster  (Pop:ail 
Ann.  ii  30lX  many  cryst^ils  not  hetnihednd  are  nerertholess  pyro-olftctric,  r\z,  diamuu^  I 
Bttlphur,  Btilphat^e  of  ammonium,  carbon ato  of  potassium,  chlorate  of  potAS5ium,  hejivyj 
spar,  cffileatin,  ealcBpar,  fluorspar,  sulphate  of  magnesium,  sulphate  of  magnesium  and! 
podium,  beryl,  iolite,  diopside,  vesuvian,  garnet  analcimei,  red  orpiment,  cerusit^j^l 
green  vitriol,  ferrocyanide  of  potassium,  corrosive  subHrnat*,  oxalate  of  ammo£iiufii,4 
citric  acid,  and  acetate  of  lead.  Since,  however,  Brewster  merely  eismiued  whether  J 
theiie  bodies  exliibited  signs  of  electric  eiciteuient  ai^er  being  heated  in  a  flame,—! 
an  effect  which  might  proceed  from  viirioiis  ca'asca,- — the  correctness  of  his  statement  itl 
doubted  by  Hank^l,  who  examined  moat  of  the^e  substances,  and  found  no  Figns  of] 
cryatal-dectricity  in  them.  At  all  events,  it  is  certain  that  electric  polarity*  ia  mucb/ 
raoTB  fftzongly  03thibited  by  hemihedral  than  by  holohedral  crystals. 

2.  In  Qi>od  Ckmductora:  —  Thermo- electricitf/. —  When  one  part  of  a  metallic' 
circuit  is  more  Btronglj  heated  than  the  rest,  an  electric  current  is  cxdted  in  it  under  i 
the  following  drcnmstances : 

a.  When  tho  drcttit  consists  of  two  metalsji  and  one  of  the  pcdnt*  of  jonction  ii 
heated. 

k  When  it  ce^nsista  of  a  single  metal,  aud  the  heating  which  takes  place  at  a  J 
particnlar  part  diminishes  more  rapidly  on  one  side  than  on  the  other. 

a.  With  two  Mitah. — When  two  pieces  of  different  metals  cnnnectcd  with  ft] 
galvanometer,  are  uniti*d  by  soldering  or  by  intimate  contact,  an  electric  cunent  if 
«et  up,  as  eoon  aa  the  point  of  junction  is  brought  to  a  t-emperature  different  (cither 
higher  or  lower)  from  that  of  the  rest  of  the  circuit.  (Seebeck,)  The  strength  of  the 
current  appears  to  be  in  direct  proportion  to  the  diff*erenco  of  temperature,  iti 
direction  depends  upon  the  nature  of  the  metals  employed*  The  metals  may  he 
arranged  in  a  thermo-eUctric  series^  such,  that  each  metal,  when  connected  with  the 
one  on  its  left  hand,  transmits  negative  electricity,  and  when  connected  with  that  on 
its  right  hand,  positive  electricity »  from  its  heated  point  to  the  galvanometer, —  th* 
point  of  juQctioD  being  supposed  to  bo  heated, —  itnd  vicf  versti  when  it  is  cooled. 
The  strongest  current  is  pn^duced  hy  a  circuit  of  bismuth  and  antiiaony,  these  metahl 
standing  at  theextFemitiosof  the  sf^ries. 

According  to  Yelin,  the  order  is ;  BUmuth^  sUpcr^  platinum,  eoppeff  ffold^  Hn^  kad^ 
-— riJi^j  frwi,  antimonif. 

According  to  Bccquerelr  Bismuth^  platinum^  kad^  tin^  goid,  silver^  copper,^* tine, 
trow,  antimonf/. 

According  to  Gumming :  Galena^  bismuth,  mtrcurt/  and  7iichl,  phtimtm,  paftadium, 
cobtdt,  sUtftr  aUoyed  mth  copper  and  manganese^  tin,  itad^  brass,  rhodium^  t/otd, 
eopptTt  osmium^irtdium,  silver, — rtnc,  chartonl^  graphitf,  f«wi,  arsente^  mUimon^,  8e« 
aido  MatthieBBOQ  (Proc  Boy.  Soc  ix.  96). 
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The  word  "  and  "  in  this  table  is  placed  between  two  metals  of  equal  thermo-electrio 
power.  The  dash  separates  the  thermo-positive  from  the  thermo-negative  metals  (see 
below).  The  discrepancies  in  the  statements  of  different  experimenters  induce  the 
supposition  that  the  direction  of  the  current  is  affected  by  impurities  in  the  metala, 
and  Taries  with  the  difference  of  temperature.  That  the  latter  may  really  be  the 
caae,  will  appear  from  the  following : 

When  iron  is  moderately  heated  in  contact  with  copper,  silver,  gold,  brass,  or  zinc, 
positiTe  electricity  proceeds  from  the  iron  through  the  galvanometer  to  the  copper,  &c, 
but  when  the  heat  is  stronger,  from  the  copper,  &c,  to  the  iron  (Gumming).  The 
reversal  of  the  direction  of  the  current  takes  place  at  a  dull  red  heat,  when  copper 
and  iron  are  the  metals  employed  (Becquerel).  Zinc  and  gold  produce  at  70^  C. 
a  feeble  current  which  passes  from  the  zinc  through  the  galvanometer  to  the  gold ;  at 
150^,  this  current  ceases ;  at  180^,  an  opposite  current  sets  in,  and  becomes  very  strong 
at  275^.  On  the  contrary,  with  zinc  and  silver  at  a  low  temperature,  positive 
electricity  passes  from  the  silver  through  the  galvanometer  to  the  zinc.  This 
current  attains  its  greatest  strength  at  120°  C,  diminishes  at  a  higher  temperature, 
ceases  at  225^,  and  is  reversed  at  still  higher  temperatures.     (BecquereL) 

The  farther  two  metals  are  separated  in  the  thermo-electric  series,  and  the  higher 
the  temperature  at  the  point  of  junction,  the  stronger  is  the  current ;  but  it  is  always 
small  in  quantity  and  of  very  feeble  tension. 

By  combining  a  number  of  thermo-electric  pairs  into  a  thermo-electric  battery^ 
ckaitif  or  pikf  a  powerful  thermo-electric  current  may  be  obtained :  e.g.  a  number  of 
bars  of  biamuth  and  antimony,  or  of  platinum  and  iron,  alternately  soMered  together 

Fiff,  402.  Fig,  403. 


{figs,  402, 403),  and  heat  applied  to  the  first,  third,  fifth,  &c,  points  of  junction,  whilst 
the  second,  fourth,  &c.,  are  kept  cold.  In  this  manner  the  thermo-electric  current 
produces,  not  only  defiection  of  the  needle,  but  likewise  chemical  discomposition  of 
liquids  (Botto,  Popg.  Ann.  xxviiL  238),  and  heating  effects,  so  that  even  when  one  of 
the  conducting  wires  of  the  battery  is  cooled  by  immersion  in  ice,  the  point  of 
junction  of  that  wire  situated  without  the  ice  becomes  sensibly  warmed  (Watkins, 
PhiL  Mag.  [3]  xiv.  82 ;  also  Pogg.  Ann.  xlvi.  497).  Melloni*s  Thermo-multiplier,  or 
Tkermoscopej  is  a  pile  formed  in  this  manner  of  bars  of  bismuth  and  antimony,  and 
connected  with  a  galvanometer.  The  rays  of  heat  Ml  on  the  first,  third,  fifth,  &c, 
points  of  junction,  whilst  the  second,  fourth,  &c.,  are  kept  cool.  The  smallest  dif- 
ference of  temperature  between  the  two  sets  of  junctions  sufRces  to  produce  deviation 
of  the  needle. 

b.  With  one  Metal. —  A  metallic  wire  connected  with  the  two  ends  of  a  galvano- 
meter gives  no  electric  current  when  heated  in  the  middle :  but  when  each  end  of  the 
galvanometer  is  connected  with  a  wire,  and  the  end  of  one  of  the  wires  is  heated  and 
then  quickly  pressed  on  the  cold  end  of  the  other,  an  electric  current  becomes  manifest 
by  the  deflection  of  the  needle  of  the  galvanometer.  The  direction  and  strength  of 
this  current  vary  with  the  nature  of  the  metal  employed.  In  the  so-called  thtTmo- 
positive  tnetalSf  bismuth,  platinum,  gold,  silver,  copper,  tin,  lead,  &C.,  the  positive 
electricity  goes  from  the  cold  piece  of  metal  tlirou^h  the  galvanometer  to  the  hot 
piece ;  in  the  ihermo-negative  metals^  zinc,  iron,  antimony,  &c.,  from  the  hot  to  the 
cold  end.  The  more  one  end  is  heated,  the  stronger  is  the  current  According 
to  Yelin,  bismuth  produces  the  strongest  current  with  a  given  degree  of  heating ;  then 
follows  antimony,  then  zinc,  silver,  platinum,  copper,  brass,  gold,  tin,  and  lastly  lead ; 
but,  according  to  Nobili,  this  order  is  correct  for  certain  temperatures  only. 

A  simple  platinum  wire  connected  with  a  galvanometer  also  produces  a  current  when 
heated,  if  it  be  tied  in  a  knot  at  one  point  and  heated  near  the  Knot ;  because  the  moro 
rapid  cooling  through  the  knot  causes  imcqual  distribution  of  heat  on  the  two  sides ; 
the  positive  electricity  proceeds  from  the  knot  through  the  galvanometer  to  the  heated 
part  Two  copper  wires  do  not  produce  so  strong  a  current  when  clean  as  they  do 
when  covered  with  oxide  or  with  a  thin  film  of  silver  or  gold,  because  the  covering 
hinders  the  communication  of  heat  to  the  cold  end,  and  consequently  ^  interferes  with 
its  uniform  distribution  (Becquerel).  Mercury  is  not  thermo-electric,  according  to 
Mattanoci  and  Do  la  Bive ;  very  slightly,  according  to  Peltier. 
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DsvxLOFUBKT  OF  Elbctricity  BY  Cmkmical  Action — Galvaxic  OB 
V01.TJIIC  Electjucity, 

Chpinic?il  action  m  iilways  aocoroptmied  by  n  difiturbtiocc  of  the  equilibrium  between  I 
the  moheulcw  of  a  body,  and  may  thertfon^  bo  pjj»ec.t<jd  to  give  riso  to  ekftric  exclt^^l 
meut  It  is,  in  fiict,  tlic  moat  powerful  of  all  cauaes  of  filectrie  action,  though  it  do*« 
not  appear  to  be  so  in  all  cafle&T  beenuae  the  opposite  elc*tlricitJea  rocombiQe,  for  iho 
roost  paj%  as  fiust  as  tliey  are  SL-panitod,  unlesa  partietdar  arrimgcmenta  ure  mu^du  to 
prevent  such  reeombinatiou.  In  f^ict,  in  this,  as  in  othor  modes  of  development,  iJio 
quantity  of  Dlettricity  which  becomes  appan^nt,  g^neraJly  forms  but  a  smiill  portion  of 
that  which  i»  actitally  set  fri^e. 

The  development  of  dwctiicity  by  ehemical  action  will  be  cornddered  under  thi* 
following  heads: 

L  Between  a  liquid  itnd  a  solid. 

2.  Bi^tween  two  liquids* 

3.  Bctwieen  &  ^  imd  a  liquid  or  solid. 

4.  By  combuation. 

Of  tha^  the  first  is  the  most  import&Dt,  as  it  is  that  which  forms  the  basis  of  th#l 
wdinwry  Toltoic  battery. 

L  DcvdopTnad  of  Electricity  h^  the  Chemical  action  of  Liquids  on  Solids. 
VoLTAJc  Batteky. 

When  a  metallic  capinle  cont^dning  a  conducting:  liquid,  vir.  water  or  any  aqneotivl 
wolution,  is  placed  on  the  cap  of  a  delicate  condensing  t^-lectroscope  (p,  386)v  and  a  picottl 
yf  another  metal  hdd  l>etweeu  the  fingers  is  immersed  in  the  liquitt   wiUiout  touching  1 
the  capsu^l*\  the  leaves  of  the  electrcH»eope  diverge  with  +  k'  or  -  E  according  to  tiie  J 
nature  of  the  metala  and  of  the  liquid  interposed  between  them.     1£  the  capsule  i«  ofl 
i>btinam,  the  electroaeope  abows  tliat  it  has  taken  a  chai^  of  +15',  whatever  ma j  ] 
be  the  nature  of  the  liquid  and  of  the  metal  dipped  into  it.     A  copper  capsule  on ' 
the  other  hand  becomes  positive  or  negative,  according  as  the  metal  dipped  into  th&  ] 
liquid  is  more  or  less  attacked  by  that  liquid  than  the  copper  capsule  itself     The  J 
result  iQ  tUI  cases  resolves  itself  into  this,  that  when  a  metul  w  acted  upon  by  a  liquid,  ( 
the  metal   becomes    charged   with  -  E,  the  liquid  with  +  E,      Thus,  when  Kiuc  m  I 
plunged  into  watt^r  contained  in  a  platinum  capsule,  the  sine  takes  —E,  which  passe*  | 
into  the  ground,  and  the  +  E  taken  up  by  the  water  is  tnmafiiSTed  to  the  ca|^*siUe  and  [ 
thence  to  the  upper  plate  of  the  condenser ;  consequently  tho  gold  leaves  connects  d 
with  the  lower  plate  exhibit  a  negative  charge.    Similarly  with  zinc,  water,  and  copp<'r. 
If,  on  the  other  litiiid,  a  piece  of  platiuum  or  gold  ia  plunged  into  nitric  ndd  coutaixied 
in  a  copper  capsule,  the  copper  becomes  negative  and  the  leave*  of  the  elwtrosc^ope 
diverge  with  +K     If  both  metals  are  attacked  by  tho  liquid,  the  charge  of  the  con- 
denser is  that  which  remilts  from  the  difference  of  the  two  actions. 

The  effects  juet  de»eribcd  are  exactly  tJie  same  whether  the  metallic  capsule  and 
the  plate  of  the  condcu'ier  on  whidi  it  reals  are  formed  of  the  same  or  of  different 
metals  ,  they  cannot  therefore  be  due,  as  is  sometiiiiefl  supposed,  to  electricity  developed 
by  the  contact  of  disj?imikr  metals;  in  fact,  us  already  ocienred,  the  kind  of  eloctrieity 
taken  up  by  the  capside  rlepends  altogither  on  the  reaction  which  tnktm  place  between 
tlio  two  me*taJ«  and  tlie  liquid.  Mon-over,  it  has  been  distinctly  shomTi  by  De  la  Rive 
and  others,  that  contact  of  dissimilar  metals  is  not  accompanied  by  devclopmeot  of  | 
electricity,  nnlfs^  one  of  the  metala  is  at  th©  same  time  chemic«lly  acted  upon  by  tho 
moiitture  of  the  air,  or  by  some  other  liquid.  See  De  la  Riro  (IVatt^,  ii.  773-787)« 
and  Wiedemann  (2>i>  Lfhrf  fw/i  Gahmniinnus  imd  ElectronmffnHismua,  i.  17)» 

The  signs  of  electric  tension,  exhibited  by  the  arrangements  abore  described  are 
feeble,    even   when   the    chemical   action   is   highly  energetic,  flnd   require   a  very 
delicate  eleL'troseope  to  ixmder  them  visible.     The  cause  of  this  apparent  anomaly  i« 
that,  the  metal  and  the  liquid  which  act  upon  it  Wing  Ijoth  conductors  and  remaining  ^ 
in  contact,  the  greater  part  of  the  opposite  ekctri cities  reeombine  as  fast  as  they  ara  j 
separatetL     Aocordinglv,  the  electric  tension  may  be  greatly  increased  by  eaustug  thai 
liquid  to  evaporate  at  the  in«$tant  that  tho  chemical  action  takes  place.     Thus,  when  a  i 
capsule  of  any  oxidisable  metal,  copptT,  zinc,  or  iron  for  example,  is  strongly  heatet!, 
then  laid  on   the  plate  of  the   electroftcope,  and  a  few  drops  of  water  either  pure  or  j 
slightly  acidulated  poured  into  it,  the  liquid  attaeka  the  hot  metal  andTaporises  at  tha  i 
same  time ;  consequently  tJie  +  ^  is  carried  oW  by  tlie  vapour  and  cannot  reunite  with,  j 
Ihe-li',  which  therefore  puiifses  into  the  electroscope,  and  produces  a  strong  diverg^'uce  { 
of  the  gfdd4cave8,  even  without  thf>  aid  of  a  eondenser.     If  tho  quantity  of  water  im- 
troduciK:l  is  too  great  to  be  coiiq»lutely  vajioriivod,  scarcely  any  divergence  is  produced, 
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because  the  two  electricitieB  can  then  reunite,  the  +  £  not  being  carried  ofif  by  the 
▼apoor. 

The  development  of  electricity  in  this  manner  was  observed  by  Volta  and  De  Sana- 
Buie,  who  ascribed  it»  not  to  cnemical  action,  but  to  the  vaporisation  of  the  liquid. 
But  it  is  easy  to  show  that  this  view  is  not  correct :  for  if  a  clean  platinum  capsule 
strongly  heated  be  laid  on  the  cap  of  the  electroscope,  and  a  few  drops  of  water  or  any 
other  Uquid  which  neither  acts  upon  the  platinum  nor  is  decomposed  by  the  heat,  be 
thrown  into  it,  no  signs  of  electricity  are  manifested.  It  is  necessary,  however,  to 
use  a  shallow  capsule  with  the  lip  not  turning  inwards ;  otherwise  electricity  may  be 
developed  by  the  friction  of  little  globules  of  water  carried  away  by  the  steam  against 
its  sides  (p.  407).  If  the  water  contains  any  salt  in  solution,  electricity  will  he  de- 
veloped by  the  separation  of  the  water  from  the  salt 

The  development  of  electricity  by  the  oxidation  of  a  metal  may  likewise  be  shown 
without  the  aid  of  heat.  If  a  small  piece  of  potassium  be  spread  on  the  bottom  of  a 
platinum  capsule  connected  with  a  condenser,  a  drop  of  water  let  fall  on  the  potassium, 
and  the  plate  of  the  condenser  lifted  up  as  soon  as  the  hydrogen-flame  produced  by 
the  decomposition  of  the  water  has  ceased,  the  electroscope  gives  signs  of  electricity, 
showing  that  the  capsule  has  been  charged  with  —E^  the  +E 
h^ing  been  earned  away  by  the  hvdrogen  and  aqueous  vapour  Fiff,  404. 

evolv^. 

The  electricity  developed  by  chemical  action  may  be  made  to 
show  itself  in  the  dynamic,  much  more  easily  than  in  the  static 
form.  When  a  plate  of  zinc  and  a  plate  of  platinum  are  immersed 
in  dilute  sulphuric  acid  and  connected  outside  the  liquid  by  a 
wire  (Ji^,  404),  a  current  of  electricity  is  immediately  set  up, 
continuing  as  long  as  the  conducting  circuit  is  complete  and  the 
action  of  the  acid  on  the  zinc  goes  on.  This  may  be  shown  by 
placing  a  magnetic  needle  near  any  part  of  the  connecting  wire ; 
the  needle  is  then  deflected,  tending  to  place  itself  at  right 
angles  to  the  wire ;  and  the  position  of  its  poles  shows  that  the 
current  of  +E  passes  from  the  zinc  through  the  liquid  to  the 
platinum  and  thence  through  the  wire  to  the  zinc,  as  indicated 
by  the  arrow  in  the  flgure,  this  direction  being  in  accordance 
with  the  char^:ing  of  the  condenser  by  an  arrangement  of  zinc, 
add,  and  platinum  as  before  described  (p.  414). 

The  greater  facility  with  which  the  electricity  thus  developed  shows  itself  in  the 
form  of  a  current  is  easily  explained.  The  +  E  taken  up  by  the  liquid  and  thence 
transferred  to  the  platinum,  can  unite  with  the  —Eoi  the  zinc  in  two  ways,  either 
through  the  liquid,  or  through  the  connecting  wire,  and  as  the  latter  possesses  greater 
conducting  power  than  the  liquid,  the  greater  part  of  the  opposite  electricities 
recombine  along  the  wire ;  whereas  if  the  one  or  both  of  the  plates  are  insulated,  as 
when  the  arrangement  is  made  to  charge  an  electroscope,  they  recombine  through  the 
liquid,  and  only  very  small  quantities  show  themselves  on  the  plates  in  the  state  of 
tension.- 

The  system  of  two  dissimilar  metals  immersed  in  a  liquid  which  acts  on  one  of  them 
is  called  a  Galvanic  or  Voltaic  Couple.  Its  peculiar  powers  were  first  observed  by 
Galvani,  who  found  that  the  hind  legs  of  a  frog  touched  in  different  parts  by  a  copper 
and  an  iron  wire  in  contact  with  each  other,  were  thrown  into  convulsions.  Galvani 
did  not  however  notice  the  necessity  of  ha\'ing  two  metals  to  produce  the  effect ;  this 
most  important  point  was  discovered  by  Volta,  wlio  attributed  the  effect  to  electricity 
develop^  by  the  contact  of  the  dissimilar  metals,  and  by  theoretical  considerations 
founde^l  thereon,  was  led  to  the  invention  of  the  pile  or  battery  which  bears  his  name. 
We  now  know  that  the  electricity  in  Galvani's  experiment  was  developed,  not  by  the 
contact  of  the  metals,  but  by  the  chemical  action  of  the  moisture  on  the  fro^s  leg  on 
one  of  the  metals,  viz.  the  iron.  The  necessity  of  having  two  metals  in  this  or  any 
similar  arrangement  is  obvious ;  for  if  two  plates  of  the  same  metal  were  immersed  in 
a  liquid,  and  connected  by  a  wire  outside,  they  would  tend  to  produce  equal  and 
opposite  currents,  and  no  electricity  would  be  apparent. 

Of  the  two  metals  in  a  voltaic  couple,  that  which  is  most  attacked  by  the  liquid  is 
called  the  positive,  the  other  the  negative  metal.  It  must  be  remembered,  how- 
ever, that  it  is  the  inactive  metal  from  which  the  current  of  +  E  passes  into  the  con- 
ducting wire,  and  that  this  metal,  though  called  negative,  really  corresponds,  in  its 
relations  to  the  external  conducting  channel,  with  the  positive  conductor  of  the  elec- 
trical machine,  or  the  positive  surface  of  a  coated  plate.  The  term  positive,  as 
api^ed  to  one  of  the  metals  of  a  couple,  must  bo  understood  ais  denoting  tliat  which 
determines  the  direction  of  the  current     The  following  experiments  will  sliow  that 
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the  direction  of  the  carrent  is  really  determined  in  thia  manner,  and  therefbte  thitt  it 
owes  ita  origin  to  chezaicnl  action : 

When  two  plat^  one  of  gold  and  the  other  of  platinum,  are  connected  with  a  deH<^U« 
galTanometer  and  iouneraed  in  pnre  nitric  acid,  no  current  is  produced ;  but  on  adding  a 
drop  of  hydrochloric  acid,  a  atrong  current  la  eicited,  f>roceeding  from  th^  gold  through 
the  liquid  towards  the  platiuumf  because  the  gold  is  at  tricked  by  the  uitro-hydrochlorio 
acid,  while  the  pbtinura  is  much  Icsa  acted  on,  if  at  all  (D  e  1  a  R  i  v  e).  Wlit^n  two  gold 
wires  coniieeU-d  with  the  ends  of  a  galvanometer  coil  are  imraorscd  in  pure  nitric  acid, 
no  current  ia  produced ;  but  on  adding  a  amall  quantity  of  hydrocMoric  acid  to  the 
Toai  of  the  Ucjuid  near  one  of  the  wires,  a  current  la  set  up  &om  that  wire  Ihrough  the 
Uquid  to  the  other  (Becquerel).  In  like  manner  a  couple  formed  of  plAtimmi  and 
palladium,  which  is  inactive  in  dilute  sulphuric  acid,  bectimes  active  on  adtling  a  few 
drops  of  nitric  acid,  which  produces  an  acticju  on  the  palladium  and  renders  it  poaitiTe; 
similarly,  a  couple  of  rhodium  and  platinum^  inactive  in  nitric  acid,  becomea  active  on 
addition  of  hydjochloric  acid,  the  platinum  being  then  attacked,     (Be  la  Hire.) 

Moreover,  the  direction  of  the  current  in  a  voltaic  couple  is  in  many  c^see  revprsed 
on  changing  the  liquid  in  which  the  metala  are  immersed.  Let  a  copper  plate  or  wire 
be  attached  to  one  end  of  the  coil  of  a  gjalvanometer,  and  an  iron  plate  or  wire  to  the 
other  cndt  and  the  plates  immersed  In  dilate  sulphuric  acid;  the  ^vanometer  needle 
will  indicat(»  a  current  proceeding  from  ,the  iron  through  the  liquid  to  the  copper, 
becaufic  tbe  iron  is  attacked  by  tlio  acid  and  the  copper  is  tioL  Now  let  the  plates  be 
taken  out  of  the  acid,  washed  in  wat^r,  and  then  immersed  in  an  aqueous  solution  of 
sulphide  of  potassium  ;  the  needle  will  immediately  move  the  contrary  way,  showing 
that  the  current  is  reversed,  and  that  the  copper  is  now  the  positive  metal* 

Mere  dilution  of  the  liquid  is  sometimes  sufBcient  to  reverse  the  current  The 
following  table  contains  two  columns  id  which  the  same  metala  are  written  one  above 
the  other,  in  such  order  that  each  metal  is  positive,  or  dcterminea  the  direclion  of  the 
current,  with  all  tliose  which  precede  it  in  the  same  column,  the  exciting  liquid  being 
strong  nitric  acid  for  the  metals  in  the  first  column  and  dilute  nitric  acid  for  tho««e  ia 
the  second.  It  will  be  seen  that  the  ordej  of  the  metaU  ia  not  the  same  in  the  tuo 
columns,  but  in  alli^sea  the  direction  of  the  current  is  determined  by  the  metal  which 
in  moit  attacked :  — 


Strong  Nitric  Acid. 

Oxidised  iron 

Silver 

Mercury 

Lead 

Copper 

Iron 

Zinc 

Tin. 


Dilute  Niiric  Acid. 

Silver 

Co|>per 

Oxidised  iron 

Iron 

Lead 

HercuTT 

Tin 

Zine. 


The  next  table  gives  the  results  of  Faraday's  experiments  with  seven  different 
Bqaidfl.  It  is  aminaed  like  the  preceding,  each  metal  being  positive  with  rt*gard  to 
all  those  above  it  when  acted  upon  by  the  liquid  at  the  heiid  of  the  column.  Tht* 
numbers  in  each  column  indicate  the  order  in  which  the  metals  follow  each  other  wlwu 
the  exciting  liquid  is  a  dilute  add  : 


4Uute. 

Snliihtiric 

HjdrochlflTJc 
acid. 

Nitric  Mcld, 
coDcentrjited. 

SoluLion  of 
uiutic 
poUih. 

Sidphydrxte 

orpouiiium. 

colourioii. 

SuiphydfiMe 
colowwi. 

1.  SIKw 

t.Mlfer 

3*  Antimnnj 

Si,  Nkkcl 

1.  SllT*r 

£,  Iron 

<!,  Iron 

».  Copper 

5.  Copper 

1,  >;j]»*.r 

I.  SiWer 

ft.  Nickei 

f».  Nirkri 

^  Nickel 

3.  Antim^ni^ 

3.  Antimony 

A.  Nickel 

3.  Antlmonjr 

a.  rr>pp«r 

4.  Qjsnmtli 

1  Bismuth 

*.  BUmatli 

i.  Biimtith 

4.  Uiimtith 

2.  Copper 

6.  IroM 

«.  L*?id        i 

a^AnlittionjP 

ft.  Kick«l 

b,  NIckul 

2.  Copper 

4.  BUmuth 

4.  liiiniulb 

1.  Silr*T 

e.  Iron 

6.  Iron 

6.  Iron 

6.  Iron 

8.  I^*d 

a>  Anllmohy 

I,  Silrer 

7.  Tin 

KU-mi 

S.  Lirtul 

7.  Tfn 

i»  AntiiTiony 

7.  Tin         ' 

7.  T}n 

a.I.ead 

f.  Tin 

7.  Tin 

fl   L^wd 

&.  Cadmium 

a.  Copp«r 

9.  CadmiuTD 

a.  Cadmium 

%  G«(tnilutn 

'J.  CadrniuTn 

10.  Zinc 

7.  Tin 

tl>.  Zinr 

2,  C^pix^r 

lOi  Zinc 

10.  Zinc 

10,  Zkic 

9.  C*dmium 

UK  Zinc 

9.  Cadmium 

10.  Ztuc 

The  unTarying  relation  between  the  rliroction  of  the  current  and  the  relative  force 
of  the  action  exerted  hy  the  liquid  on  tht*  two  metals  ia  quite  suflicient  to  show  that 
cheroical  action,  and  not  contact  of  disHimilar  metals,  ts  the  source  of  the  eleciTic 
excitement     A  further  and  convincing  proof  of  thia  stati^ment  is  howercf  aflbrded  bj 
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Fi^.  405. 


Fiff.  406, 


tibe  taA,  €kkMt  a  enxcnt  opaUe  of  pfododng  electrolytic  decomposition  may  be  ob- 
tamed  without  any  f  rillir  eonUct.  This  is  shown  by  the  following  amngemcnt 
(Jiff.  405),  derised  by  Fanday.  A  pUte  of 
pbtiirani,  &,  and  a  plate  of  zinc,  a,  bent  hori- 
aotrtaUy  in  the  vp^  put,  are  immersed  in 
water  acidulated  with  so^nric  acid ;  a  piece 
of  filtering  paper  moistened  with  iodide  of  po- 
tMnnm  BMntioo  is  laid  on  the  cine  at  x,  and 
a  platinnm  wire  attached  to  the  plate  b  is 
hroo^t  down  to  the  npper  soiface  of  the 
moistened  paper  withoMt  tataeking  the  zinc. 
Immediately  a  brown  ^x>t  of  iodine  shows 
itsdf  on  the  Qpp«  snzfaoe  of  the  paper  at  x, 
while  the  lower  smfaoe  remains  nncoloured, 
showing  that  the  iodine  is  separated  at  the  ex- 
tremity of  the  conductor  from  which  the  +  E 
enters  the  solution,  just  as  in  the  decomposition 
effected  by  the  cuzrent  of  the  electric^  machine  (p.  397).  Here  then  we  haTe  addi- 
tional eridence  of  a  current  in  which  the  •¥'£  passes  from  the  zinc  through  the  wire 
to  the  platinum,  and  then  round  the  external  conductors  to  the  ainc.  If  the  arrange- 
ment  be  somewhat  modified  so  as  to  introduce  a  galvanometer,  as  at  ^  {fig.  406),  the 
deflection  of  the  needle  will  indicate  the  same  direction  of  the  current.  The  effects  are 
the  same  when  a  scdntion  of  potash  is  subetituted  for  the  dilute  acid  as  the  exciting 
fluid. 

The  strength  of  the  cnirent  in  these  and  all  other  Toltaic  circuits,  depends  partly  on 
the  exciting  or  "  electro-motive  *'  force,  resulting  from  the  action  of  the  liquid  on  the 
line  or  other  metal  of  the  couple,  partly  on  the  resistance  which  the  current  meets 
with  in  the  difierent  parts  of  the  circuit.  In  the  particular  arrangements  now  under 
eonsideration,  in  which  the  resistance  offered  by  the  conducting  wire  and  other  metallic 
parts  of  the  circuit,  is  constant,  the  force  of  the  current  dept^nds  upon  the  relation  K»- 
tween  the  electromotive  force  of  the  couple,  and  the  resistance  of  thcBohition  at  x  which 
is  decomposed  by  the  current.  If  the  affinity  between  the  elements  of  this  liquid— the 
"electrolyte" — is  too  great  to  be  overcome  by  the  electromotive  force  of  the  couple, 
the  current  is  arrested  and  the  galvanometer  needle  returns  to  its  natural  position. 
Different  electrolytes  offer  very  Afferent  degrees  of  resistance  to  decomposition,  and 
consequently  some  are  decomposed  by  a  given  electromotive  force,  while  others  are 
not :  thus  a  couple  composed  of  ainc,  dilute  acid  and  platinum  will  decompose  solution 
of  iodide  of  potassium  and  fused  chloride  of  silver,  but  not  acidulated  water.  Hydro- 
chloric add,  fused  nitrate  of  silver,  or  fused  iodide  or  chloride  of  lead  likewise  resist 
the  electromotive  force  of  the  same  couple,  with  dilute  sulphuric  acid  as  the  exciting 
liquid,  bat  are  decomposed  on  adding  a  small  quantity  of  nitric  acid  to  this  liquid, 
which  increases  its  chemical  action  on  the  zinc 

The  following  table  contains  the  results  of  a  number  of  experiments  by  Faraday  on 
the  power  of  diSTerent  voltaic  couples  in  decomposing  various  electrolytes.  Each  hori- 
sontal  line  of  this  table  contains  the  names  of  the  four  substances  comprised  in  a  cir- 
cuit ;  the  last  column  exhibits  the  comparative  strength  of  the  current,  as  indicated  by 
the  galvanometer :  — 


Active 
meUl. 

Exciting  liquid. 

Inactive 
meUl. 

Electrolyte  decompofted. 

Character  of 
current. 

Iron 

Dilute  nitric  acid 

Platinum 

Sulphide  of  potassium 
Red  nitric  add  . 

Full  current 

t«           * 

»                t>            * 

)f 

tt 

It           * 

•t                t>            * 

If 

Pale  strong  nitric  acid 

Good 

»»           • 

»»                i> 

1) 

Green  nitrous  acid 

Very  strong 

w              • 

f»                »f 

1) 

Iodide  of  potassium    . 

»» 

»«              * 

Dilute  sulphuric  acid 

11 

Sulphide  of  potassium 
Red  nitric  acid  . 

II 
Good 

i»              • 

Hydrochloric  acid 

II 

Green  nitrous  acid 

Very  strong 

„           dUute    . 

II 

Red  nitric  acid  . 

Good 

tt              * 

i»              »i 

II 

Sulphide  of  potassium 

ti 

tf              * 

Solution  of  common  salt 

II 

Green  nitrous  acid 

Very  strong 

tf              • 

Ordinary  water . 

11 

If                II            • 

Good 

Zinc 

Dilute  nitric  acid 

i» 

lodido  of  potassium    . 

It 

»          • 

Hydrochloric  add 

II 

»•                fi 

tf 

VoL.IL 


£  £ 
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Aetktf 
raeuJ. 

ExeiUug  1t<)utd. 

DoetaL 

cuftem. 

Citdiiiiiim 

Dilute  nitrie  acid 

Platinum 

Iodide  of  pol^aium    . 

Good 

n 

H  vdrocUloric  acid 

II 

t*                »f            • 

•t 

Lead       . 

Dilute  nitric  acid 

11 

ff                     n               ■ 

Hydrochloric  acid 
Ddtito  nitric  acid 

ft 

tr                     M               ■ 

t-t 

Copper    . 

41 

II                     ti               ■ 

f 

Hydrochloric  acid 

L*md       . 

Strong  Bulpburic  acid 

Irt)a 

Dilute  flulpliuric  acid  . 

Strong 

Tin 

It                                                 Mf 

Pktinmu 

It                It            *  1 

If 

Copix?r    , 

Sulphide  of  potiissiiim 

»i 

Dilute  nitric  acid        .  i 

t* 

„          1 

»♦                    1* 

M 

Iodide  of  potassium    , 

♦1 

Strong  nitric  acid 

Iroo 

Dilute  nitric  acid 

Very  strong 

**          ' 

If                  »»           • 

tf          • 

Iodide  of  potaaaium    .  ; 

ti 

Silver     . 

tf                  II           • 

fi          * 

Dilute  nitric  acid 

Strong 

♦» 

•  »                       rt               ■ 

tt          ■ 

Iodide  of  potaasium    . 

Good 

»p 

Sulphide  of  potHsaimn 

It          • 

Dilute  nitric  add 

StjOQg 

Tin 

Strong  Bulphuric  acid 

Dilate  sutphurie  acid . 

i» 

Th(»  liquid  which  uniting  the  tvo  mctaJa  of  the  roltjiic  couple  likewise  aulfera  decora- 
position  duririf^  th<»  wliole  tiuic  tluit  the  cunTnt  in  pit^Ming,  and  its  flcmcnfs  are 
tniiisferred  in  oppopiiti'^  directions^  one  to  tljt^  activ**  the  otlicr  to  the  inactive  met^l. 
In  fact,  tho  exciting  litjuid  is  itself  an  electrolyte  and  it  ia  only  a  liquid  capable  of 
decomposing  in  thi^  way  that  can  act  as  theojtciterof  a  Toltaic  eoupl*?,  the  dt-eouiposi- 
tion  which  it  undergoes  being  exactly  aimilar  to  that  which  the  Ciirrcnt  produces  in 
any  othtT  electrolyte  throuph  which  it  passes ;  in  the  one  part  of  the  eireuit  n»  in  the 
other,  one  set  of  element^  the  electro- negative  or  chlorona  eiements»  CI,  Br»  I, 
0,  8,  iSO\  iiO\  &c.^  are  transferred  in  the  direction  of  the  current  of  —  £",  and  tho 
others,  the  eleetro-po&i tivo  or  hasyloua  elements,  viz.  hydrogen  and  the  metalfi, 
in  the  direction  of  the  current  of  +E  (pp.  397,  432). 

lu  oil  tlie  combinatiom*  mentioned  in  the  prt*ceiling  t^ibl^,  it  will  be  found  that, 
dunng  all  the  time  the  curreiit  is  paa«ing»  hydrogen  i§  continually  erolved  from  thts 
liquid  in  the  acting  ceU,  at  the  aurface  of  the  inactive  or  negative  met^l,  and  iit 
the  eaiae  time  the  «inc  or  other  active  metal  unites  with  chlorine,  aulphur,  SO*, 
NO",  &c.^  according  to  the  nature  of  the  exciting  liquid,  and  dissolres.  No  evi* 
denee  of  commotion  or  action  of  any  kind  can  be  detected  in  any  part  oi  the 
liquid,  excepting  at  the  surfuco  of  the  metallic  plati^s;  but  a»  oue  of  the  elomeut* 
is  being  continually  transfL'rred  to  the  active  and  the  other  to  the  inactii-e  mctAl,  it  is 
cloiiT  that  a  continued  movement  and  shifting  of  partidas  muat  be  going  on.  Thv 
nature  of  this  movement  we  have  now  to  examine ;  but  first  it  must  he  oltserved 
that  tho  active  metoJ  of  a  voltaic  conple  is  usually  imbjeet  to  two  kinds  of  ac- 
tion^ oao  of  which  is  essentially  connected  with  the  formation  of  a  current,  while  the 
other  IB  indepcndt^nt  of  it. 

Wlieu  a  piece  of  ordinary  commerciiil  zinc  is  immerpcd  in  dilute  snlnhuric  or  hydro- 
chloric acid,  it  immediately  begins  to  diasohe  and  hydrogen  is  evolved  upon  its  whole 
surface.  Now  let  a  plate  of  plEitinnm  or  copper  be  immersed  in  tlie  same  liquid,  and 
either  brought  in  direct  contact  with  the  zinc  under  the  liquid^  or  connect4?d  witJi  it 
by  a  wire ;  immediately  the  greater  part  of  the  hydrogen  is  evolved  at  the  surfiiet?  of 
the  latter  metal,  although  this  metal  undergoes  uo  change,  and  the  zinc  dissolves 
faster  than  before. 

The  effect  of  the  inactive  metid  is  still  more  striking  when  pure  sine,  fr«>ed  from 
foreign  mptals  by  nxlitit illation,  ia  osed,  A  plate  of  tlii«  pure  zinc  imioersed  in  dilute 
iieid  remains  quil»^  inactive,  no  gas  being  evnived  ut  it*  fiuTface ;  but  as  soon  as  a  plate  of 
copjitr  or  platinum  is  brought  in  contact  with  it,  a  brisk  action  is  set  up,  the  zinc  dis- 
solres,  uufi  hydrogen  ia  evolved  from  tho  surface  of  the  copper  or  platinum.  It  would 
appear  from  thia  I  hat  the  estJiblishmeut  of  ;m  electric  current  is  an  essential  condition 
to  tlie  iiolution  of  the  zinc.  When  the  zinc  coutaius  foreign  meta^la,  such  as  iron,  lead, 
jSfcc.  tbest!  mi'titlfl  act  just  like  an  immersetl  plate  of  copjer  or  platinum,  establishing 
local  currents  within  the  liquid;  and  after  the  action  has  gone  on  for  some  time,  thefc 
metals,  especiany  the  lead,  are  seen  to  separate  from  the  surface  in  filaments.  When, 
thert'fore,  impure  zinc  (or  other  metal)  la  use<l  to  form  the  active  metal  of  a  voltaic 
couple,  two  kinds  of  action  take  place  together,  the  solution  of  one  part  of  the  sine 
being  essfntiiilly  related  to  the  current  which  is  established  between  the  elements  of 
the  couple,  and  that  of  the  rest  depending  on  the  so^callod  local  action,  duo  to  tha 
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presence  of  the  foreign  metals  in  the  zinc.  On  making  the  connection  between  the 
two  metals,  the  local  action  on  the  zinc  is  greatly  diminished  in  amoant,  but  does  not 
cease  altogether.  Hence  it  follows  that  pure  zinc  is  more  advantageous  for  use  in  a 
Toltaic  couple  than  the  impure  metal,  because  a  certain  portion  of  the  latter  always 
dissolves  without  contributing  to  the  production  of  the  electric  current. 

OrdinaiT  zinc  may,  however,  be  made  to  act  with  acids  in  exactly  the  same  manner 
as  distiller!  zinc,  by  amalgamating  its  surfeice  with  mercury.  This  is  easily  done  by 
rubbing  the  surfiice  with  a  rag  dipped  in  dilute  sulphuric  acid,  and  at  the  same  time 
spreading  the  mercury  over  it  The  zinc  then  becomes  xmiformly  amalgamated,  not  only 
on  its  surface,  but  right  through,  unless  the  plate  is  very  thick.  A  plat^*  of  zinc  thus 
amalgamated  shows  no  signs  of  action  when  simply  immersed  in  dilute  acid ;  but  on 
connecting  it  with  a  plate  of  copper  or  platinum,  as  above,  hydrogen  is  briskly  evolved 
from  the  sarface  of  the  latter  metal,  and  the  zinc  dissolves.  The  mercury  appears  to 
act,  partly  by  rendering  the  sur&ce  uniform,  and  removing  the  metallic  impurities  on 
which  the  local  action  depends,  partly  in  a  manner  to  be  presently  noticed  (p.  420). 

Theory  of  the  Voltaic  Couple, — The  remarkable  fact  that  a  piece  of  pure  zinc  or  of 
amalgamated  zinc  exerts  no  decomposing  action  on  water  or  dilute  acids  when  alone, 
but  acts  immediately  on  being  connected  with  another  metal  not  itself  acted  upon  by 
the  liquid,  seems  at  first  sight  to  favour  the  supposition  that  the  action  begins  at  the 
surface  of  contact  of  the  two  metals,  and  is  essentially  dependent  upon  that  contact 
The  efibct  is,  howeYer,  exactly  the  same  when  no  actual  metallic  contuct  takes  place, 
as  when  the  conducting  circuit  is  completed  by  the  intervention  of  an  electrolyto 
(p.  417).  The  zinc  then  dissolves,  and  hydrogen  is  evolved  at  the  surface  of  the 
platinum  as  long  as  the  current  passes,  but  no  longer. 

Now  we  have  seen  (p.  404)  that  an  electric  current  may  be  regarded  as  a  succession 
of  charges  and  discharges  taking  place  throughout  a  series  of  polarised  molecules ; 
accordingly,  the  state  of  things  in  the  voltaic  couple  may  be  represented  as  follows : 
Suppose  a  plate  of  pure  zinc,  Z  (Jig,  407),  to  be  immersed  in  hydrochloric  acid.  We 
may  suppose  that  its  particles  ^^    .q» 

polarise  those  of  the  acid  which  ^' 

are  in  contact  with  them,  in  the 
manner  shown  in  the  figure,  the 
atoms  of  chlorine  becoming  nega- 
tive and  turning  towards  the 
surface  of  the  zinc,  which  becomes 
positive,  while  the  atoms  of  hy- 
drogen become  positive  and  turn 
the  contrary  wa^.  These  mole- 
cules then  polarise  the  next  in  a 
similar  manner,  these  the  next, 
and  so  on.  At  the  same  time  the 
atoms  of  the  zinc  itself  become 
oppositely  polarised,  each  turning 
its  positive  polo  towards  the 
liquid,  and  its  negative  pole  the 
omer  way ;  or  probably  the  two  elementary  atoms  in  each  molecule  of  the  zinc  (i.  187) 
are  thrown  into  opposite  electrical  states. 

When  a  plate  of  an  inactive  metal,  such  as  platinum,  is  introduced  into  the  same 
liquid  as  at  P  {fig, 
408),  its  particles 
become  polarised  in 
like  manner  by  the 
influence  of  the  al- 
ready polarised  mole- 
cules of  the  liquid, 
turning  their  nega- 
tive poles  towajrds 
the  liquid  and  their 
positive  poles  out- 
wards. This  state 
of  tension  continues 
tilloneofthepUtes, 
say  Z,  is  connected 
with  the  earth.  The 
negative    electricity 

is  then  discharged,  and  on  connecting  P  with  a  condensing  electroscope,  the  •»-  E  showi 
itse]£    At  the  same  time,  the  chlorine  of  the  molecule  of  acid  in  contact  with  the  zino 
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unites  with  it,  their  opposite  electricities  Wing  fherahy  nentmlisod  ;  the  hydiogen  of  the 
fi»t  partido  of  acid  unitea  with  the  chlorine  of  tlie  tJecond^  the  hydrogen  of  this  with 
the  chlorine  of  the  third,  and  m  on,  tiE  the  hydrogen  in 
contact  with  the  inactive  metul  P,  finding  no  chlorine  to  unite 
with  it,  is  ciither  set  free^  or  more  fluently,  as  the  action  in 
this  state  of  tension  of  the  couple  is  very  bIow^  remains  attached 
to  the  smfacQ  of  the  pktinum  pkte.»  Thin  action  goes  on  only 
till  the  tension  of  the  ch^ii^e  on  the  insulated  plate  becomes 
etrong  enough  to  cause  the  two  electricities  to  reconibine 
ncroftB  the  liquid  j  and  aa  the  whole  arrangement  consiiitB 
of  coodueling  materials,  the  tensicju  thus  attained  must  neees- 
BJiriJy  be  very  low,  and  aecortlinply,  the  amount  of  chemical 
action  which  taJtes  place  is  but  slight ;  but  on  connecting  the 
two  platee  by  a  wire  or  other  good  conductor,  the  partich-*  of 
tJial  conductor  also  become  polarii^,  a  regular  seriei*  of  charges 
au4l  discharge  taking  place  along  it,  as  wcU  aj*  in  the  two  mt'lalti^ 
Z,  P,  and  the  iuterrening  liquid.  Tlie  action,  therefore,  bect>m<*fi 
continuous,  the  atoms  of  chlorine  being  transft*rrcd  towiirdi* 
the  zine,  and  those  of  the  hydrogen  in  the  opposite  direction  to 
the  platinum,  where  they  escape. 

A  precisely  similar  explanation  will  apply  to  ercry  case 
of  the  development  of  electricity  by  a  combination  of  two 
toctaht,  and  a  liquid  which  acts  chcmicaUy  on  one  of  them. 
The  liquid  must  be  an  electroljrte*  that  is,  a  compound  whose 
elements  can  be    transferred    in    opposite    directions,    like 
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those  of  the  hydroehloric   acid,  t.  g. 


CuCl»  Cn^O',  Pbl,  K'S,  &a     The  liquid  state  is  evidently 
essentia!  to  the  molecular  transference. 

The  local  action  which  takes  place  when  rinc  containing 

^^  '  ~  foreign  metals  is  immersed  in  an  acid,  may  be  cacplained  thus, 

^jA  j  Suppose  Z  {fiq.  409)  to  he  a  phite  of  rinc,  with  here  ajid 

J  ^^^  theD:*  a  particle  of  iron,  F,  on  its  surface.     Local  currents  will 

then   be   established  between  different  parts  of  the  surfaco, 

the  rinc  formiag  the  active,  and  the  iron  the  inactive  metal, 

and  Ijetween  them  polar  chains  of  molecules  will  be  formed,  just  as  wheu  a  plate  of 

another  metal  is  placed  in  connfMJtion  with  the  zinc. 

Thp  effect  of  amalgamating  the  rinc  is  partly,  as  already  observed,  to  remove  the 
foreign  metiila,  partly,  aLso,  to  enable  the  atoms  of  the  zinc  to  polarise  more  regularly  !  for 
in  a  molecale  oftha  amalgam,  ZuHg,  the  atoms  of  rine  and  mercury  take  up  the  op^ioMjte 
polar  states  move  easily  than  the  two  atoms  of  stinc  in  a  compound  molecule  of  the 
metali  ZnZu ;  and  moreover,  the  eemi-fltiid  condition  of  the  amalgam  enables  the  mole- 
cules to  turn  their  poles  easily  in  the  direction  which  the  polarising  action  tends  tci 
give  them.  The  arrangement  of  a  series  of  molecules  of  amalgamated  sinCt  bjdro* 
chloric  acid^  and  platinum  may  be  thus  represented : 

HgZn    H^Zn    (5  H    CI  H    CI  H    Pt  Pt    Pt  R 

The  precipitation  of  one  raotat  fbom  its  solution  by  another,  as  of  copper  by  iron, 
lead  by  zinc,  silver  by  mercunr,  &cl,  aflEbrds  an  example  of  »  simple  voltjiic  circuit. 
When  a  piece  of  common  zinc  is  immcrse^l  in  a  solution  of  acetate  of  lead,  local  currents 
are  set  up  in  the  manner  just  explained,  and  the  effect  of  eucJi  a  current  passing 
through  the  solution^  is  to  precipitate  a  particle  of  lead  on  a  point  of  the  surfiice  of  the 
rinc^  where  a  particle  of  any  foreign  metal,  such  as  lead  or  iron,  happens  to  be  situated; 
the  lead  thus  deixjeited  forms  a  more  distinct  inactive  or  negative  metal,  and  thus  an 
increaAed  electi-olytic  action  is  set  up,  more  lead  being  prmpit*ted  on  the  surface  of  the 
first  portion  ;  and  in  this  manner  fresh  particles  of  lead  continually  attach  themselres 
t-o  those  previously  deposited,  the  preciiiitated  metal  taking  the  weU -known  arborescent 
form  calied  the  Icjid-tree,  or  Arbc>r  SatuniL  Similarly,  when  iron  is  immersed  in  a 
solution  of  oopper»  there  arc  always  a  few  oxidised  points,  or  small  particles  of  earlx:ni, 
on  certain  points  of  the  surface,  which  favour  the  fomiatioD  of  loc^d  currents,  and  thereby 
determine  the  precipitation  of  the  copper.  The  precipitation  is  of  oinrse  greritly 
facilitated  in  the  firat  instance  by  bringing  the  prccipitAting  metal  in  contact  with 

•  When  a  pktinutn  plat**  which  hm  thui  bwn  uipd,  U  pUa^  in  acldiil*ted  w«t«r.  ir..  i 
cIp.111  ptntinum  plate  In  U*  ordinnr;  Half,  nnd  tlit?  two  connected  with  n  K^alTnnometer^  l'- 

catti  tins  HxUttnice  of  ft  current,  In  which  ihc  firii  plate  of  platinum  ii  the  aciive  metal.  ^ 

dne  ta  Ihi'  Mm  ot  hydrogen  mlherkig  toh,  which  in<  fiict  malloi  It  act  like  a  i^Utc  or  (inc.    i  uk  i^t  luvt . ) 
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another  which  is  not  acted  upon  by  the  liquid,  and  iu  this  manner  many  metallic  pre- 
cipitations may  be  effected,  which  would  not  otherwise  take  place.  Thus,  silver  does 
not  of  itself  precipitate  copjjer ;  but  on  touching  the  silver  under  the  liquid  with  a  piece 
of  iron,  a  current  is  immediately  established  in  which  the  iron  forms  the  positive,  and 
the  silver  the  negative  metal,  and  the  copper  is  then  precipitated  on  the  silver. 

The  protection  of  one  metal  from  the  action  of  a  liquid  by  bringing  it  in  contact 
with  another,  is  also  a  case  of  the  formation  of  a  simple  voltaic  circuit;  such  was  the 
method  proposed  by  Davy  for  protecting  the  copper  sheathing  of  ships  by  attaching  to 
it  pieces  of  a  more  oxidable  metal,  such  as  zinc  The  zinc  then  formed  the  positive 
and  the  copper  the  negative  metal,  and  consequently  the  oxygen  and  chlorine  of  the 
sea- water  were  directed  to  the  zinc,  instead  of  to  the  copper.  The  galvanising  of  iron 
by  uniting  it  with  zinc  is  another  example  of  this  mode  of  action.  On  the  other  hand, 
the  corrosion  of  a  metal  by  the  action  of  air  and  water  is  sometimes  accelerated  by 
contact  with  another  less  oxidable  than  itself;  thus  iron  railings  are  often  found 
much  corroded  near  their  lower  ends,  where  the  iron  is  in  contact  with  the  lead  which 
has  been  run  in  to  fix  it  in  the  stone. 

When  the  liquid  in  a  voltaic  combination  acts  in  a  similar  manner  on  both  the 
metals,  e,g.  when  zinc  and  copper  are  immersed  in  nitric  acid,  the  electric  tension  and 
current  produced  are  such  as  result  from  the  difference  of  the  polarising  actions  exerted 
by  the  two  metals  on  the  liquid ;  if  these  actions  are  equal,  as  when  two  plates  of  the 
same  metal  are  immersed  in  an  acid,  no  current  is  produced.  If,  on  the  other  hand, 
one  of  the  metals  or  other  conductors  has  an  affinity  for  the  positive  element  of  the 
electrolyte,  i.e.  for  the  hydrogen  if  the  electrolyte  is  an  acid,  while  the  other  tends  to 
unite  with  the  negative  element  of  the  electrolyte,  it  is  easy  to  see  that  the  molecules  of 
the  electrolyte  will  be  polarised  by  the  sum  of  these  two  forces,  and  thus  a  much 
stronger  current  or  a  higher  electric  tension  wiU  be  produced.  Such  a  combination 
may  be  formed  by  zinc,  acidulated  water,  and  a  plate  of  platinum  covered  with 
peroxide  of  lead ;  here  the.  negative  element  of  the  acid  (CI  or  SO*)  tends  to  unite 
with  the  zinc,  and  the  oxygen  of  the  peroxide  with  the  hydit>gen  of  the  acid,  and  the 
polarisation  may  be  thus  represented: 

ZiiZn  CIH  CIH  CIH  O(PbH))  Pt  A 

This  combination  charges  the  condenser  and  deflects  the  galvanometer  much  more 
strongly  than  the  ordinary  combination  of  zinc,  acid,  and  platinum.  A  convenient 
way  of  forming  it  is  to  pack  a  quantity  of  the  dry  finely  powdered  peroxide  into  a 
rectangular  ceU  of  porous  earthenware  (such  as  those  used  for  Grove  s  battery),  in- 
troduce a  thin  plate  of  platinum  having  a  wire  soldered  to  it  into  the  middle  of  this 
cell,  so  that  it  may  be  completely  enveloped  by  the  peroxide,  and  immerse  the  porous 
cell  thus  filled,  together  with  a  plate  of  amalgamated  zinc,  in  an  acid  or  saline  solu- 
tion. On  connecting  the  zinc  and  i)latinum  plates  with  two  platinum  wires  t«rminat- 
ing  in  acidulated  water,  the  water  is  quickly  decomposed,  an  effect  which  would  not 
be  produced  bv  a  single  couple  of  zinc  and  platinum  without  the  peroxide.  The  only 
use  of  the  platinum  in  this  arrangement  is  to  act  as  a  conductor.  The  stren^h  of  the 
current  rapidly  diminishes,  however,  chiefly  in  consequence  of  the  reduction  of  the 
peroxide  of  lead  to  protoxide.  Peroxide  of  manganese  produces  the  same  effect  as 
peroxide  of  lead,  but  less  strongly,  and  with  even  more  rapid  diminution.  A  similar 
effect,  but  also  less  powerful  than  that  with  peroxide  of  lead,  is  produced  when  the 
porous  ceU  is  filled  with  strong  nitric  acid  ana  a  platinum  plate  is  immersed  in  it  In 
this,  which  is  Grove's  combination,  the  polarisation  resulting  from  the  affinity  of  the 
zinc  for  the  chlorine  or  other  negative  element  of  the  acid  is  intensified  by  that  of  the 

external  atom  of  oxygen  in  the  molecule  0(NO*H)  for  the  hydrogen. 

The  tendency  of  the  peroxides  of  lead  and  manganese  to  deoxidation,  by  taking  up 
the  hydrogen  of  water  or  acids,  is  so  strong,  that  very  distinct  indications  of  electric 
action  are  obtained,  either  in  the  stat«  of  tension  or  in  the  form  of  a  current,  on  im- 
mersing in  water  a  plate  of  platinum,  and  peroxide  of  lead  or  manganese,  either  in 
lumps  or  in  fine  powder,  spread  upon  another  plate  of  platinum.  The  uncovered  plate  of 
platinum  then  yields— £  to  the  condenser,  the  peroxide  at  the  same  time  yielding  -i-  E. 
On  connecting  the  two  plates  with  a  galvanometer,  the  current  of  +  E  passes  from  the 
covered  plate  through  the  coil  to  the  uncovered  plate ;  but  the  current  has  not  suffi- 
cient tension  to  pass  through  water.  The  addition  of  an  acid,  especially  hydrochloric 
acid,  to  the  liquid,  greatly  increases  the  force  of  the  current^  by  facilitating  the  oxida- 
tion. A  platinum  wire  covered  with  peroxide  of  lead  and  a  gold  wire,  immersed  in  hydro- 
chloric acid,  yield  a  powerful  current,  proceeding  from  the  covered  platinum  externally 
to  the  gold,  the  latter  metal  dissolving  at  the  same  time  as  chloride.  Similar  combina- 
tions with  chroraate  of  potassium,  instead  of  the  peroxide,  yield  very  strong  currents. 
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the  <*!iromic  acid  boing  reduced  to  cbromic  oxide.  A  copper  pkte  oxidised  on  the 
Burfjice  fonns  with  sine  and  dilute  sdphorio  acid  a  more  powerful  curi?«Dt  than  a  plate 
of  clean  copper. 

ComponiKl  Voltaic  Clrcmlt*  Voltaic  9ile  or  Sattary*  The  electric  ti^nsiou 
prothicod  by  a  ainglt*  ToltHic  couph^  is  rery  ^malL,  because  tlu"  opposite  i^lectTieitics  can 
eiisnily  recombinc^  thrcnijifh  the  medium  uf  llw  liquid.  It  may,  however,  be  increased  by 
unilinj;  h  number  of  such  couples  together  in  rejriiliLr  order^  the  negative  met^d  of  the  firet 
being  connected  metidlically  with  the  positive  of  the  second ;  and  m  on  throughout  the 
KcrieB.  To  imdenitaQd  bow  tliis  increase  of  tension  is  attained,  consider  two  conpleJt 
of  zinc,  water,  and  pkiiaum»  coimected.  in  thts  mimner  just  described  {fy,  410).    If 

ilO, 


•^ 


*-KXf-0-<i) 


the  second  couple  wei^  inactiTe,  the  particles  of  the  zinc,  wat^r^  and  platinum  which 
coinjXfse  it  wonld  be  polarised  to  a  certain  deirree  of  tension  hj  the  influence  of  tho 
first;  but,  btsides receiving  this  degr^^t^  of  charge,  they  likewise  become  pokris^'d  in 
the  Bftine  direction,  and  to  an  equal  degree,  by  the  chemical  action  of  tlie  xinc  and 
water  in  the  aecond  cell.  These  two  actions,  therefore,  assist  each  other,  and  the 
rejralting  inttinsity  in  the  second  couplo  is  twice  as  great  as  it  would  be  if  that  couple 
were  disconnected  from  the  first.  The  polarisution  of  the  second  couple  is  also  trans- 
ifiittefl  to  the  first,  so  that  both  couples  have  their  electromotive  force  doubled.  la 
like  manoer^  the  addition  of  a  third  couple  will  treble  the  electromotiTC  force  ;  and  so 
for  any  number. 

Hence  when  the  opposite  extremities  or  polee  of  an  insulated  roltjuc  cireuft  com- 
prised of  a  large  number  of  couples  are  conuecte^l,  f^ach  with  an  electroscope,  the  leaves 
of  the  two  elc*ctroi80ope»  diverge  with  opposite  electricities.  Moreover,  by  testing  tho 
di^'ereut  parts  of  STich  a  aerieii  with  an  electrometer,  it  is  found  that  when  tlie  whale 
ia  insulated,  the  tension  of  the  opposite  electricities  is  greatest  at  the  two  poles,  antl 
goes  on  continually  diminishing  towards  the  middle,  where  it  is  nothing.  Now  the 
electric  tension  of  the  different  parts  of  the  series  cannot  proceed  from  the  inter- 
mediate couples,  because  tlie  opposite  electricities  of  each  pair  of  zinc  and  platinum 
plates  neutralise  each  other;  it  procccda,  therefore,  from  the  opposite  electricities 
accumulated  at  the  extremities  or  poles,  which  are  constantly  tenaing  to  reunite,  and 
are  constantly  renewed  by  the  chemical  action.  On  connecting  one  pole  with  tho 
ground^  and  thereby  dischargiug  one  kind  of  electricity,  the  tension  of  the  other  pole 
is  incrt*a.scd. 

The  electric  tension  exhibit*^  by  the  poles  of  a  voltaic  battery  depends  in  a  great 
measure  on  the  nature  of  the  liquid  with  which  the  cells  are  fiileo.  The  grealeet 
jutasible  tension  would  be  obtained  by  an  arrangement  which  should  unite  gi^cat  elcc- 
tp>mofive  power  with  imperfect  conduction.  Generally,  however,  the  conducting  power 
of  a  liquid  increases  with  ita  power  of  acting  chemically  on  the  jdna 

The  battery,  wht-ther  charged  with  water,  aciil,  or  a  saline  solution,  alwayii  takes  a 
certain  time  to  nitain  its  maximum  tension,  that  time  being  greater  as  the  condueting 
power  of  the  liquid  is  less;  but  with  very  good  couductors,  such  as  dilute  acids,  the 
maximum  tension  is  attained  almost  instantly.  In  al!  cases,  the  statical,  as  well  it» 
the  dynamical,  cFects  of  the  battery  are  essentialJy  dependent  on  the  chemical  action 
between  the  liquid  and  the  pofiitive  metaL  The  stronger  this  action,  the  smaller  in 
the  number  of  couples  required  to  prodnce  a  given  tension.  Gassiot  has  found  tJiat  a 
Grieve' !*  brtttery  (to  be  hereafter  described)  of  400  cells,  well  insulated  in  glass  Teasd^ 
exhibits  at  the  two  poles  a  tension  eqtnil  to  that  of  a  water  battery  of  3S20  pain. 

The  poles  of  a  voltaic  battejry  in  a  staite  of  tension  discharge  to  each  other,  just  like 
two  niettdlie  rods  connected  with  the  positive  and  negative  conductors  of  an  electrical 
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machine.  When  the  poles  of  the  400  pairs  of  GroTe*s  battery,  just  mpntioned,  were 
placed  in  connection  with  two  copper  discs  placed  at  the  distance  of  ^  of  an  inch 
tcom  one  another,  a  rapid  succession  of  sparks  was  produced. 

The  wire  alon^  which  the  current  of  the  voltaic  battery  is  passinc:,  either  con- 
tinuously or  by  intermittent  spark-discharge  as  just  described,  exhibits  the  same 
effects  as  one  which  conveys  the  discharge  of  an  electrical  machine  or  Leyden  jar. 
The  wire  itself,  if  not  very  thick,  becomes  warm,  and  a  thin  wire  of  platinum  inter- 
posed in  the  circuit  is  heated  to  redness,  or  fused,  according  to  the  strength  of  the 
current ;  magnets  are  deflected,  and  iron  and  steel  magnetised  by  it :  and  if  the  two 
poles  of  the  battery  are  connected  with  two  platinum  wires  or  plates  immersed  in 
water  acidulated  with  sulphuric  add,  the  water  is  decomposed,  hydrogen  being  evolved 
from  the  wire  connected  with  the  negative  pole,  and  oxygen  from  that  connected  with 
the  positive  pole.  Any  of  the  other  electrolytes  mentioned  on  page  397,  as  decom- 
posed by  friction-electricity,  may  also  be  decomposed  with  ease  by  the  current,  oven 
of  a  small  voltaic  battery.  The  quantity  of  oxygen  and  hydrogen  thus  evolved  in  a 
giTcn  time  aflfords,  as  we  shall  afterwards  more  particularly  explain,  a  measure  of  the 
quantity  of  electricity  evolved  by  the  battery.  Now  the  quantity  thus  evolved, 
whether  measured  by  the  amount  of  water  or  other  electrolyte  that  it  will  decompose, 
or  by  the  deflection  of  a  magnetic  needle  (p.  398),  is  incomparably  greater  than  that 
evolved  by  the  most  power^l  electrical  machine ;  a  pair  of  thin  wires  of  zinc  and 
pUtinum  dipped  for  a  moment  into  dilute  acid  will  produce  a  current  capable  of  de- 
composing a  mrger  quantity  of  iodide  of  potassium  than  could  be  ditomposed  by  a  large 
electrical  machine  working  for  a  considerable  time. 

But  the  intensity  of  the  charge  of  a  voltaic  battery,  even  of  a  very  large  number  of 
pairs,  is  almost  immeasurably  below  that  of  the  electricity  produced  even  by  rubbing 
a  piece  of  glass  with  the  dry  hand ;  in  fact,  the  whole  of  a  voltaic  arrangement  consists 
of  material  possessed  of  considerable  conducting  power,  and  therefore  the  neutralisa- 
tion of  the  opposite  electricities  takes  place  through  the  batteiy  itself  more  easily  than 
through  even  a  very  small  stratum  of  air,  or  other  insulating  body. 

The  exact  relations  between  the  quantity  and  intensity  of  the  voltaic  current  will 
be  more  fully  considered  hereafter.  At  present  it  may  suffice  to  state  that,  with  a  con- 
ducting circuit  not  offering  much  resistance,  the  quantity  of  electricity  developed  in  a 
given  time  increases  nearly  in  direct  proportion  to  the  size  of  the  plates  in  a  single 
pair  (not  to  the  total  extent  of  metallic  surface  in  the  battery  \  whereas  the  intensity, 
or  power  of  overcoming  resistance  increases,  as  already  observed,  directly  as  the 
number  of  pairs.  Hence  when  the  current  is  to  pass  only  through  a  metallic  con- 
ductor of  no  great  length — as  for  most  electro-ma^etic  experiments,  and  for  heating 
wire  not  extremely  thin — a  single  pair  of  plates  will  act  as  well  as  a  compound  battery, 
provided  all  the  connections  are  good*  Hare's  calorimotor  for  heating  wires  is  an 
arrangement  of  this  kind.  A  number  of  zinc  and  copper  plates  are  fastened  alternately 
and  perpendicularly  in  a  finme,  all  the  copper  plates  being  soldered  to  one  common  bar 
of  metaX  and  all  the  zinc  plates  to  another,  so  that  the  whole  acts  like  a  single  pair 
of  very  large  zinc  and  copper  plates.  With  from  60  to  120  copper  and  zinc  plates, 
each  having  a  surface  of  19  square  inches,  excited  by  dilute  acid,  a  platinum  wire  * 
of  a  line  thick  may  be  fused.  Another  mode  of  obtaining  a  large  surface  in  a  small 
•pace  is  to  roll  together  a  zinc  and  copper  plate  6  inches  broad  and  9  inches  long  into 
a  cylinder  2|  inches  in  diameter,  in  such  a  manner  that  they  never  come  into  con- 
taet,  but  are  always  kept  about  a  quarter  of  an  inch  apart  All  the  copper  plates  of  a 
number  of  such  rolls  are  united  by  soldering  with  a  single  metallic  rod,  and  all  the 
ainc  plates  with  another. 

Dry  Piles, — The  greatest  degree  of  in  tensity  is  obtamed  by  the  so-called  dry  pfles, 
which  consist  of  a  great  number  of  pairs  of  two  metals  separated  by  paper  instead 
of  a  liquid  conductor,  tinfoil  being  generally  used  as  the  positive,  and  peroxide  of 
manganese  as  the  negative  metal.  In  these  piles,  as  in  the  ordinary  voltaic  battery, 
the  motive  power  is  chemical  action,  the  exciting  liquid  bein^  the  moisture  in  the 
pi4)er,  the  oxygen  of  which  is  continually  combining  with  the  tin,  and  the  hydrogen 
with  the  oxygen  of  the  peroxide  of  manganese  (p.  421);  in  fact,  the  pile  acts  only 
•o  long  as  the  paper  remains  moist,  so  that  the  appellation  dry  pile  must  not  be 
understood  in  its  hteral  sense. 

The  best  way  of  constructing  a  dry  pile  is  to  take  a  sheet  of  paper  tinned  on  one 
tnde,  and  cover  it  on  the  other  side  with  a  paste  made  of  peroxide  of  manganese 
mixed  with  milk  and  starch  or  gelatin,  to  make  it  adhere.  The  paper  thus  coated  is 
Idt  to  dry,  and  then  punched  into  a  number  of  small  circular  discs,  which  are  laid  one 
upon  the  other  in  a  glass  tube,  care  being  taken  that  the  tinned  surfaces  are  all  laid 
the  same  way  ;  when  the  tube  is  quite  full,  its  ends  are  closed  with  brass  caps,  which 
mast  be  metallically  connected  with  the  two  extremities  of  the  pile. 

The  tin  end  of  such  a  pile  exhibits  —E;  the  manganese  end,  -fEl    A  pile  of 
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86Tira>al  thousand  pairs  produces  etrong  dirergenoe  of  the  leaves  of  an  electroscope, 
wht'n  one  of  its  eiidB  ia  brouji^ht  in  contact  with  the  cap  of  the  instnimenl:,  while  iho 
other  is  hdd  in  th*t  hand;and^  on  connecting  its  two  polca  hy  a  wlp^,  small  sparks  are 
obtaiDeiL  The  pile  doya  not  produce  a  continuous  current,  aLnce,  in  conscHjueDco  of 
thp  imperfect  conduction  of  the  paper-discs,  it  t^kea  some  time  to  recover  its  maxiuuim 
tension  after  Iwninp  diachai^ed.  With  a  dry  pile  composed  of  a  compariitive  eniaU 
numl>er  of  large  discs,  aome  of  the  dynamic  eflfcctfl  of  electJricity  niaj,  however,  be 
ol>taiiied  ;  thus  Delezt?nuesueceeded  in  decomposing  water  with  a  dry  pile  compoaed  of 
300  paipa,  each  having  a  surface  of  270  square  centimetres. 

The  chief  use  of  the  dry  pile  is  to  assist  in  the  coustraction  of  a  very  delicate 
^jeetrosGOpe,  culled  from  itH  inventor,  Boh7ienb<rffer'g  €i&:troscape.     It  con«iflt«  of  twa 
dry  piles,  0,  D  (^.  411),  placed  rerticaUy  at  a  diiitance  of  four 
or  five  inchc*s,  with  their  poles  in  opposite  directions;  and  of  a 
einglo  gold  leaf,  &,  BUBpendcd  just  midway  between  them  from  a 
brass  rod  passing  thr^iugh  the  cap,  A,  of  a  glass  receiver  which 
covers   the    whole    arRingement.      The   polos   of  the   two   piles, 
being   charged   with   opposite  electricities,    attract  the  gold  Ipaf 
in  oppoaite  directions,  so  that,  if  suspended  exactly  in  the  middle 
between  them,  it  hongs  vertically  while  not  itself  electrified ;  hut 
as  soon  as  the  slightest  charge    is  communicated  to  it,  it  moves 
towards  the  pile  whoso  superior   polo  is  choired  with  the  elcc- 
a  /  -      ad  «tricity  i>pp>osite  to  its  own.     The  instrument  is  so  sensitive  tlmt  it 
W  ^    I    ^^  affected  l>y  an  excited  rod  of  ^lase  or  Bealing  wax  at  the  distance 

■  W   1    ^^  ^  ^^'^  '  ^"  *^^^^'  ^^  ^  sometimea  too  delicate :  for  if  the  piles 

I  f!     1  '  ^^^  together^  and  the  leaf,  from  any  slight  dis- 

I  y     \  iixjwjj  a  fittle  out  of  the  vertical,  it  will  be  dmwn 

^J— ^^S^  Jj    ii,\i,,['i^  .MM'  pile  or  the  other,  even  though  not  itself  electrified. 

>( 07  I    ^  pith-ball  or  a  smidl  disc  of  gilt  pup^r  buapended  by  a  silk  thread 

between  the  opposite  poles  of   two  dry  piles,,  osdillatea  between 
them  tts  long  as  the  piles  continue  in  action. 
A  well  c'L>n>4tr«cted  dry  pile  will  remain  active  for  two  or  three  yean;  but  tiio 
action  ullirntit^ly  »UypH,  either  fi*om  desiccation  of  the  papcTj  op  ^m  formation  of  u 
thin  film  of  oxide  on  llie  surface  of  the  tin-foil. 

The  older  forms  of  the  galvanic  or  voltaic  apparatus,  viz.  the  pile  of  Yolta,  Cruik- 
shank's  trough,  and  Wtiliaston's  battery,  are  too  well  known  to  need  particalar  de- 
scription ;  moreover,  they  are  now  but  little  used.  They  all  Consist  of  a  series  of 
couples  of  zinc  and  copper,  excited  by  an  aeid  liquid,  generally  A  mixtnre  of  water  with 
^  of  ita  hulk  of  sulphuric  and  g*g  of  nitric  acid. 

Cons  tan  t  Bait  erifs.—  In  all  voltaic  combinationa  consisting  of  two  metals  and  oa^ 
liquid,  the  force  of  the  current  continually  diniiniflhes,ln  consequence  of  the  alterations 
which  the  chemical  action  produces  in  its  component  elements.  Consider,  for  examplo, 
the  ordinary  combination  of  sdnc,  sulphuric  acid,  and  copper.  As  the  zinc  dissolves, 
the  action  of  the  acitl  on  the  remaining  metal  becomes  less  enei^tic,  and  therefore  the 
electromotive  ibrce,  which  depends  upon  that  ivction,  is  diminished.  But,  besides  tliis, 
the  solphate  of  sine  thus  prcdoced,  and  the  water,  are  deoompoied  by  the  currtnt, 
hydrogen  and  cine  being  carried  towards  the  surfiice  of  the  coppenr.  The  «inc  is  there 
deposited,  and  tends  tu  form  a  counter  current,  just  as  if  a  plate  of  sine  were  substituted 
for  the  copper;  and  the  hydrogen  likewise  diminishes  the  Ibrce  of  the  current,  partly 
by  clinging  about  the  surface  of  the  copper,  and  forming  a  non-conducting  fi.lm,  which 
impi'dea  the  passa^  of  the  current,  partly  by  acting  as  a  positive  element,  in  the  same 
manner  as  in  Grove's  gas-battery  (p,  430),  and  thereby  also  genemting  a  coimt-er- 
eurrent.  "When  common  zinc  is  usm,  a  further  variation  arises  from  the  local  iwrtion 
induced  by  the  foreign  metals  present  in  the  zinc,  and  continujilly  increases  as  those 
metals  are  separated  in  larger  quantity  (p.  418).  This  lafit  Lnconvenienco  ia  com- 
pletely obviate<l  by  the  use  of  amalgamated  zinc. 

The  variation  of  power  nriuing  from  the  saturation  of  the  acid  may  be  prevented  by 
CTiidually  removing  the  spent  liqiuid  and  rct^lacing  it  with  fresh  acid,  which,  however, 
introduces  considerable  compbcatlon  into  tlie  arrangement  of  the  battery  ;  this  source 
of  variation  is  greatly  diminished  by  the  use  of  unialgamated  zinCi  which  acts  only 
while  the  circuit  is  closed,  and  therefore  does  not  saturate  the  acid  so  quickly. 

The  variation  arising  from  the  tmnafer^nce  of  xinc  and  hydrogen  to  the  surface  of 
the  negative  metjd  is  prevented  by  immersing  that  metal  in  a  liquid  of  difierent  com- 
p<j«*iticin  from  that  which  acts  upon  the  «mc,  and  capable  of  absorbing  the  hydrogen, 
iho  two  bquidat»eing  separated  by  a  porous  partition,  which  prevents  them  from  mixing, 
but  docs  not  interrupt  the  electric  communication.  This  object  may  be  eifecte<l  by 
various  arrangements,  the  most  important  of  which  are  the  battc^ries  of  Daniel  I, 
Grove,  and  Bunseti. 
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In  DanidTs  battery^  each  cell  consists  of  a  copper  cylinder,  c  o  within  which  is 
placed   a  cell  ab^  either   of  porous  earthenware  or  animal 
membrane,  filled  with  a  mixture  of  1  measure  of  strong  sul-  Fiff.  412. 

phuric  add  and  8  measures  of  water,  and  in  this  is  immersed 
a  cylinder  of  amalgamated  zinc  r.  The  space  between  the 
porous  cell  and  the  copper  cylinder  is  filled  with  a  saturated 
solution  of  sulphate  of  copper.  On  connecting  the  zinc  with 
the  copper  by  a  wire,  the  zinc  dissolves,  and  the  particles 
of  the  two  liquids  become  polarised  in  the  manner  represented 
below: 

ZinZn    QH    ClHiaCu    aCu    CuCu; 
_♦      —  ♦     —  +  1   —    +      -+      —     + 

the  sulphates,  for  greater  simplicity,  being  supposed  to  be  re- 
placed by  chlorides.  The  last  atom  of  hydrogen,  instead  of 
passing  on  to  the  copper,  unites  with  the  chlorine  of  the  first 
atom  of  chloride  of  copper  beyond  the  porous  diaphragm;  the 
atom  of  copper  thus  set  free  unites  with  the  next  atom  of 
chlorine,  and  so  on,  till  the  last  molecule  of  cupric  chloride  is 
reached,  the  copper-atom  of  which  is  deposited  on  the  surface 
of  the  copper  cylinder  in  the  metallic  stat-e.  Thus  the  copper, 
instead  of  having  its  surface  tarnished  by  a  deposit  of  zinc,  or 
polarised  by  adhering  hydrogen,  is  kept  continually  bright  by 
fresh  deposits  of  metallic  copper.  o 

This  IS  the  action  which  goes  on  in  a  DanieU's  cell,  so  long  as  the  copper  solution 
remains  tolerably  well  saturated.  It  is  dear,  however,  that  in  course  of  time  it  must 
become  weak  unless  renewed ;  and  when  it  becomes  dilute,  water  is  decomposed  as 
well  as  the  cupric  salt,  and  hydrogen  then  passes  on  to  the  copper  surface.  It  is 
important,  therefore,  to  keep  the  copper  solution  saturated ;  and  for  this  purpose  a 
shelf  of  perforated  copper  is  fixed  round  the  interior  of  the  copper  cylinder  at  about  an 
inch  below  its  upper  edge,  and  on  this  shelf  are  laid  crystals  of  cupric  sulphate,  which 
dissolve  as  fast  as  the  copper  is  removed  from  the  solution  by  the  action  of  the 
current 

A  Daniell*s  batteiy  thus  fitted  up  remains  nearly  constant  for  a  considerable  time ; 

but  the  add  of  course  becomes  gradually  exhausted.    To  preserve  it  at  a  constant 

strength,  the  copper  cylinder  A  B  was  originally  constructed  as  shown  in  fig.  413, 

with  a  siphon- tube  «/^,   proceeding  from,  its  lower  part  and  terminating  within 

Fig,  413.  Fig,  414. 


the  ox-gullet  a  h^FE,  which  formed  the  porous  cylinder.  By  this  tube  an  outlet  was 
provided  for  the  spent  liquid  as  fri>sh  acid  was  poured  in  at  the  top.  This  con- 
struction has,  however,  not  been  found  to  yield  suffident  advantage  in  point  of 
constancy  to  compensate  for  the  additional  complication  which  it  involves.  Buff  has 
contrived  a  modification  of  the  Daniell's  cell,  in  which  the  zinc  plate  or  cylinder  is 
sustained  by  a  counterpoise,  and  allowed  gradually  to  sink  in  the  liquid,  thus  pre- 
senting a  greater  surface  to  the  action  of  the  add  as  that  liquid  becomes  weaker. 

Groife*s  battery. — In  this  battery  (fi^.  414)  the  positive-metal  consists  of  amalga- 
mated zinc  immersed  in  sulphuric  add  diluted  with  about  10  times  its  bulk  of  wat«r,  and 
the  negative  metal  of  platinum  immersed  in  strong  nitric  acid.  Each  zinc  plate,  Z,  bent 
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round,  &e  id  tli<>f]gTiTie,  ig  cxiDUiQed  in  a  rectangular  ressol  of  g:laB8  or  g1az«d  eaTtHemrore  , 
A  B  C  B,  filled  with  djluti>  sttlpliuric  acid.  Seture^  the  two  bends  of  the  tine  plateiti 
phw?f''d  a  narrow  rectangiiliir  cell  of  porous  earthenware,  containing  strong  nitric  acid,  and  f 
in  thin  is  immersed  a  plat«  of  platiiium»  lientat  the  top  to  meet  the  next  einc  plat^j 
against  wliich  it  is  presyed  by  a  small  split  piece  of  wooa,  (l  The  action  of  thia  battery  I 
is  aimilar  t^  that  of  Daoiell's,  but  stronger,  because  the  hydrogen  evolved  tiy  thai 
decomposition  of  the  water  is  rapidlj  taken  up  by  the  nitric  acid^  which^  in  fact,,/ 
acta  upon  it  like  peroxide  of  lead,  or  inanganese  (p.  421)^  and  tendj*  greatly  to  in-  \ 
tensify  the  polarity  induced  by  the  action  of  the  zinc  on  the  sulphuric  acid.  The  1 
battery  is  not,  however,  so  constant  as  Baniell'a  :  for  thfl  nitric  acid  ia  very  quicklfi 
reduced  to  lower  oxides  ofnitrogeiii  and,  af^er  the  battery  baa  been  in  action  fori 
about  an  hour,  copious  red  fumea  are  given  of^  which  camsg  great  annoyance.  This  I 
iiieonvenienco  may  be  diminished  by  using  weaker  nitric  acid  (aeid  of  llf),  mixed  I 
with  half  its  hulk  of  water),  or  by  mixing  the  stronger  acid  with  one-third  or  one-  j 
hiUf  its  volume  of  strong  sulphuric  acid ;  both  these  methoda  render  tJie  action  lesi 
Tariatde  i  but  the  former  greatly  diminiahea  the  force  of  the  current ;  the  latter  is, 
therefore,  to  be  preferred, 

Bunsen*  hatterrf  {Jig.  415)  is  the  same  as  GroveV,  excepting  that  the  platinum  im  i 
placed  hy  compact  ehaneoal  or  coke.  Each  couple  consists  of  a  boUow  cylinder  of  carbon  J 
enclosed  in  a  glass  vcKsel  contiuninp;  nitric  acid,  and  encloses  a  cell  of  porous  earthen  warwl 
which  contoiuii  dilute  sulphuric  acid,  and  a  cylinder  ofanmlgamated  zinc.     The  upper] 

Fig,  415. 


^ 


rim  of  each  carbon  cyHnder  is  enclosed  by  a  copper  rin^,  to  which  it  attached  a  riband 
of  the  same  metal,  Herring  to  connect  it  with  the  £inc  of  the  next  couple,  in  the 
manner  shown  in  the  figure. 

The  carbon  for  these  battoriefl  Lb  obtained  as  described  at  p-  760,  to!,  i.  Its  con- 
ducting power  18  somewhat  leas  than  that  of  platinum,  and  consequently  the  current 
produced  on  first  dosing  the  circuit  is  less  violent  thou  that  of  Grove's  battery,  and, 
on  this  account,  somewhat  more  constant. 

The  platinum  in  Grove'a  battery  may  also  be  replaced  by  lead  coated  with  gold  or 
platinum  (Call an.  Ann.  Ch.  FhyB.  [3]  viii.  28) ;  also  by  iron  rendered  pa»«ire  by  iro- 
mcwion  in  strong  nitric  acid  ;  iron  in  its  ordinary  state  may  be  used  as  the  positivo 
metal,  with  passive  iron  as  the  negative,  but  amalgamated  rinc  is  better  (Schonbe  in). 
Cull  an  has  obtained  good  resultw  with  amalgii  mated  aiuc  and  cast  iron  immersed  in 
dilute  pul plume  acid,  without  thp  use  of  nitric  acid. 

The  variation  in  tlie  strength  of  the  current  arising  from  the  adhosion  of  hydrogen 
to  the  fturfiiee  of  the  negative  metal  may  tdao  be  pnijventod.  to  a  great  ext«?nl,  by 
covering  the  Burfdce  of  that  met^d  wif h  a  coating  of  finely  divided  pliitinitm  or  ^i^VL  , 
PUites  of  platinum  or  silver  m«y  l>ethus  eoatid  by  imnnrwioD  in  a  solulion  of  elilorido 
of  platinum  or  chloride  of  gold.  MetaLa  thus  coated  with  philinum  are  said  to  be 
platinmd. 
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Sme^8  battery f  wHcli  consists  of  a  series  of  pairs  of  amalgamated  zinc  and  platinised 
platinum,  immersed  in  dilute  sulphuric  acid,  produces  a  current  of  much  greater  con- 
stancy than  might  be  expected  from  a  battery  of  only  one  liquid,  because  the  hydrogen 
does  not  adhere  to  the  rough  surface  of  the  platinised  platinum.  The  form  of  the 
plates  is  similar  to  that  adopted  in  Grove's  battery,  the  plates  of  zinc  being  bent 
double,  and  the  platinum  plates  interposed  between  the  two  surfaces  formed  by  the 
bend ;  but  as  there  is  only  one  liquid,  and  no  porous  cell,  the  two  surfaces  of  each 
zinc  plate  may  be  brought  much  nearer  to  each  other  than  in  Grove's  battery.  The 
battexy  is  charged  with  a  mixture  of  1  pt.  sulphuric  acid  to  7  pts.  water.  The  plates 
are  attached  to  a  frame,  by  which  they  can  be  easily  lifted  out  of  the  trough  when 
sot  required  to  act. 

Platinised  silver  may  be  used  instead  of  platinised  platinum,  but  silver  is  not  very 
easily  platinised,  on  account  of  the  high  polish  of  its  surface. 

None  of  the  forms  of  battery  above  described  are  capable  of  yielding  a  really  con- 
stant current  Daniell's  construction  gives  the  nearest  approach  to  constancy;  but 
even  in  this,  variations  must  arise,  as  it  is  impossible  to  keep  the  acid  at  a  perfectly 
uniform  strength.  The  only  way  of  obtaining  a  perfectly  constant  cuirent,  is  to  inter- 
pose in  the  circuit,  a  conductor,  the  resistance  of  which  can  be  made  to  vary  inversely 
as  the  strength  of  the  action  in  the  battery.  The  mode  of  effecting  this  will  l>o 
described  hereafter  (p.  464). 

2.  Development  of  Electricity  by  the  Chemical  Action  of  Solutions  one  upon  the 

other. 

"When  two  conducting  liquids  act  upon  one  another,  a  development  of  electricity 
takes  place,  the  more  acid  liquid  becoming  positive,  and  the  more  alkaline  liquid 
negative.  This  may  be  shown  by 
plunging  two  perfectly  clean  plates 
of  platinum,  connected  with  the 
ends  of  a  galvanometer  wire,  one 
in  nitric  acid  contained  in  a  glass 
vessel  <?  (fy.  416),  the  other  in  a 
solution  of  potash  contained  in  an- 
other glass  vessel  c,  and  connecting 
the  two  liquids  by  means  of  a 
handle  of  cotton  or  asbestos  fibres 
p  m  q,  steeped  in  a  slightly  acid  or 
saline  solution.  The  acid  and  alkali  then  rise  through  the  bundle  of  fibres,  by  capillarity, 
and  as  soon  as  they  mix,  a  current  is  produced,  tlie  ■¥  E  passing  from  the  acid 
through  the  galvanometer  to  the  alkali.  That  this  effect  is  really  due  to  the  mutual 
action  of  the  acid  and  alkali,  and  not,  as  Davy  supposed,  to  the  different  action  of 
the  two  liquids  on  the  platinum  plates,  may  be  proved  by  immersing  the  two  plates  in 
cups  containing  a  solution  of  nitre,  connecting  these  two  cups  b^  means  of  a  bundle  of 
a8l>ef<tos  or  cotton  fibres,  one  with  the  nitric  acid,  the  other  with  the  potash,  and  the 
acid  and  alkali  by  another  bundle  of  asbestos  as  before.  The  current  is  then  produced 
in  the  same  direction  as  with  the  former  arrangement,  but  somewhat  weaker,  on  account 
of  the  small  conducting  power  of  the  nitre  solution.  Another  mode  of  operating,  so  as  to 
obviate  the  objection  above-mentioned,  is  to  plunge  the  two  platinum  plates  attached 
to  the  galvanometer  coil  into  vessels  containing  nitric  acid,  connect  these  vessels  by  a 
bundle  of  cotton  fibres  about  four  inches  long,  moistened  with  water,  then  drop  gently, 
by  means  of  a  tube,  a  small  quantity  of  acid  and  of  potash  solution  near  the  middle 
of  the  cotton.  As  long  as  these  drops  of  liquid  remain  separate,  no  current  is  formed ; 
but  as  soon  as  they  mix,  a  current  is  produced  in  the  same  direction  as  in  the  preced- 
ing experiments,  the  +  E  passing  from  the  alkali  to  the  acid,  and  thenco  through  the 
connecting  wire  to  the  alkali  again. 

If,  in  the  first  arrangement,  the  cotton  or  asbestos  is  moistened  with  a  strong  solu- 
tion of  any  salt^  such  as  chloride  or  sulphate  of  sodium,  a  current  is  at  first  formed  by 
the  action  of  this  solution  on  the  acid  and  on  the  alkali ;  this  current  is,  however, 
comparatively  feeble,  and  is  soon  succeeded  by  the  stronger  current  resulting  from 
the  mixture  of  the  acid  and  alkali.  Thus,  nitric  acid  and  potash  connected  by 
cotton  containing  sulphate  of  sodium,  produced,  at  first,  a  deflection  of  4°  or  6^  in 
the  galvanometer,  but  after  a  few  seconds  a  deflection  of  20°,  which  remained 
constant. 

Electric  currents  are  also  produced  by  the  action  of  one  acid  upon  another ;  thus, 
when  strong  sulphuric  acid  is  carefully  poured  into  one  branch  of  a  U-tube  {fy, 
417X  *Jid  nitric  acid  into  the  other,  po  that  the  two  liquids  may  meet  in  w,  without 
mixing,  and  the  phitinum  terminals  a  h  of  a  galvanometer  are  made  to  dip  into 
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die  two  acids,  a  cmrcnt  is  formed,  in  wMch  the  +  ^passes  frora  the  nitric  acid  directly 

to  the  sulphunc  a<?id,  and  thence  through  the  ^*  1 
vanometer  back  to  the  nitric  acid,  the  kit  op  | 
acting,  in  fact,  as  a  base  to  the  sulphuric  acid*  j 
Phosphoric  add  acts  with  nitric  acid  in  thesam*^ 
w&j  OB  flulphuric  acid,  and  with  sulphuric  ftcidj 
in  ihe  Borae  manner  as  the  latter  acta  witli  nitrie  J 
acid. 

Of  tie  conducting  Folutions  in  the  folio 
Beries,  each  is  negative  with  those  which  foUow,  an3 
po9itivf  with  those  which  precede,  it ;  the  tcim  ] 
positivf  being  here,  aa  before,  applied  to  the  body  1 
from  which  the+  -^  passes  directly  to  the  otbemr  j 
Phosphoric  €U?id^  nUphurie  acid,  nitric  acii^l 
hf/drochloric  acid^  aevtic   acid^   saline    soiutions^] 
alkaline  solutions. 
Water  is  for  the  meet  part  positive  with  acids  and  negative  with  alkalies. 
In  all   arrringementa  like  those  above  descrih^d,  it  is  of  great  importance  to  clean 
tlie  platinum  plates  before  each  experlnaent,  by  heating  them  to  redness^  then  immers- 
ing them  in  Iwiling  nitric  acid,  and,  lastlTj  washing  them  in  distilled  water.      Thejf  j 
t<hould  then  be   tested  bj  connecting  them  with  a   galvanometer,  and  immersing  j 
them  in  the  same  liquid — nitric  acid,  for  example.    If  quite  clcjtn^  they  will  prodne**  no 
current;  if*   on  the  other  huind,  the  needle  is  deflected,  it  may  bo  concluded  that  the 
plates  are  p&lariscd,  by  the  deposition  of  a  iUin  of  oxygen  gas  on  the  one,  and  hydro-  I 
gen  on  the  other,  these  gaaes  resulting  from  the  oleetn:dytic  action  which  has  taken 
place  in  the  liquids  in  which  th©  plates  were  pnmously  immersed  (see  the  next  section)^ 
The  effi^t  of  these  gaseous  deposits  is  to  produce  a  current  in  the  direction  inverse  to  j 
tliat  of  the  current  by  which  they  have  been  formed,  and  this  current  may  diminish^ 
or  eveu  completely  neutraliso,  that  which  it  is  deaired  to  produce- 
To  obviat^j  this  source  of  error,  Becquorel  contrived  an  apparatus  called  a  (f^^/flrMW, 
consisting  of  a  mechanical  arrangement  by  wluch  euch  of  the  platinum  plates  is  lifted 
out  of  the  solution  in  which  it  has  beeu  immeised,  and  plun^red  into  the  other,  their 
connections  with  the  galvanometer  renuuning,  howeve^r,  unchanged*      The  result  of  || 
this  continual  shifting  of  the  pktcs  is,  that  neither  of  them  remains  in  either  of  the  i 
liquids  long  enough  to  become  polarised,  and  therefore  the  eecondarv  current  above- 
mentioned  is  not  produced.     By  means  of  this  apparatus,  Hecqnerel  lias  l>eea  able  to  ' 
deteet  the  production  of  a  cun-ent  by  the  mutual  action  of  liquids^  in  many  cases  ia  I 
which  it  would  not  otherwise  have  been  apparent 


Fig,  418. 


The  intensity  of  tlie  current  ppxluced  by  the  mntoal  action  of  I 
liquids  Diay^  of  course,  be  inereaited  by  joining  seTeral  couples  to-  ^ 
gethePt  the  two  liquids  in  each  cell  bein^  separated  by  a  porous 
diaphragm,  or,  if  they  differ  greatly  in  density,  simply  laid  one  upon 
the  other.  The  couples  are  connected  hy  wires  of  copper  or  plati- 
num, the  extremities  of  which  dip  into  the  positive  liquid  of  on  a 
cell  and  the  negative  of  the  next, 

A  very  remarkable  form  of  couple,  composed  of  two  liquids  and  ona  i 
metal,   is  that  which  is  known  as  Becqu^rrta  Oxt^qeH'-circmt.     C  D  j 
{fy.  418)  is  a  gliiss  Ixfttle,  into  the  neck  of  which  is  inserted  a  glass  J 
tube  Ali,  kept  in  its  place  by  a  cork.     Over  the  Inittom  of  the  tube  B 
is  tied  a  piece  of  lineui,  on  wliich  is  nlaced  a  layer  of  moist  day,  about  | 
half  an  inch  thick,  and  on  this  is  laid  a  piece  of  cotton-wool^  to  pre-  , 
Tcnt  it  from  mixing  with  the  supernatant  liquid.     The  bottle  i«  filled 
with  nitric  acidt  the  tul>e  with  solution  of  caustic  potash.     The  two 
liquids  come  into  contact  through  the  moist  clay,  and  are  also  con- 
nected by  means  of  a  wire,  which  may  be  that  of  a  galvanometer,  ter- 
minating in  two  plat<w  of  platinum  P  N,  the  former  immersed  in  the 
potash,  the  latter  in  the  nitric  acid.     On  miiking  this  connection,  ft  , 
strong  current  is  produced,  the  ^E  pjissing  from  N  along  the  win  j 
to  P,  and  at  the  same  time  the  wuh^r  of  the  potiifih  solution  is  de- 
composed, its  oxygen  e^cuping  in  bubbles  at  r,  while  the  hydrogen 
is  transferred  to  the  nitric  acid,  which  it  partly  reduces  to  nitrous  acid,  thereby 
ooloTU'ing  the  liquid  around  it  fed  or  green. 

The  current  produced  by  thh  oxygrn -circuit  is  of  constant  strength,  because  the 
plates  do  not  become  polarised;  in  fact,  although  the  nitrate  of  potasisium  formed  by  the 
union   of   the    aciil    and    alkali    is    decomposed    hy    the  current,    the    acid    being^i 
transferred  to  the  plato  P,  and   the    alkali   to  A",    tlie   acid   is    immediately    neu- 
ti-aliHCtl  by  the  potash  ut  P,  and  the  alkali  by  the  nitric  acid  at  y^  so  that  they 
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do  not  remain  attached  to  the  plates.  This  arrangement  was  the  earliest  form  of  a  con- 
stant Toltaic  current  Its  power  may  be  considenibly  increased  by  making  the  plate 
P  of  amalgamated  zinc  instead  of  platinum ;  the  zinc  takes  hold  of  the  oxygen,  and 
produces  an  electric  polarisation  in  the  same  direction  as  that  resulting  from  the  mutual 
action  of  the  acid  and  alkali.  A  single  couple  thus  constituted  decomposes  water 
with  facility,  and  by  uniting  several  such  couples  a  powerful  battery  is  obtained 

Electricity  developed  by  Decomposition  of  Solutions. — ^When  water  holding  any  sub- 
stance in  solution  is  evaporated  in  a  platinum  vessel  placed  on  the  plate  of  a  con- 
densing electroscope,  the  metallic  vessel  acquires  a  positive  charge  when  the  solution 
is  alkaline,  and  negative  when  it  is  acid,  the  opposite  electricity  being  in  each  case 
carried  off  by  the  wat«r.  A  solution  of  ammonia  forms,  however,  an  exception  to  the 
general  behaviour  of  alkaline  liquids,  because  the  ammonia,  being  more  volatile  than 
the  water,  carries  off  the  +  £^  and  leaves  the  water  negative.  To  exhibit  these  effects 
the  evaporation  must  be  rapid,  otherwise  the  opposite  electricities  have  time  to  re- 
combine.  A  convenient  apparatus  for  the  purpose  is  a  small  wide  platinum  capsule, 
or  a  thick  piece  of  platinum  foil,  slightly  hollowed  out  in  the  middle.  This  is  to  be 
connected  with  the  lower  plate  of  the  condenser,  then  heated  to  redness,  and  a  few 
drops  of  the  solution  poured  into  it.  A  comparative  experiment  should  first  be  made 
with  pure  water  to  ensure  that  there  is  no  electricitv  developed  by  the  friction  of 
minute  globules  of  water  against  the  edge  of  the  vessel  Peltier  has  observed,  that 
the  development  of  electricity  in  these  experiments  does  not  take  place  during  the 
whole  time  of  the  evaporation,  but  only  at  the  moment  when  the  liquid,  quitting  the 
spheroidal  state  into  which  it  has  been  thrown  by  contact  with  the  hot  metal,  experi- 
ences a  kind  of  crepitation ;  he  thence  concludes  that  the  electric  excitement  is  due  to 
the  separation  of  combined  water,  and  not  to  the  mere  evaporation  of  the  water  which 
holds  the  substance  in  solution. 

3.  Development  of  Electricity  by  the  mutual  Action  of  Gases  and  Liquids, 
Polarisation;  Gas-Batteries, 

We  have  already  had  occasion  to  notice  several  instances  in  which  the  current 
produced  by  a  voltaic  couple  is  weakened,  or  even  neutralised,  by  the  action  of 
films  of  liquid  or  gas  attaching  themselves  to  the  surfaces  of  the  solid  elements. 
This  kind  of  action  was  first  observed  by  Bitter,  who  found  that  a  pile  composed 
of  a  number  of  discs  of  the  same  metal,  separated  by  pieces  of  moistened  doth, 
though  inactive  of  itself,  acquired,  by  connection  for  a  few  seconds,  with  the 
poles  of  an  ordinary  voltaic  battery,  a  kind  of  secondary  pol<irity^  which  enabled  it  for 
a  short  time  afterwards  to  exhibit  electric  tension  at  its  extremities,  and  produce  a 
current  capable  of  decomposing  water.  This  effect,  as  pointed  out  by  Yolta,  is  due  to 
the  decomposition  of  the  liquid  between  the  metallic  discs,  resulting  from  the  batteiy- 
current  sent  through  it,  whereby,  if  the  discs  are  moistened  with  a  saline  solution,  acid 
is  transferred  towards  the  end  of  the  pile  connected  with  the  positive  pole  of  the 
battery,  and  alkali  in  the  contrarpr  direction,  so  that  one  surface  of  each  of  the 
metallic  discs  becomes  covered  with  acid,  and  the  other  with  alkali.  Hence,  as 
already  shown,  a  current  is  produced,  in  wliich  +  E  passes  from  the  alkali  to  the  add, 
that  is  to  say,  in  the  opposite  direction  to  that  of  the  original  current.  This  so-called 
^polarisation  of  metallic  surfaces  may  be  produced  on  a  single  pair  of  platinum  plates  by 
immersing  them  in  a  saline  solution,  and  sending  a  current  through  it  for  a  short 
time ;  if  the  current  be  then  stopped,  and  the  plates,  while  still  immersed  in  the 
liquid,  connected  with  the  ends  of  a  galvanometer  coil,  a  strong  inverse  current  will 
be  produced,  lasting  for  several  seconds.  The  same  effect  may  be  produced,  without 
the  intervention  of  electrolysis,  by  simply  immersing  one  of  the  plates  in  add,  the 
other  in  alkali,  then  connecting  them  with  a  galvanometer,  and  plunging  them  into  a 
conducting  solution. 

Plates  of  platinum  become  polarised  in  a  similar  manner,  when  immersed  in  water 
either  pure  or  acidulated,  and  connected  with  the  poles  of  a  battery,  the  effect,  in 
this  case,  being  due  to  the  films  of  hydrogen  and  oxygen  which  collect  on  the  nega- 
tive and  positive  plates  respectively.  That  this  is  the  true  explanation  of  the  pheno- 
menon, is  shown  by  the  following  facts : — 1.  The  polarity  of  the  platinum  plates  is 
destroyed  by  heating  them  to  redness.  2.  When  the  plate  which  has  been  connected 
with  the  positive  pole  of  the  battery  is  introduced  into  a  graduated  tube  filled  with 
hydro^n,  and  the  other  into  a  tube  filled  with  oxygen,  both  gases  are  ^dually 
absorbed,  the  hydrogen  disappearing  twice  as  fast  as  the  oxygen.  3.  The  polarisation  of 
the  platinum  plates  may  be  produced  without  the  aid  of  electrolytic  action,  by  simply 
immersing  one  of  them  in  hydrogen,  and  the  other  in  oxygen  ^ba.  On  subsequently 
connecting  the  plates  with  a  galvanometer,  and  then  plunging  them  into  water,  a 
strong  corrcDt  ia  obtained,  the  +  E  passing  from  the  plute  which  has  been  immersed 
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in  tLo  hydrogen,  through  the  liquiil,  to  the  pkte  which  has  l^ecn  immcned  in  the 

ojcygen- 

Grove's  Gwt-baiterf, — Tho  Becond&rj  cozrents  produced  hy  polariijcd  plates,  ss  above 
described,  aro  but  of  Bhort  duration  ;  but  Gbove  hfls  succoedt-d,  by  a 
peculiar  arrangrmcnt  founded  on  the  uame  principles^  in  producing 
a  contiuuous  current;.  Two  ghi&s  tiil>ea  {fig.  419),  cloi)«d  at  top, 
and  each  containing  a  plate  of  platinised  piatinum  (p*  426).  con- 
nected with  a  platinum  wire  piiiM*ing  through  the  top,  afo  filled 
with  addolatcd  water,  and  support^  in  a  ^laaa  reMel,  a  a,  ahio 
filled  with  acidulated  water.  One  of  the  tub«8  is  then  filled  with 
oxygen  gas,  and  the  other  with  hydrogen,  and  the  external  wiira 
y,  A,  are  connected  with  a  galvanometer*  A  strong  current  is  tbf»n 
produced,  proceeding  from  the  hydrogen  plate,  through  the  liquid^ 
to  the  oxyii^n  plato,  and  at  the  same  time  the  gaaea  in  tho  tubes 
gradually  disappear,  the  hydrogen  twice  as  last  aa  the  oxygen. 
By  connecting  a  number  of  such  pairs  together,  the  hydrogen  plate 
of  the  on©  with  the  oxygen  plate  of  the  next,  a  "  gas-battery  "  ia 
obtained,  capable  of  giving  sparka  and  shocka,  decomposing 
wat49r,  &c. 

The  exciting  action  in  this  battery  talces  place  at  tho  surfkcefl  of 
contact  of  the  platinum,  tho  liquid,  and  the  gasect.  The  hydrogen 
adhering  to  the  surfuce  of  the  platinum,  in  Uiehneof  contact  between 
that  surface  and  the  liquid,  polariBes  the  particlea  ol  the  liquid, 
so  tlrnt  the  oxygon-atom  of  each  molecule  of  water  is  tumea  to* 
wards  it^  and  tho  hydrogen-atomB  the  other  way — in  short,  it  acta 
just  like  the  line  in  tho  ordinary  biittery.  MoreoTcr^  the  oxygen 
111  contact  with  the  platinum  in  the  other  tube  polariaes  tho  ui'»le- 

culey  of  water  in  the  same  direction,  and  thus  the  intensity  of  the  action  is  doubled. 

The  polarisation  of  a  chain  of  part  ides  may  be  thus  represented: 
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On  making  a  connection  between  the  two  plntinum  plates,  the  ~E  of  the  one  unites 
with  the  +  Eof  the  other ;  the  free  hydrogen  in  contact  with  the  first  unites  with  tlio 
oxygen  of  the  udjacent  molecule  of  water,  the  hydrogen  of  tliis  with  the  next,  and  tio 
throughout  the  series. 

The  use  of  platinised  platinum  in  this  batter}*  is  not  absolutely  necesaaiy^  as  clean 
polished  plates  of  tlie  met^il  act  in  the  same  way ;  but  the  platinised  platinum  acta  more 
powerfully  on  account  of  the  greater  surface  which  it  affords  Platinum  is  peculiarly 
adapted  for  forming  part  of  sui^h  an  arrougement,  by  ita  medium  position  on  the 
filectrical  or  chemical  scale  (p.  IS).  If  an  oxidablc  metal  ware  used,' the  e^ct  would 
ba  complicated  by  ita  affinity  for  the  oxygen. 

The  action  of  the  battery  is  exactly  the  same  whether  the  gases  which  fill  the  tubes 
are  eyolved  Ijy  the  electrolysis  of  wiiter,  or  prepared  by  ordinary  chemical  mt'tJiods. 

Several  other  combinations  of  gase^  hsyo  likcwiso  been  tried,  Tii.  chlorine  and 
hydrogen,  chlorine  and  carbonic  oxid^,  oxygen  and  nitrous  oxide,  hydrogen  and 
carbonic  oxide;  but  none  of  them  are  well  adnpted  for  actual  use  in  the  battery* 
Chlorine  and  hydrogen  give  a  powerful  current ;  but  the  rapid  absorption  of  the 
chlorine  soon  put^j  a  stop  to  the  action.  Chlorine  and  oxygen  on  tlie  one  side*  and 
hydrogen  and  carbonic  oxide  on  tiie  other,  are  the  only  gases  whlcli  appear  to  be 
cupable  of  producing  a  continuous  current  in  the  same  mauner  as  hydrogen  and  oxygen* 
The  other  combinations  produce  no  cfieet  a^cr  the  first  few  miinutcs. 

Passive  gtaie  o/meiah. — TVhexi  a  piece  of  clean  iron  wire  is  immersed  in  nitric  acid 
together  with  platinum,  the  latter  being  introduced  first,  and  the  two  connected  with 
a  galvanometer,  a  powerful  current  is  formed  at  the  first  instant,  the  iron  forming  the 
positive  metal ;  but  the  HtrengtJj  of  the  current  quickly  falls  to  a  very  small  amount, 
at  which  it  may  remain  constant  for  seveml  days.     This  efiect  is  evidently  due  to  llif  ~ 
formation  of  a  thin  Cuating  of  oxide.     The  iron  thus  treated  is  no  longer  uttacktnl  hj 
atrong  nitric  acid,  but  may  be  preserved  in  it  for  any  length  of  time  without  change;,] 
in  this  state  it  is  said  to  be  jpasaive.     When  an  iron  wire  in  this  state  is  immersed  idij 
nitric  acid,,  and  another  iron  wire  brought  in  contact  with  it,  and  then  dipp^nl  into  th« 
acid,  this  wire  h  likewise  rendered  p»tissive,  forming  in  fact  the  jjOHitive  metfil  of  il 
voltaic  couple,  in  which  the  firyt  wire  is  the  negative  metal.     In  like  manner,  a  third] 
wire  may  be  rendered  passive  by  connection  with  the  second,  and  so  on.     Ivon  Tnnji 
also  bo  rendered  passive  by  mere  immersion  in  very  strong  nitric  acid,  or  by  holdiiiifi 
it  for  a  few  seconds  in  the  fiome  of  a  spirit-lamp,  whereby  it  becomes  superficially 
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oxidised ;  or  again,  b^  holding  the  extremity  of  the  wire  for  a  short  time  in  the  lamp- 
ftame,  and  then  dipping  it  gradually  into  nitric  acid,  the  oxidised  end  first. 

Iron  thns  rendered  passive  may  be  restored  to  its  ordinary  state  by  any  treatment 
which  removes  the  snperfidal  coating  of  oxide,  e,  g.  by  touching  it  while  immersed  in 
acid  with  a  piece  of  ordinary  iron,  or  with  zinc ;  or  by  making  it  serve  for  an  instant 
as  tlie  iie|^ve  pole  of  a  voltaic  battery  in  the  decomposition  of  water,  so  as  to  cause 
an  evolution  of  hydrogen  upon  its  sorfiice ;  also  by  immersing  it  in  hydrochloric  acid, 
which  dissolves  off  the  film  of  oxide,  or  even  by  washing  it  with  water  and  rubbing  it 
with  bibulous  paper. 

Passive  iron,  as  already  observed,  has  been  recommended  as  a  substitute  for  platinum 
in  Grove's  battsiy ;  it  is  not,  however,  well  adapted  for  the  purpose,  as  the  film  of 
oixide  on  its  surfoiee  soon  becomes  reduced. 

Other  metals,  viz.  silver,  copper,  tin,  aluminium,  and  especially  bismuth,  may  be 
brought  into  the  passive  state  by  the  methods  above  described ;  but  the  effect  is  not 
80  marked  with  any  of  them  as  with  iron.    (Qm.  i.  353—362.) 

4.  Devdopment  of  EUctrieity  by  Combustion, 

Combustion,  like  all  other  forms  of  chemical  action,  is  attended  with  disengage- 
ment of  electricity.  Yolta  first  showed  that  electricity  is  evolved  in  the  combustion 
of  carbon;  and  the  phenomenon  was  afterwards  more  completely  examined  by  Pouillet, 
who  found  that  when  a  cylinder  of  charcoal,  of  good  conducting  power,  is  set  on  fire 
at  one  end,  then  placed  on  a  metal  plate  communicating  with  a  condenser,  and  blown 
upon  to  keep  up  the  combustion  in  the  upper  part,  the  charcoal  and  the  metal  on 
which  it  rests  become  charged  with  — -E^  while  the  carbonic  anhydride  evolved 
exhibits  +  £^  as  may  be  shown  by  placing  over  it  a  metal  plate  communicating  with 
another  condenser.  When  hydrogen  bums  in  the  air  or  in  oxygen  gas,  the  hydrogen 
becomes  negative,  and  the  oxygen,  or  perhaps  the  vapour  of  water  formed  by  the 
combustion,  positive.  This  may  be  shown  by  means  of  an  insulated  spiral  of 
platinum  wire  connected  with  a  condenser,  and  held  first  in  the  middle  of  the  fiame, 
afterwards  at  a  little  distance  from  it    (Pouillet.) 

The  electric  phenomena  of  combustion  are  not,  however,  so  simple  as  would  appear 
from  these  experiments,  especially  when  the  combustion  tiikes  the  form  of  fiame.  In 
fact,  they  are  complicated  by  thermo-electric  effects,  to  such  an  extent  in  some  cases, 
that  many  observers  have  attributed  the  entire  effect  to  thermo-electric  action. 
Mr.  Grove  has,  however,  succeeded  in  showing  that  a  large  portion  of  the  electricity 
observed  is  really  due  to  chemical  action.  Two  platinum  wires  15  centimetres  long 
and  about  j  millimetre  in  diameter,  are  each  coiled  into  a  helix  at  one  end,  and  com- 
municate by  their  other  extremities  with  a  delicate  galvanometer.  One  of  the  coils 
is  placed  entirely  within  the  yellow  fiame  of  a  spirit-lamp  urged  by  the  blow-pipe, 
near  the  apex  of  the  blue  flame,  and  the  other  near  the  orifice  of  the  jet  of  air  at  the 
base  of  the  blue  cone,  or  root  of  the  fiame,  the  two  coils  being  separated  by  a  distance 
of  6  or  6  centimetres.  The  helix  at  the  apex  of  tho  blue  flame  is  heated  to  whiteness, 
while  the  other  remains  at  a  cheny-red  heat.  Under  these  circumstances,  the  galvano- 
meter indicates  a  deviation  of  6^ ;  the  coil  near  the  orifice  acting  like  the  zinc  or 
positive  metal  in  this  kind  of  voltaic  couple  with  respect  to  the  other. 

The  effect  just  described  is  not  due  to  a  thermo-electric  current  produced  at  tho 
junctions  of  the  copper  and  platinum-wires,  for  it  is  not  altered  by  neating  one  of 
these  points  of  junction  with  a  spirit-lamp.  Neither  is  it  a  thermo-electric  current 
due  to  the  unequal  heating  of  the  two  coils ;  for  its  direction  is  not  changed  by 
moving  the  coil  in  the  yellow  fiame  to  a  part  in  which  it  is  less  heated  than  the  other. 
If  the  coil  near  the  base  of  the  flame  be  brought  near  the  one  at  the  apex,  the  deflection 
of  the  needle  diminishes ;  but  its  direction  does  not  change  till  the  coils  are  brought 
very  near  together,  in  which  case  the  flame-current  is  overpowered  by  the  thermo- 
electric current,  whose  direction  is  determined  by  the  coil  which  is  most  heated. 

When  a  wire  of  zinc,  iron,  or  copper  is  substituted  for  one  of  the  platinum  wires,  the 
current  is  stronger  when  the  oxidable  metal  is  in  the  hottest  part  of  the  flame  and  tho 
platinum  wire  at  the  base,  than  in  the  contrary  case,  probably  because  the  oxidable 
wires,  bein^  thicker,  produce,  when  introduced  into  the  hot  flame,  a  cooling  effect, 
which  facihtates  the  development  of  a  thermo-electric  current  in  the  same  direction  as 
the  current  due  to  the  chemical  action  going  on  in  the  flame. 

The  effect  may  be  greatly  intensified  by  uniting  the  action  of  these  two  currents. 
This  is  effected  by  forming  a  piece  of  platinum  foil  into  a  small  cone  about  a  centi- 
metre in  depth  and  width,  and  introducing  this  cone  suspended  in  a  platinum  ring 
into  the  ftiU  flame  instead  of  the  platinum  coil.  The  little  hollow  cone  is  filled  with 
water,  which  is  renewed  from  time  to  time  by  means  of  a  pipette.  With  this  arrango- 
menti  a  current  is  obtained  capable  of  deflecting  the  galvanometer  needle  20^  or  30^, 
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and  m  the  sttme  direction  aa  tn  the  preceding  experimeDtfl.  Wheo  t-hc  cone  filled 
with  water  was  placed  at  tlio  buae  of  the  Hame  and  t!ie  call  at  the  apex,  the  dcTiation 
did  not  ejcceed  6°, 

These  expcnments  show  that  there  exists  in  flame  an  electric  current,  not  of  thermo- 
electric origin,  and  euch  that  the  platinum  at  thebaee  of  the  flame  playa  the  part  of  th«  j 
positive  metaJ  in  the  circuit  which  it  forma  with  the  platinum  at  the  apex.  (Grove.)  J 

ICattencci  attributett  the  fl^ime-current  to  the  same  mode  of  action  as  that  whidai 
takes  place  in  GroTc'a  goa-battcry.    In  fact,  in  the  arraogamenta  aboye  described,  ona  , 
of  the  platinum  wirea  is  in  contact  with  the  combustible  matter  of  thtt  flame,  ria* 
hydrogen  or  vaponr  of  alcohol^  the  other  with  the  oxygen  of  the  air,   and  between 
them  is  a  quantity  of  aqueous  yaponTi  the  partidei  of  which  become  polarised,  and 
suffer  electrolytic  decomposition  jnst  an  those  of  the  water  in  the  gas  battery;  tho^ 
direction  of  the  current  is  in  accordance  with  this  view,  the  platinum  immersed  in  the  [ 
hydrogen  or  alcohol-Tapour  acting  as  the  poe^itive  metoL     A  similar  explanation  iJ  j 
applicable  to  the  development  of  electricity  in  the  combustion  of  charcoal,  Matteucei  I 
hds  shown  that  when  pure  charcoal  bums  in  dry  oxygen  gas,  no  elecbicity  is  dcTeloped;  [ 
but  when  the  combustion  takes  place  in  moist  air  or  oxygcin,  an  electric  current  is  ] 
produced,  the  vapour  of  water  bningaa  before  the  electrolyte^  and  being  decomposed  by  J 
the  hot  charcoal,  just  aa  the  water  in  an  ordinary  voltaic  couple  is  decomposed  by  tho  | 
ainc ;  ao  that  the  charcoal  becovnea  diaiged  with  —E^  and  the  aqueous  vapour  andl 
carbonic  anhydride  with  +  K 


nawvirki    EfFBCTS   OF  THB  ElBCTBIO   CimiUDVT.      ElBCTBOLTSIS. 

The  decomposition  of  chemical  oompoimds  by  the  electric  current  has  been  already  1 
considered  in  connection  with  the  dischaige  of  friction  electricity  (p.  397),  and  witn  1 
the  development  of  electricity  by  cbcmical  action ;  but  there  are  several  important 
facts  and  laws  relating  to  it  which  must  now  be  more  fully  developed. 

"When  an  electric  current  passes  through  any  compctund  liquid,  the  elements  or 
radiclca  of  that  liquid  (regarded  as  a  binaiy  compound)  are  st'parat^d  and  transferred 
in  opposite  directioufl,  the  one  following  the  direction  of  the  positive,  the  other  that 
of  the  negative  electricity,  and  the  separation  going  on  oontmuously  hs  long  aa  the 
current  ia  kept  up.  The  separation  and  transfereace  of  the  elements  takes  place  in 
tho  same  manner,  from  whatever  source  the  electricity  may  be  derived  j  but  they  are 
exhibited  most  conspicuously  by  voltaic  electricily. 

Thia  mode  of  decomposition  is  called  Electrolysia  ( IjA^icrpoi^  and  Xu«4r);  tho 
compound  decomposed  ia  an  Electrolyte;  and  the  extremities  of  the  metal! io  or^ 
other  conductors  by  which  the  current  enters  the  liquid  are  called  Electrodes  (ij^Xcrrpe* 
and  Moi).  They  were  formerly  called  pttk^,  but  the  term  electrode  ia  preferable!, 
because  less  theoretical,  a  pole  being  usually  understood  as  a  oentre  of  ioree^  as  in 
fact  the  metallic  terminals  of  the  voltaic  battery  were  regarded  in  the  earlier  days  of  | 
the  science*  The  electrodes  are  in  most  cases  surfaces  of  met-al,  but  tJicy  may  also  ba 
surfaces  of  liquid  or  even  of  air,  as  in  the  decompositions  by  frictiou*electricity  described 
at  p.  397. 

Those  elements  or  radicles  which  follow  the  direction  of  the  current  of  positive 
electridtyi  mmI  are  evolved  at  the  negative  olectrodep  are  called  clectro-positiv© 
bodies ;  such  arw  for  the  most  part  hydrogen^  thf^  metals,  and  hmnc  radicles  in  general : 
thoBA  which  travel  in  the  direction  of  tho  curr<?nt  of  negative  electricity  and  aro 
eliminated  at  the  positive  electrode^  are  called  electro -negative  bodies;  such  ara 
oxygen,  chlorine,  iodine,  cyanogen^  and  acid  radicles  in  general  It  must  be  understood, 
however  that  the  electric  relations  of  tlpment«,  like  the  purely  chemical  relations  of  | 
acid  and  base,  are  not  absolute,  but  vary  according  to  the  combination  in  which  they  J 
exist ;  an  element  which  is  dectro-positive  in  one  combination  may  be  electro-negatiTt  I 
in  another,  1 

When  two  platinum  phites  or  wires  connected  with  the  poles  of  a  voltaic  battery*  of  1 
not  less  than  three  pairs,  are  plunged  into  water  addulated  with  sulphuric  acid,  to 
increase  ita  conducting  power,  streams  of  gas  are  evolved  from  the  liquid  at  the  sur-  i 
&cm  of  both  the  platinum  terminals  —  hydrogen  from  that  which  is  conn«?cted  with 
the  negative^  oxygen  from  that  which  is  connected  with  the  positive,  pole ;  and  if  tho  i 
gases  arc  collected  in  separate  tubes  placed  over  the  platinum  terminals,  the  hydrogen  | 
is  found  to  occupy  twice  the  volnme  of  the  oxygen.     The  quantity  of  these  gases  ' 

•  The  t^rmi  rtrctroiyn't.etfctrolyHy  and  eUttrodc  wefc  Introduced  by  FaradAj,  who  farthcT  declpstei 
the  Kurfftce  of  the  elect roljlf*  in  miituct  with  the  poilti?!:  elcctrcKlu  n*  tho  n  node,  and  Ch«t  which  li  la 
contact  with  the  negative  <»lcctrodu  at  the  cathode  }  he  oUo  app1i<'S  the  iorm«  .inion*  andcatioiiij 
ta  the  ck'iiietili  evolved  a:  the^  anodo  arxd  caLhndt'  re*p«ctivelf,  nnfl  inrhi^h*^  Lu'th  tc'ii  orclomentt  uodcfl 
tha  ftmernl  term,  Ioti  i.  For  thf*  dtrlvsiiinii  of  thei«  terms,  >«c  i'aradaif*i  Expetimentai  U^KartMt,  *akB  j 
viLi  alfto  tbtsaxtlclu  AMtuK  1ti  tliLi  tJiclioiiar|'» 
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•folTed  in  ft  giTon  time  serves  as  a  measure  of  the  chemical  power  of  the  battenr : 
henoe  an  apparatus  arranged  for  decomposing  water  in  this  manner  and  measuring  tne 
quantities  of  gas  obtained  is  called  aV  ol  tam  e  ter.  Fig,  420  represents  a  Toltameter  for 
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Fig.  421. 


Fig.  422. 


eolleeting  the  gases  in  separate  tubes ;  fig$.  421, 422,  Toltameters  in  ^diich  they  are  col- 
lected in  the  same  tube :  the  latter  is  ^nwally  the  more  convenient  form  of  measure- 
ment, because  a  laiser  (Quantity  of  gas  is  collected  in  a  given  time ;  but  when  particular 
accuracy  is  require^  it  is  best  to  collect  the  gases  separately,  and  measure  only  the 
hydrogen,  becMise  the  oxygen  is  somewhat  more  rapidly  absorbed  by  the  water. 

When  hydrochloric  acid  is  subjected  to  the  action  of  the  batteiy  with  platinum 
electrodes,  hydroffen  is  evolved  at  the  negative,  and  chlorine  at  the  positive  ekctiode ; 
but  with  copper  electrodes  chloride  of  oopperis  formed  at  the  latter.  1  o  d  i  d  e  o  f  po  tas- 
sinm  in  aqueous  solution,  with  platinum  electrodes,  yields  iodine  at  the  positive,  and 
potassium  at  the  negative  electrode,  the  potassium  not  however  being  separate  in  the 
metallic  state,  but  decomposing  the  water;  so  that  hydrogen  is  evolved  and  a  solution 
of  potash  is  formed.  Aqueous  sulphate  of  sodium  (Na^O^)  yields  in  like  manner 
sodium  at  the  negative,  SO*  at  the  positive  electrode,  the  sodium  being  converted  into 
soda,  with  elimination  of  hydrogen,  the  SO*  into  sulphuric  acid  (H'SO*)  with  elimina- 
tion of  oxygen.  Aqueous  sulphate  of  copper  (Cu*SO*)  yields  metallic  copper  at  the 
negatire,  and  sulphuric  acid  at  the  positive  electrode. 

Fused  iodideoflead  yields  iodine  at  the  positive,  lead  at  the  negative  electrode; 
other  fused  chlorides,  bromides,  and  iodides,  yield  similar  results. 

It  is  only  at  the  surf&oe  of  the  electrodes  that  any  signs  of  decomposition  are 
apparent;  the  intermediate  portion  of  the  liquid  appears  perfectly  quiescent;  nevertbe- 
los  this  portion  forms  part  of  the  circuit  along  which  the  current  passes,  and  must 
therefore  be  subject  to  its  influence ;  indeed,  if  we  regard  the  current  as  a  succession  of 
molecular  diarges  and  discharees,  taking  place  throughout  the  circuit  (p.  404),  every 
molecule  of  liquid  between  uie  electrodes  must  experience  a  succession  of  these 
actions.  The  non-appearance  of  any  change,  except  at  the  electrodes,  is  explained  as 
follows  :— 

Suppose  the  electrolyte  to  be  hydrochloric  add.  A  row  of  its  molecules  situated 
between  the  electrodes  jp  n  {fig,  423)  becomes  jpolarised  by  the  action  of  the  battery, 
the  chlorine-atoms  (denoted  l^*  the  dark  half-circles  in  the  figure)  taking  a  negative 
diarge  and  turning  towards  the  positive  electrode,  while  the  hydrogen-atoms  (the 
%ht  half-circles)  take  a  positive  charee  and  turn  towards  the  negative  electrode. 
When  this  state  of  tension  has  reached  a  certain  limit,  discharge  takes  place  along 
the  whole  row  of  particles,  the  chlorine  of  each  molecule  passing  on  to  the  hydrogen 
of  the  one  on  its  left:  whence  it  follows  that  an  atom  of  chlorine  is  1^-  free  at  the  positive, 
and  an  atom  of  hydrogen  at  the  negative  electrode,  and  the  remaining  atoms  arrange 
themselves  as  shown  m  the  second  line  of  the  diagram.  The  same  process  is  then 
repeated ;  these  molecules  become  polarised  like  those  of  the  first  row,  turning  their 
eUorine-atoms  to  v,  and  their  hydrogen-atoms  to  »,  and  when  the  tension  has  reached 
ft  certain  height,  mscharge  again  takes  place,  a  second  atom  of  chlorine  being  evolved 
at  ^  and  a  hydrogen  atom  at  n ;  and  in  this  manner  the  action  iB*oontiniied,  no  ehanga 
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bnafp  apptirent  in  tha  iBtermediato  molecules,  because  on©  moletrule  of  bjrdrochloric 
sdd  m  exactly  like  another.    The  decomposition  which  goes  on  m  a  liquid  rmljeeted 

Fig.  42a. 


^  J  jp  S  4  J^  ^  A 
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to  the  action  of  the  battery  Ib,  in  fact*  exactly  the  same  as  that  which  takes  place  in 
the  oells  of  the  battcir  itself,  aa  already  explained  (p.  419). 

A  aimilur  explanution  applies  to  ereij  caae  of  the  decompoititiot]  of  a  single  electro- 
lyta,  MoreoTcr,  tho  sam<^  intercliiiiigo  of  atoms  may  take  pluco  betweon  two  or  more 
liquids,  placed  between  tho  &um(>  e!L»ctrod*»8  and  connected  togcthor  by  columns  of 
liqiiid,  aa  by  siphon-tubes  filled  with  wjitcr^  or  by  moistened  bundlos  of  cotton  or  as- 
beatoSf  as  show^n  in  jigs*  424,  425,  426,  ot  separated  by  porous  diaphragms.     Suppose 


Fuj.  424. 


Fiff.  425. 


for  example,  the  po«itiTO  electrode  to  bo  immersed  in  asolnbonofnitrateof  pofasetnm, 
and  the  negatiTo  in  a  f^iltition  of  chloride  of  sodium^  the  tiro  liquids  being  sepn* 
nit€>d  by  a  partition  of  bladdeir,  vegetable  parchment^  or  porous  earthenwaK.  A  series 
of  moleculca  botween  the  electrodes  may  be  thus  represented ; 


1  2 


NO'K 
3 


ClNa    ClNa    CllNa    n, 
4  5  6 


The  atoms  are  then  transferred  in  opposite  directions  in  the  manner  above  described, 
the  atom  NO*  in  1  being  in  the  finsit  instance  evolved  at  p,  and  the  atom  of  Na  in  fl 
at  n.  At  the  same  time,  the  K  in  1  is  transferred  to  the  NO*  in  2,  the  K  in  2  to  the 
NO'  in  3,  the  K  in  3  to  the  01  in  4^  the  Na  in  4  and  5  to  the  CI  in  5  and  0,  respectirdy ; 
ao  that  the  new  arrangement  is  — 

p    NO*[K    NO>K    OIK    ClNa    CllNa    n. 

The  action  is  then  continned  in  the  same  manner^  the  succeoaiye  steps  of  the  decom- 
position being  represented  as  follows : 

f>  NO*JK    CIK    CIE:    CllNa  n 
ClIK    CIK    OlIK 
ClIK    C1|K 
CllK, 

In  this  nmnner,  both  the  acid  radicles  are  transferred  to  the  positiTO  and  both  the 
basic  radides  (metals)  to  the  negative  electrode. 

The  flame  trani^ference  of  atoms  iu  oppoeite  dii-ections  takes  place  i^-ith  any  number 
of  solutions,  all  the  acids  ultimately  reaching  the  positive,  and  all  the  bases  tho 
negative  electrode,  provided  all  the  compounds  formed  by  the  several  interchAngea  of 
molecules  sj?o  soluble:  but  if  an  insoluble  compound  is  formed,  it  falls  to  tho  botloin« 
ia  removed  ^m  the'  sphere  of  action,  and  its  ekmenta  are  not  carried  any  further* 
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TboB  wli«n  ft  flotation  of  snlphate  of  ^tassiiim  is  placed  In  contact  with  the  negatiTO 
electrode,  distilled  water  at  the  positive  electrode,  and  a  solution  of  caostie  baryta 
between  them  (Jiff.  425),  no  solphnric  add  is  transferred  to  the  positive  electrode,  bnt 
ft  precipitate  of  sulphate  of  barium  is  formed  in  the  middle  hquid.  Similarly  with 
chloride  of  barium  in  the  positive  vessel,  water  in  the  negative,  and  sulphate  of 
potassium  in  the  middle,  potash  soon  appears  in  the  negative  vessel,  and  a  precipitate 
of  sulphate  of  barium  is  foimed  in  the  middle  vessel ;  but  no  baryta  is  transfenwd  to 
the  negative,  or  sulphuric  add  to  the  positive  electrode.  When  ebloride  of  barium  is 
placed  in  the  negative  vessel,  sulphate  of  silver  in  the  middle,  and  water  in  the  positive 
vessel,  thus 

p    0H«    SO«Ag«    a«Ba«    w, 

sulphuric  add  makes  its  appearance  after  a  while  in  the  positive  vessel,  and  a  pre- 
dpitate  of  chloride  of  silver  is  formed  in  the  middle. 

Bdation  between  Decomposition  and  Conduction, — ^From  the  manner  in  which 
eleetroljrtic  decomposition  takes  place,  it  is  manifestly  dependent  on  that  free- 
dom of  motion  among  the  molecules  of  a  body  which  is  found  only  in  the  liquid 
state.  On  the  other  hand,  the  transference  of  atoms  in  opposite  directions  is 
an  essential  condition  of  the  passage  of  electridty  through  compound  liquids; 
the  series  of  discharges  between  contiguous  molecules,  whidi  in  solid  conductors 
takes  place  without  permanent  disloc^ement  of  the  atoms,  is  in  the  electrolyte 
essentially  connected  with  the  interchange  of  the  constituent  atoms.  Many  oxides, 
chlorides,  and  salts  of  various  kinds,  e,ff,  potash,  protoxide  of  lead,  the  chlorides  of 
the  alkali-  and  earth-metals,  sulphide  of  autimonv,  sulphide  of  potassium,  chlorate  and 
nitrate  of  potassium,  borate  of  lead,  &c.  &c,  which  resist  the  passage  of  the  voltaic 
current  while  in  the  solid  state,  conduct  and  suffer  decomposition  when  fiised ;  whereas 
other  compounds,  e,ff.  iodide  of  sulphur,  stannic  iodide,  orpiment,  realffar,  glacial 
acetic  add,  caffeine,  spermaceti,  camphor,  &Ct  neither  conduct  nor  are  decomposed 
when  melted.  The  same  is  true  of  stannic  chloride,  chloride  of  arsenic,  and  hydrated 
chloride  of  arsenic,  which  are  liquid  at  common  temperatures.    (Faraday.) 

There  is  an  apparent  exception  to  this  law,  with  regard  to  water  and  certain  other 
liquids,  which  appear  to  conduct  feeble  currents  of  electridty  without  undergoing  de- 
compodtion.  Thus  Faradav  found  that  when  acidulated  water,  solution  of  sulphate  of 
sodium,  fhsed  nitre,  fused  cnloride  of  lead,  fused  chloride  of  silver,  or  f\iBed  iodide  of 
lead,  was  placed,  together  with  solution  of  iodide  of  potasdnm,  in  the  circuit  of  a  sin^e 
pair  of  sine  and  platinum  plates  exdted  by  dilute  add,  the  iodide  of  potassium  was 
decomposed,  but  not  the  otner  electrol^fte,  which  therefore  appeared  to  conduct  with- 
oat  decomposing.  According  to  Jacobi  also,  the  current  of  a  single  pair  does  not  de- 
compose water,  and  yet  produces  deflection  of  the  galvanometer.  If  the  current  of  a 
ten-pair  battery  be  weakened,  by  the  interoodtion  of  a  long  thin  wire,  to  such  a  degree, 
that  it  produces  the  same  deflection  of  the  galvanometer  needle  as  the  current  of  a 
dn^e  pair,  it  likewise  appears  to  pass  through  water  without  producing  decom- 
position. 

^118  passage  of  feeble  currents  through  electrolytes  without  decomposing  them, 
appears  at  fint  sight  to  be  at  variance  with  the  law  of  deflnite  dectrolytic  action 
(p.  438).  The  anomalj],  however,  is  onl^  apparent  It  is  true  that  no  gas  is  obtained 
when  a  feeble  current  is  passed  into  addmated  water  by  means  of  platinum  plates ; 
nevertheless  the  water  is  decomposed,  but  so  slowly  that  the  oxygen  and  hydrogen 
gases  liberated  on  so  large  a  suiiiMM,  partly  surround  it  as  an  envelope,  and  are  partly 
absorbed  by  the  water.  The  decomposition  may,  however,  be  made  apparent  by 
placing  the  apparatus  under  an  exhausted  receiver,  the  gases  then  making  their  ap- 
pearance on  me  sur&ce  of  the  plates.  Another  mode  of  rendering  decomposition  by 
feeble  currents  vidble  is  to  reduce  the  surface  of  one  of  the  electr^es.  Thus,  if  one 
of  the  electrodes  consists  of  a  platinum  plate  and  the  other  of  a  fine  platinum  wire 
covered  with  glass  up  to  its  very  point,  sas  is  evolved  from  the  surface  of  this  wire, 
partly  because  there  is  no  surface  to  which  it  can  attach  itself  and*  partly  perhaps 
oecause  the  large  surface  of  the  other  electrode  intensifies  the  polarisation  of  the  metal 
point,  and  of  the  partidee  of  electrolyte  in  contact  with  it,  just  as  a  metal  plate  or  the 
extended  hand  does,  when  held  before  a  pointed  rod  inserted  into  the  conductor  of  an 
electrical  machine  (p.  389).  The  evolution  of  gas  from  the  wire  ceases,  however,  after 
a  short  time,  but  may  be  renewed  by  increasing  the  surfiice  of  the  other  electrode, 
or  by  reversing  the  enrrenti  which  destroys  the  polarisation  of  the  electrodes  (p. 
429). 

■eeondjury  prodoets  of  Mectrolyaia,  It  is  but  rarely  that  both  elements  of  an 
electrolyte  are  separated  at  the  electrodes  in  the  free  state,  one  or  both  of  them  frequently 
entering  into  some  new  combination,  either  with  substances  contained  in  the  solution, 
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or  with  the  dfictrodes  theni selves.  Instaaces  of  this  secondary  action  h^te  been 
already  noticed  in  ftpeakiog  of  the  elcctTolysis  of  sulphate  of  E$odium  and  other  salt^i 
nud  many  others  may  beffiTen*  In  a  mixture  of  hydroehloric  andhydriodicacida 
nothing  but  iodine  would  be  CTolved  at  the  positivo  electrode^  because*  though  both 
acids  might  be  d«composi<d  at  once  by  the  current,  the  clilonne,  aa  soon  lis  liberated, 
would  decompose  another  portion  of  the  hydrtodic  acid,  combining  with  the  hydrogen 
and  liberatiiig  an  eqaiTalent  quantity  of  iodine. 

When  an  aqueous  solution  of  acetate  or  nitrate  of  lead  is  electrolysed,  metallic 
load  18  deposited  on  the  negatiTo,  aud  peroxide  of  lead  on  the  podittre  ulectrode^  the 
latter  being  formed  by  the  action  of  oxygen  separated  from  the  water  on  the  lead  in  the 
Bolntion  ;  accordingly  the  quantity  of  oxygen  gas  evolved  at  the  positive  electrode  is 
considerably  less  than  in  a  voltameter  included  in  the  same  circuit. 

Aqueous  ammoniayields,  by  eleotrolyais  with  platinum  electrodes,  pure  nitrogen  at 
the  positive  and  hydrogen  at  the  negative  electrode,  the  Tolame  of  the  latter  being 
three  or  four  times  greater  than  that  of  the  former.  The  gases  are  not,  however, 
evolved  by  the  direct  action  of  the  current  i  for  the  proportion  of  nitrogen  is  not 
constant,  but  rarity  with  the  strength  of  the  solution,  whereaa  the  volume  of  hydrogen 
evolved  is  exactly  equal  to  that  in  a  voltameter  included  in  the  same  circuit :  whence 
it  appears  that  the  water  of  the  aqueona  ammonia  ia  decomposed  by  tho  current, 
and  tho  nitrogen  evolved  at  tho  positive  electrode  result*  from  the  decomposition 
of  the  ammonia  by  nasccBt  oxygen,  with  which  indeed  it  is  often  mixed  to  a  small 
amount. 

Nitric  acid  yields  oxygen  at  the  positive  electrode,  in  quantity  equal  to  that  in  a  toI- 
tamf'ler  in  the  same  circuit ;  no  gas  is  evolved  at  the  negative  eleetpode,  bat  the  nitric 
acid  is  there  reduced  to  nitrous  acid  and  nitric  oxide,  which  colour  the  liquid  yellow 
or  red.  This  result  i-s  due*  partly  to  the  electrolysis  of  tho  water,  the  hydrogen  from 
which  reduees  the  nitric  acid  at  the  negative  electrode,  purily  to  the  direct  decomposi- 
tion of  the  nitric  aciditael^  into  NO'  and  H,  the  NCJ*  being  transferred  to  the  positivR 
electrode,  where  it  dccompoaes  water,  reproducing  nitric  acid  and  eliminating  oxygen, 
III  consequence  of  this  action,  the  strength  of  the  acid  increaaea  around  the  positive 
electrode. 

The  Hubstances  eliminated  from  a  solution  by  the  action  of  the  current  sometimes 
enti^r  into  combination  with  tJie  electrodee.  This  is  especially  the  case  when  the 
poaitiTe  electrodo  is  formed  of  an  oxidable  metal ;  thuA,  when  acidulated  wat«r  is 
decomposed  with  a  plate  of  copper  or  iron  for  the  positive  electrode,  no  oxygen  is 
SYotr^  but  the  metal  dissolves  in  the  acid.  On  the  other  hand,  when  the 
neguHve  electrode  is  coated  with  a  metallic  oxide,  especially  with  a  peroxide  (such 
as  MnO  or  PbO),  the  hydrogen  reduces  this  oxide  and  forms  water.  Actions  of 
this  kind  taking  place  at  the  electrodes  greatly  assist  the  decomposition,  by  inducing 
a  polarisation  of  the  molecules  of  the  electrolyte  in  the  same  direction  as  that  in- 
duced by  tho  action  of  the  battery. 

Eecquerel  (IVmUde  rEledrieiti  rt  du  Maffnittsm^  1835,  tom.  tii.  pp.  294 — 330), 
by  I'xposing  different  solutions  to  tho  action  of  feeble  electric  cuirents  with  electrodes 
of  various  nature^  has  obtained  many  metallic  compounds,  vis.  oxides,  sulphides, 
iodides,  &c,  and  even  the  sulphate?  and  carbonate  of  barium,  in  regular  crystals, 

Orqanic  compounds  subjected  to  electrolysis  yield  numerous  secondary  products.  A 
solution  of  acetate  of  potassium  divided  into  two  parts  by  a  porous  diaphragm^  to 
prpveut  the  mixing  of  the  gases  evolved  at  the  two  electrodes,  yields  pure  hydrogen, 
together  with  pot^h,  at  tho  negative  electrode,  and  at  the  positive  (if  of  platinum)  f 
mixture  of  carbonic  anhydride  and  methyl-gas,  with  a  small  quantity  of  oxide  i 
methyl : 

C*HH)»  =  CO*  4-  CH»  +  K. 

We  may  suppose  that  the  acetic  acid  is  resolved  by  the  currpnt  into  H  and  CTTK)*, 
the  latter  then  splitting  up  into  CO*  and  CH*.  Other  acids  of  the  adipic  series, 
C'H^O*,  are  decomposed  in  a  similar  manner,  the  general  formula  of  the  decomposi- 
tion being 

C-H^O»  =  CO*  +  G"^iH»»^»  +  H. 

An  aqucoussolutionof  ethyls  ulp  hate  of  potassium  yields,  at  the  negative  electrode 
potitfih  and  hydrogen,  and  at  the  positive,  ethyls ulphuric  acid,  which,  if  the  positiTe 
ek^ctrode  is  form&d  of  amalgamated  liiic,  forms  ethylsulphate  of  xinc,  but  if  the  positive 
electrode  is  of  platinum,  is  resolved,  partly  by  oxidation,  into  carl>onic  anhydride,  ulde- 
hjrde,  and  sulph  uric  acid.  AmyUulphateofpotassiumwith  pliitinnin  electrodes 
yields  potash  and  hydrogen  at  the  negative  electrode,  and  at  the  positive,  free  solphur  ic 
acid  and  oxygcii,  with  au  odour  of  valeric  acid.     Amylphosphate  of  potasiium 
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jieids  in  like  maimer,  at  the  positive  electrode,  oxygen,  carbonic  acid,  and  phosphorio 
add,  with  an  odonr  of  valeric  or  butyric  acid.     (Guthrie,  Chem.  8oc.  Qu.  J.  ix.  131.) 

Stootroljtlo  rednetton  of  Metals.  All  metala  may  be  reduced  by  electrolysis 
from  one  or  other  of  their  compounds,  either  in  the  fhsed  state  or  in  aqueous  solution. 
Several  examples  of  these  reductions  have  already  been  mentioned.  The  less  oxidable 
inetals,  such  as  copper,  lead,  tin,  and  other  noble  metals,  are  reduced  from  the  solu- 
tions of  their  salts  mth  the  utmost  ease,  even  by  the  current  of  a  single  pair.  Indeed, 
as  explained  at  page  420,  every  precipitation  of  one  metal  bpr  another,  such  as  that  of 
copper  by  iron,  lead  and  tin  by  zinc,  silver  by  copper,  &c,  is  an  example  of  electro- 
lytic decomposition.  The  electrotype  process  and  the  processes  of  electro-silvering  and 
electro-gilding  also  belong  to  the  same  order  of  phenomena.  For  the  details  of  these 
processes  we  must  refer  to  Ur^9  Dictionary  of  Arta^  Afant^facturetf  and  Mines, 
article  ELBOTRO-iorrAixuBOT. 

The  electrolytic  process  is  also  used  for  the  detection  of  metals  in  toxicological  in- 
vestigations, &e.  It  has  long  been  applied  to  the  detection  of  small  quantities  of 
mercury,  a  thin  plate  of  gold  being  usea  as  the  negative  electrode,  so  that  the  mercury 
may  form  an  amalgam  with  it.  In  1850,  Gaultier  de  Claubry  (J.Pharm.  [3]  xvii. 
125 ;  Chem.  Soc.  J.  ii  167)  proposed  its  application  to  the  detection  of  other  metals, 
e.ff,  arsenic,  antimony,  lead,  copper,  sine,  &c.,  and  more  recently  Bloxam  (ibid.  xiii. 
14)  has  M>plied  it  to  the  detection  of  arsenic,  a  solution  of  arsenions  acid  acidulated 
with  sulphuric  or  hydrochloric  acid  and  decomposed  b^  the  electric  current,  giving  off 
the  greater  part  of  its  arsenic.as  arsenetted  hydrogen  (i.  362). 

The  reduction  of  the  more  oxidable  metals  requires,  for  the  most  part,  more  powerfid 
cnrrents  and  peeiUiar  arrangements,  to  prevent  the  recombination  of  the  metal  with 
the  oxvgen,  cnlorine,  or  other  element,  from  which  it  has  been  separated,  and  at  the 
same  time  to  concentrate  the  force  of  the  current  at  the  point  of  reauction.  The  latter 
object  may  be  effected  by  reducing  the  negative  electrode  to  a  fine  point,  and  giving 
the  positive  electrode  a  considerable  surface,  as  already  described  with  reference  to 
the  decomposition  of  water  by  feeble  currents.  Bunsen  finds  that,  with  a  given  bat- 
tery power,  the  reducing  force  of  the  current  varies  nearly  in  the  inverse  ratio  of  the 
transverse  section  of  the  electrode  at  which  the  reduction  takes  place.  Thus,  a  cur- 
rent of  constant  strength  passed  through  an  aqueous  solution  of  sesquichloride  of  chro- 
mium, eliminates,  as  the  cross  section  of  the  negative  electrode  is  diminished,  hydrogen, 
diromie  oxide,  chromous  oxide,  and  finally  metallic  chromium.  (Pogg.  Ann.  xci.  619.) 

It  was  by  an  arrangement  based  on  this  principle,  and  with  the  aid  of  a  powerful 
batteiy,  that  Davy  succeeded  in  isolating  the  metallic  bases  of  the  alkalis.  Thus,  to 
nduM  jpotassium,  hydrate  of  potassium  contained  in  a  platinum  capsule  was  moistened 
with  a  small  Quantity  of  water,  and  brought  in  contact  with  the  end  of  a  platinum 
wire  oonnectea  with  the  negative  pole  of  a  powerful  voltaic  battery,  the  positive  pole 
of  which  was  connected  with  the  capsule.  Potassium  then  collected  round  the  wire  in 
small  metallic  globules,  most  of  which,  however,  ook  fire  in  the  air,  and  were  recon- 
verted into  caustic  potash.  By  making  a  hole  in  the  lump  of  hydrate  of  potassium,  filling 
it  with  mercunr,  and  dipping  the  negative  wire  into  the  mercury,  the  reduction  is  much 
more  easily  effected,  the  potassium  forming  an  amalgam,  from  which  the  mercury  may 
afterwards  be  removed  by  distillation.  The  reduction  of  sodium  is  effected  by  similar 
methods. 

Barium  may  be  obtained  by  subjecting  the  chloride  mixed  up  to  a  paste  with  water 
and  a  little  hydrochloric  acid,  at  the  temperature  of  100°  C,  to  the  action  of  the  electric 
current,  using  for  the  negative  electrode  an  amalgamated  platinum  wire.  A  crystal- 
line amalgam  is  thus  obtained,  from  which  the  mercuiy  may  be  distilled  off  in  a 
stream  of  hydrogen.  Strontium  may  be  obtained  in  a  similar  manner ;  also  calcium, 
thoueh  less  easily,  because  the  point  of  the  wire  becomes  covered  with  a  crust  of  lime, 
which  interrupts  the  current.    (Bunsen,  Pogg.  Ann.  xci.  619.) 

Some  of  the  alkali-  and  alkaline-earth-metdsform  frisible  chlorides,  from  which  the 
metals  are  easily  obtained  by  electrolysis. 

Lithium  may  be  reduced  by  subjecting  its  chloride,  fused  over  a  spirit-lamp  in  a 
small  porcelain  crucible,  to  the  action  of  a  Bunsen's  battery  of  four  to  six  cells.  The 
positive  electrode  is  formed  of  a  small  splinter  of  gas-coke,  and  the  negative  of  an 
mm  wire,  about  as  thick  as  a  kuitting-needle.  After  a  few  seconds,  a  small,  silver- 
white  regulus  is  formed  round  the  wire,  under  the  fused  chloride.  It  may  be  lifted 
out  of  ihe  frised  mass,  together  with  the  wire  electrode,  by  means  of  a  small  flat 
iron  spatula,  the  wiro  withdrawn  with  the  still  melted  metal,  which  is  protected 
fix>m  oxidation  by  a  coating  of  chloride  of  lithium,  and  the  metal  removed  frx>m  the 
spatula  by  a  pen-knife,  after  having  been  cooled  under  rock-oil.  These  operations 
may  be  repeated  every  two  or  three  minutes,  and  thus  an  ounce  of  the  chloride 
zeduced  in  a  very  abort  time.    (Bunsen,  ^.  ct<.) 
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Fig.  427. 


Strontium  is  likewise  obtained  from  the  fused  chloride.  A  fltnall  jxjreclaiii  cniciblo, 
haring  a  jHirous  ccsU  in  the  middle^  is  filled  with  iitihydroujs  dilorido  of  Btrontium, 
mLxed  with  u  lietle  Biil-Jimnioniiic,  the  Urel  of  the  gait  within  the  cell  being  conai- 
derably  higher  than  in  the  crucible.  The  negative  eltjctrode,  which  ui  placed  withtn 
the  ponrius  cell^  eomsist*  otn  yer^  thin  iron  wire,  wound  roand  a  thicker  one,  and  then 
oovcred  with  ft  piece  of  tohacco-pipe  «tem^  so  that  only  j^  of  an  inch  of  it  appears  below  ; 
the  positive  eltctrode  is  an  iron  cylinder,  placed  in  the  crucible  round  the  porona  celL 
The  heat  ia  regulated  during  the  experiraent,  so  that  a  emst  may  form  in  the  ceJL 
Th«  metal  then  collects  under  this  cruet,  without  coming  in  contact  with  the  Ridea  of 
the  crucible.  Bj  this  method,  pieces  of  the  metal  weighinjr  half  a  gramme  are  aomo- 
timeH  obtained     (Matthiesfsen,  Chem.  S<h;,  (In*  J.  viii,  107,) 

Barium  may  be  reduced,  in  like  manner,  frv)m  the  chloride,  but  only  as  a  metallic 
powder ;  and  caidu  m  from  a  mixture  of  2  at  chloride  of  calcium,  1  at.  chloride  of 
strontium,  and  a  little  Bol-ammonioc.     (Matthieasen.) 

Mafjnesittm  is  separated  finom  the  ftiaed  chloride  as  follows : — A  porcelain  cmcibld 
{Ji(j,  427)  ifi  diirided  in  half  in  ita  upper  part  by  a  Tcrtical  diaphragm  (madu  out  of  u 

thin  porcelain  crucible-coTer,  and  fitted  with  a  lid 
filed  from  a  tile),  through  which  the  extremities 
of  the  electrodes,  made  of  gas-coke  or  Bunsen's 
charcoal  (i  760 )»  are  iatroducpd  into  the  two  halrea 
of  the  crucible.  The  crudble  is  then  heated  to 
redness,  together  with  the  cover  and  tJie  electrodes, 
filled  with  fused  chloride  of  magnesium,  and  sub- 
jected to  the  action  of  a  10-pair  Bunsen's  batt*ry» 
The  negative  electrode  is  cut  like  a  saw,  so  tJiat 
the  magnesium,  as  it  sepajates,  may  b^dge  in  tho 
caTritieA,  and  not  fioat  on  the  surface  of  the  speci- 
fically hearier  liquid.  (B u nsen,  Ann.  Ch*  Pham). 
Ixxxii.  137.)  According  to  Matt  hies  SCO  (Chom. 
Soc.  Qu.  J.  viii-  107),  the  metal  may  l>e  much 
more  easily  obtained  from  a  fused  mixture  of  4  at  chloride  of  magnesium  and  3  at 
chloride  of  potasaiuiii,  with  a  little  sal-ammoniac;  the  cnttijag  of  the  negatire  electro<ie 
may  then  be  diMpenaed  with,  as  the  metal  is  hcarier  than  the  ^ised  salt  A  simple 
mode  of  effecting  the  reduction  is  to  fuse  the  mixlaro  in  a  common  day  tobacco-pipe 
over  a  lamp,  the  negutiTC  electrode  l>eing  formed  of  an  iron  wipe  passed  up' the 
pipe-stem,  and  the  positive  of  a  piece  of  gaa-coke^  just  touching  the  surface  of  tho 
nised  cbloridea.    (Matthiessen). 

Aluminium  may  be  obtained  bj  aimilar  mctliods  fipom  the  fused  chloride  of  alumi- 
nium and  tiodium.  But  as  this  salt  fnaea  at  a  very  moderate  he^it  at  which  the 
aluminium  does  not  fuse,  but  Bcpamtee  as  a  powder,  pulTerised  chloride  of  sodium 
should  bo  gradually  added  during  the  redaction,  in  soiUcient  quantity  to  raise  the 
temperature  nearly  to  the  melting  point  of  silver.  The  aluminium  then  separates  in 
lar^e  metallic  globules.     (Bunsen;  DcTille,) 

For  the  reduction  of  certain  metals  from  solutions,  Bunsen  arRinges  the  decom- 
posing cell  as  follows  :^ — The  positive  electrode  is  formed  of  the  inner  concave  surface 
of  a  charcoal  cradble,  filled  with  hjdn^chloric  acid  and  standing  within  a  porcelain 
crucible.  The  liquid  to  bo  decompoaed  is  contained  in  a  small  porous  cell  standing  in 
the  carbon  crucible^  and  the  nesatire  electrode  is  formed  of  a  wire  or  narrow  strip  of 
platinum  dipping  into  the  liquid  The  whole  is  heated  orer  the  water-bath.  A  con- 
centrated solution  of  chromic  or  manganous  chloride,  suhjectM  in  ihm  manner  to  tlie 
action  of  a  4 -pair  Bunsen's  battery,  quickly  yields  large  lumps  of  the  metal 
chemicatlj  pure. 

Lam  of  Bfjinit^  Mectrol^tic  Action, 

Faradsy  first  demonstrated  the  important  law  that:  The  quantity  ofanv  tUctrdtfU 
ifccompmd  bi/  the  rhctrie  current  is  constant  for  a  given  quantity  of  tltctriat^. 
Hiipt^Kise  ft  number  of  voltameters  with  platinum  electrodes  (p.  433)  to  be  traversed  by 
(he  «ame  elect-ric  current^  not  divided  betweeri  them,  but  passing  through  them  all 
in  succcjision  ;  then  it  is  found  that  the  quantities  of  oxygen  and  hydrogen  gaset 
collected  in  a  given  time,  arc  the  same  in  all  the  voltameters,  even  though  the  water 
contained  in  them  may  be  acidulated  in  different  degrees,  and  the  cloctrtKlea  may  be 
of  different  sizes.  The  quantity  of  electricity  which  passes  is  determined  by  the 
re^iwtunce  of  the  liquid  which  possesses  least  conducting  power,  and  tJiis  quantity  of 
cl'Tlrieity  decomposes  the  sume  amount  of  water  in  all  parts  of  the  circtiit.  As, 
however  bulh  the  ga.«ies  arc  slightly  soluble  in  wiiter,  and  the  oxygen  more  so  than 
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tbe  hydrogen,  it  10  neoeMszy  to  guard  against  errors  thenee  arising;  by  placing  the 
electrodes  Tery  dose  to  one  another,  and  at  eqnal  distances  in  all  the  Toltameters,  so 
that  the  gases  may  have  only  a  short  column  of  liquid  to  traverse,  and  not  to  leave 
the  gases  long  in  contact  with  the  liquid,  especiaOy  if  the  electrodes  have  large 
aai£i^es.  As  oxygen  is  more  soluble  iu  water  than  hydrogen,  more  exact  results  are 
obtained  by  coUecS^ng  the  hjdroeen  alone  than  the  two  gases  together. 

If  the  same  current  be  divided  between  two  voltameters  (by  means  of  a  branching 
eondnctoir),  and  then  made  to  pass  wholly  through  a  third  voltameter,  the  quantities 
cf  hydrogen  evolved  in  the  first  two  are  together  equal  to  that  evolved  in  tne  third ; 
and  if  the  current  is  equally  divided  between  the  first  two  (as  measured  by  the  galvano- 
meter) the  quantities  of  hydrogen  collected  in  them  are  equal  to  one  another. 

When  tie  »ame  current  passes  successively  through  different  electrolytes^  the  quantities 
ef  these  compounds  decomposed  and  of  the  several  elements  eliminated^  are  chemically 
sjmvalent  to  each  other. 

Faraday  deoompoeed  fused  stannous  chloride  (SnCl*)  by  a  current  which  also 
traversed  a  Toltameter  containing  acidulated  water.  Into  the  chloride  contained  in  a 
bent  ^ass  tube,  and  kept  in  a  stato  of  fusion  by  a  spirit-lamp,  two  platinum  wires 
were  inserted,  one  connected  with  the  negative  pole  of  a  voltaic  baUery,  the  other 
with  one  of  the  electrodes  of  the  voltameter,  the  second  electrode  of  which  was  con- 
nected with  the  positiye  pole  of  the  battery.  Tin  was  then  deposited  on  the  negative 
dec^ode  in  the  fused  chloride,  and  at  the  same  time  the  water  in  the  voltameter  was 
decomposed. 

The  experiment  having  been  continued  till  the  quantity  of  mixed  oxygen  and 
hydrogen  gases  collected  in  the  voltameter  amounted  to  3*85  cubic  inches,  or  0*497 
ffrains,  the  metallic  tin  deposited  in  the  same  time  was  found  to  wei^h  3*2  grains. 
Now,  these  two  quantities  are  very  nearly  in  the  ratio  of  the  atomic  weights  of  water 
and  tin:  for  0*497:  3*2  ^  18:  115*8.  The  difiference  between  the  number  thus 
obtained  and  118,  the  true  atomic  weight  of  tin,  probably  arose  from  the  action  of 
the  chlorine  evolved  at  the  positive  electrode  on  the  tin,  whereby  a  certain  quantity  of 
diioride  was  reproduced,  the  arrangement  adopted  not  being  capable  of  e£fecting  a 
vny  complete  separation.  Four  experiments  made  in  a  similar  manner  gave  for  the 
atomic  weight  of  tin,  as  determined  by  electrolysis,  the  number  117*16. 

The  decomposition  of  chloride  of  lead  in  a  similar  manner,  the  positive  electrode 
being  formed  of  plumbago,  gave  for  lead  the  number  100*85,  the  true  atomic  weight 
being  103*5.     An  experiment  with  borate  of  lead  gave  101*29. 

Faraday,  in  his  *'  Experimental  Researches "  (scr.  vii.),  supposes  that  it  is  only 
compounds  which,  according  to  the  atomic  weights  at  that  time  generally  adopted,  are 
eomposed  of  1  at  of  each  of  their  components,  e.g.  water  »  /fO,  hydrochloric  acid  HCl, 
snlfmate  of  copper,  CuSO*^  &c,  that  can  be  decomposed  by  the  electric  current.  Sub- 
sequent experiments  by  Matteucci  and  £.  Becquerel  nave  shown,  however,  that  this  is  not 
the  case ;  for  trichloride  of  antimony,  and  cuprous  as  well  as  cupric  chloride,  also  several 
basic  nitrates  and  nitrites  of  lead,  and  other  salts  of  various  composition,  must  be 
ranged  among  electrolytes.  £.  Becquerel  finds  that  when  trichloride  of  antimony  is 
electrolysed  in  the  same  circuit  with  a  voltameter,  for  each  atom  of  hydrogen  evolved 
in  the  latter,  1  at.  chlorine  and  ^  at.  antimony  are  separated  (or  for  3  at  hydrosen 
8  at  chlorine  and  1  at  antimony).  With  sesquichloride  of  iron,  Fe*Cl',  1  at  chlorine 
and  f  at  iron  are  separated  for  each  atom  of  hydrogen  in  the  voltameter.  Cuprous 
dilonde,  Cu*Cl,  gives  1  at  chlorine  and  2  at  copper  for  1  at.  hydrogen. 

The  general  result  may  be  thus  stated:  — The  quantities  of  any  number  of  electro- 
lytes d^omposed  by  the  same  electric  current  passing  through  them  in  succession^  are 
such  as  contain  equal  numbers  of  atoms  of  hydrogen,  or  equivalent  quantities  of  any 
other  radicles,  positive  or  negative.  Thus  the  quantities  of  the  several  electrolytes  in 
the  following  table,  which  would  be  decomposed  by  the  same  current,  are  such  as  are 
expressed  symbolically  in  the  second  column,  and  by  their  equivalent  weights  in  the 
third. 

EqulTaleot 
FormuU.  Weight. 

Water HK)      ....      18 


Hydrochloric  acid   . 

.     H«C1«     . 

.        .      73 

Cupric  chloride 

.    CuKJl^     . 

.    134*2 

Cuprous  chloride     . 

.    Cu*Cl«    . 

.        .    217-4 

Stannous  chloride    . 

.    Sn"Cl«    . 

.     189 

Antimonious  chloride 

.  %(^\jf"Ci*) 

.     152*3 

Ferric  chloride 

.  %(Fe«Cl") 

.     108*3 

Sulphuric  add 

.    H'SO*    , 

.      03 

Copnc  sulphate 

.    Cu«SO«   . 

.     169-2 

_.5f: 
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When  an  aqneonfl  soltiticn,  or  a  mixture  of  diSferviit  eli^ctrolytes,  is  Bu1:)ject«d  to  tbo 
action  of  the  ctirrenti  secondary  nctious  interrene^  leading  to  results  which,  at  Htvt 
siffht,  appeitr  inconaistent  with  the  law  of  defiaito  electrolytic  action.  Thus,  whea  a 
flomttOD  of  sulphate  of  Bodiuai  is  electrolysed,  sulphuric  aoid  and  free  oxyijpeu  uio 
eilimiujited  at  the  positive  electrode,  soda  mid  hydrogen  at  the  negatiye;  and  BanielJ 
has  ahown  that^  if  a  yoltameter  containing  acidulated  water  is  interposed  in  the  some 
CLTCiut,  the  quantities  of  oxygen  and  hj^drogen  evolved  from  the  saLLae  solution  are 
equal  to  those  evolved  from  the  water  in  the  voltameter;  and  at  the  same  time,  if 
the  saline  solution  is  strong,  quantities  of  sulphuric  add  and  soda  exactly  eqaiTalent 
to  these  quantities  of  oxygen  and  hydrogen  are  separated  from  the  salt.  Here, 
then,  the  same  euireat  appears  to  do  twice  as  much  chemical  work  in  the  solution  of 
aodic  sulphate  as  in  the  voltameter.  This  anomaly  is,  however^  only  apparent;  the 
fact  being  that,  in  a  solution  of  a  certain  fitrengtb,  only  the  Bodie  sulphate,  Nu^O*,  is 
directly  decomposed  by  the  current^  the  sodium  going  to  the  negative,  the  oxjsalphione 
(SO*)  to  the  pofiidve  efectrodc.  Neither  of  these  ratSdea  is,  however,  eliminated  in  the 
tree  state  :  for  the  sodium  decomposes  the  water  near  the  negatiTe  electrode,  forming 
Boda  and  eliminating  hydrogen  ;  and  the  oxysulphione  decomposes  the  water  near  the 
positive  electrode,  forming  sulphuric  acid,  H*SO\  and  eliminating  oxygen  j  and  as  the 
quantities  of  sodium  and  oxjeulphione  directly  eliminated  by  the  current  are  €qmt*tUcnt 
to  the  hydrogen  and  oxygen  evolved  in  the  voltameter  (Na*  and  SO*  in  the  one,  H' 
and  O  in  the  other),  it  follows  ^  L  That  the  quantities  of  hydrogen  and  oxygen 
evolved  from  theaaUne  solution  are  equal  to  those  evolved  in  the  voltameter. —  2.  That 
equivalent  quantities  of  sulphuric  acid  and  soda  are  afterwards  found  at  the  two 
electrodes. 

If  the  Golution  eont^uB  a  salt  of  any  metal  not  capahle  of  decomposing  water,  such 
as  sulphate  of  copper,  the  metal  is  deposited  on  the  negative  electrode,  in  quantity 
equivalent  to  the  hydrogen  evolved  in  the  voltameter,  and  no  hydrogen  is  separated  at 
the  negative  electrode  j  while  at  the  positive  electrode  sulphuric  iicid  is  formed,  and 
oxygen  evolved  as  alx)ve.  In  dilute  Bolutiona,  the  water  and  the  salt  are  decomposed 
fcimultaneouBly  by  the  current,  in  quantities  which  are  together  equivalent  to  th<6 
quantity  of  water  decomposed  in  th(«  voltameter.  Thus,  suppose  that  a  dilute  solution 
of  sulphate  of  copper  yields  2  graina  of  hydrogen,  while  3  g^ns  of  that  gas  are 
collected  in  the  voltameter;  then  the  quantity  of  copper  reduced  at  the  negative 
electrode  wiH  be  the  equiivalcnt  of  tho  remaining  1  grain  of  hydrogen  in  the  Toltametcfi 
that  is  to  Rtty,  316  grains.  ^ 

When  water  acidulated  with  sulphuric  acid  is  decomposed  by  the  current,  the  sul- 
phnric  acid,  H*SO\  is  decomposed  as  well  as  the  water —  the  SO*  going  to  the  positive 
electrode,  where  it  eliminates  oxygen  and  forma  sulphuric  acid :  consequently,  that 
acid  accumulates  shout  the  positive  electrode.  The  quantities  of  hydrogen  and  oxygen 
evolved  are  clearly  the  same  as  if  the  water  alone  were  decomposed. 

In  the  electrolysis  of  dilute  hydrochloric  acid,  both  the  acid  and  the  water  are 
decomposed — the  chlorine  and  oxygen  evolved  at  the  positive  electrode  being  togethe?  I 
eqaivaJent  to  the  hydrogen  set  free  at  the  negative  electrode.  ] 

An  aqueous  solution  of  peroxide  of  hydrogen  (H'O^)  yields,  by  electrolyBis,  a  quantity  j 
of  hydrogen  equal  to  that  evolved  from  water  in  the  same  circuit,  and  consequently  ft 
double  quantity  of  oxygen.  This  apparent  anomaly  may  ho  exolained  by  leffarding 
peroxide  of  hydrogen  as  &  compound  of  water  and  oxygen ;  ana  suppoiing  tnat  the 
water  is  resolved  by  the  current  into  H*  and  O,  its  decomposition  necessarily  involving 
the  elimination  of  the  second  atom  of  oxygen  which  had  been  united  with  it. 

In  all  cases  of  mixinres  of  two  or  more  electrolytes*  the  sum  of  the  quantities  decom* 

EOBcd  is  the  equivalent  of  the  quantity  of  any  one  of  them  that  would  be  decomposedj 
y  the  same  current  acting  for  the  same  time  —  or»  which  comes  to  the  same  thing,  ofl 
the  quantity  of  water  simultaDeoQsly  decomposed  in  a  voltameter.  The  proportion  ofi 
each  compound  deoompoeed  depends  upon  the  nature  of  the  electrolytes,  and  the  pro- 1 
portions  in  which  they  are  mixed.  In  concentrated  aqueous  solutions  of  the  chloride^  1 
bromides,  and  iodides  of  hydrogen  and  the  metals,  it  is  only  these  compounds  thai  I 
are  directly  decomposed  by  the  cmrent ;  but  in  dilute  solutions,  the  water  is  decomposed 
at  the  same  time. 


Edations  between  the  Quantity  andlniermty  o/tke  Currmi  and  its  Beecmpotinff  Pawefml 

The  chemical  action  which  takes  placo  in  the  c^^ls  of  the  battery  is  likewise  i  ^ 
lent  to  that  which  is  produced  in  the  decomposing  cells,  provided  there  is  no" 
action  (p.  418)  on  the  surface  of  the  positive  metal.     If  a  battery  cotild  be  so  < 
stmcted  that  there  should  be  no  local  action,  this  r^ilation  w*mld  be  strictly  true;  thi  _ 
ia  to  say,  in  a  battery  composed  of  amalgamated  xinc,  dilute  sulphuric  acid,  and 
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pUtmum,  the  Tolnme  of  hydrogen  erolved  from  the  snrfiice  of  each  platinum  pkte 
would  be  equal  to  that  evolved  in  a  voltameter  placed  in  the  same  circuit,  and  the 
quantity  of  zinc  diasolved  in  each  cell  would  be  the  exact  equivalent  of  this,  viz.  82*5 
pts.  of  zinc  dissolved  in  each  batteiy-cell  for  every  1  pt.  of  hydrogen  evolved  in  the 
voltameter.  As,  however,  it  is  impossible  to  prevent  local  action  altogether,  the 
quantity  of  zinc  dissolved  in  each  cell  is  always  somewhat  greater  than  this  proportion 
would  indicate ;  thus  Jaoobi  found  that  in  a  Daniell's  battery  with  amalgamated  zinc 
plates,  33*6  pts.  of  zinc  were  dissolved  in  each  cell  for  eveiy  9  pts.  of  water  decomposed 
in  the  voltameter. 

Hence  it  follows  that,  with  a  given  intensity  of  chemical  action  in  the  batteiy-cells, 
and  a  given  conducting  power  throughout  the  circuit,  the  amount  of  electrical  or 
chemical  power  developMl  by  the  batteiy,  as  measured  by  the  voltameter,  is  propor- 
tional  to  the  surfiice  of  each  plate  exposed  to  the  action  of  the  liquid,  in  other  words,  to 
the  area  of  the  transverse  section  of  that  liquid,  supposing  the  action  in  all  the  cells  to 
be  uniform.  If,  however,  the  chemical  action  in  any  one  of  the  cells  should  be  weaker 
than  in  the  rest,  then  that  cell  presents,  to  a  certain  extent,  an  obstacle  to  the  pass- 
age of  the  electricity  developed  by  the  rest,  and  the  whole  force  of  the  battery  is 
li^ered ;  or,  again,  if  the  conducting  power  of  the  circuit  is  lessened  by  the  intenx^si- 
tion  of  a  lon^  wire,  or  of  another  decomposing  cell,  or  of  an  electrolyte  more  difficult 
of  decomposition,  the  quantity  of  electricity  which  can  pass  through  the  circuit  in  a 
given  time,  and  liierefore  also  the  amount  of  chemical  work  which  the  batteiy  is  ca- 
pable  of  pcarforming  in  that  time,  is  also  lessened,  and  cannot  be  increased  by  augment- 
ing the  size  of  the  plates,  without,  at  the  same  time,  increasing  their  number,  which,  as 
alivady  explained,  determines  the  intensity  of  the  current,  that  is  to  say,  its  power  of 
overcoming  resistance.  If,  however,  by  increasing  the  number  of  pairs,  or  otherwise, 
the  tension  has  been  raised  to  such  a  degree  that  all  the  electricity  evolved  from  the 
source  in  a  given  time  is  able  to  enter  the  liquid — so  that  the  galvanometer  shows  the 
same  deflection  whether  the  circuit  be  closed  bv  a  metallic  conductor  or  by  a  liquid— 
a  further  rise  of  intensity  does  not  accelerate  the  decomposition. 

The  following  experiments  were  made  b^  Matteucci  to  determine  the  proportion  in 
which  the  decomposition  of  different  li^mds,  and  therefore  also  the  quantity  of  the 
current,  increases  with  the  number  of  pairs. 

In  A,  a  pile  was  constructed  of  zinc  and  copper  with  solution  of  sal-ammoniac ;  in  B, 
with  water  containing  nitro-sulphuric  acid ;  and  in  G  with  spring-water ;  in  D  a  battery 
of  zinc  and  platinum  in  dilute  sulphuric  acid  was  employed.  The  liquid  in  the  de- 
composing cell  was  water  «  Aq.,  or  a  solution  of  1,  4,  8,  or  10  pts.  of  sal-ammoniac 
in  100  pts  of  water  -»  Sm  1,  Sm  4,  Sm  8,  Sm  10 ;  or  saturated  solution  of  sal-ammo- 
niac »  Sm  s;  or  dilute  sulphuric  acid  «  Sf ;  or  a  solution  of  1  pt.  of  sulphate  of 
zinc  (zinc-vitriol)  in  100  pts.  of  water  »  ZV;  or  solution  of  iodide  of  potassium  «s  IK. 
FZ  denotes  the  number  of  pairs  employed.  The  degrees  under  A,  B,  G  give  the  de- 
flection of  the  galvanometer ;  the  numbers  under  D  denote  the  rektive  quantity  of 
hydrogen  gas  evolved  from  the  solution  of  iodide  of  potassium. 


PZ. 

Ag. 

Sml. 

Sm4. 

SmlO. 

Sf. 

r 

6<> 

8<> 

9<' 

lOO 

1 

i 

12 

17 

21 

27 

2 

1 

15 

19 

26 

27 

3 

3 

16 

22 

27 

27 

4 

3 

18 

27 
C. 

27 

27 

PZ. 

Aq. 

Sms. 

ZV. 

10 

U 

14° 

2o 

20 

H 

17 

3 

30 

2 

18 

7 

40 

2 

15 

8 

60 

3 

12 

7 

60 

3 

11 

7 

iq.  Sm  1. 
1^    70 

Sm8. 

Sms. 

150 

38® 

2    14 

34 

60 

3    22 

40 

6    25 

60 

6    33 

74 
D. 

PZ. 

IK. 

1 

1 

2 

8 

3 

17-5 

4 

65 

In  the  following  experiments  of  Jacobi  and  Walker,  Daniell's  constant  battery  was 
used.  The  (quantity  of  detonating  gas  developed  in  the  decomposing  cell  in  a  given 
time,  according  as  a  greater  or  lesser  number  of  plates  were  connected  together,  was 
determined  in  measures.  In  Jacobi*s  experiments,  and  in  those  of  Walker,  given  under 
a  and  6,  the  decomposing  cell  contained  water  acidulated  with  sulphuric  acid;  in  c  it 
oontained  distilled  water. 
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JaeoR 

Walker* 

^ 

PZ, 

PZ. 

PX. 

fl* 

L 

e. 

1 

8 

54 

2C» 

1 

-  1 

12 

9 

69 

40 

1-2 

-  1*06 

-  1 

23 

10 

67 

60 

1-3 

^  106 

-  1  57 

83 

11 

68 

80 

1-4 

-  M2 

^  2*13 

42 

12 

76 

100 

1-6 

-  M2 

-  3*47 

49 

13 

80 

120 

1*55 

-  M2 

-  3-88 

140 

15 

«  M6 

-6*60 

160 

1-5 

-  119 

-  8*25 

The  more  readOj  the  atoms  dt  a  liquid  are  transposed— ^whether  ttom  its  pe<*tiliar 
nature  or  from  the  thinner  of  the  film  of  liquid  between  thi>  ele^rtrckies, — the  smalleT 
is  the  tennoQ  which  the  eleetric  current  requires  in  order  to  peuetnite  it>  the  greater 
the  quantity  of  electricity  which  6owb  into  the  liquid  from  a  grreu  source,  and  the 
greater  the  quantity  of  liquid  decomposed  in  a  giren  time. 

Aqueous  solutioa  of  iodide  of  potassium  may  t>e  decomposed  by  a  corrent  of  the 
smallest  tension ;  next  in  order  of  facility  come  fused  chloride  of  silver,  fbaed  prot4>- 
chloride  of  tin,  fused  chloride  of  lead,  fused  iodide  of  lead^  water  eontaimng  Itydio- 
chloric  acid,  water  contaLuing  sulpburic  add.  Thut  the  chloride  of  lead  is  more  easily 
decom posed  than  the  iodide,  perhaps  arises  from  the  platinum  electitKie  having  a 
greater  aflfinity  for  chlorine  than  for  iodine,     (Faraday,  see  page  417.) 

Thermo»eIectric  currents,  weak  both  in  quantity  and  intensity,  decompose  nitrate  of 
silTcr,  when  the  electrodes  consist  of  platinnm,  but  not  salts  of  copper,  lead,  tin,  or 
einc ;  in  these  also  electrodes  of  gold  or  silver  produce  no  effect  But  when  the  elee- 
trodes  consist  of  the  tame  metal  as  that  in  the  solution,  decomposition  is  easily 
effected,  «.  tf.  nitrate  of  silTer  with  silver  electrodes,  sulphate  of  copp«r  with  copper, 
stannous  chloride  with  tin.  acetate  of  lead  with  leaden  electrodcfi,  Phitinnm  wires 
pfodnce  no  effect  in  solutions  of  platinnm.  A  thermo-electric  current  is  best  eondocted 
mto  a  solution  of  <!ommon  salt  by  means  of  wires  of  sine,  tin,  lead,  or  inm^less  resdily 
by  oopper,  with  difficulty  by  silver,  and  not  at  all  by  platinum. 

The  current  of  the  electrical  machine,  which  is  of  very  hi^h  intensity,  is  capable  of 
passing  through  any  electrolyte  whatever;  bat  the  amount  of  decomposition  which  it 
produces  is  extremely  small  compared  with  that  of  the  smallest  voltaic  apparatus  (see 
p.  397)  t  hence  we  may  conclude  that  the  quMitity  of  electricity  deTelojwHi  by  the  elec- 
trical machine,  or  any  other  friedon  apparatus,  is  very  small  as  eompared  witli  that 
dsreloped  by  chemical  action* 

Maarano  Acnox  of  tsb  Elscthio  CxntnByT^-EtscTSO-MAGKSTfSM. 

A  magnetic  needle,  baLmoed  on  its  centre  snd  placed  in  ths  neighbourhood  of  a 
wire,  or  other  conductor,  slon^  which  a  current  of  electricity  is  passing,  tends  to  place 
itself  at  right  angles  to  the  hue  of  the  current.  This  effect,  which  we  have  already 
had  frequent  oocasioiQ  to  notice,  is  produced  by  the  electric  current,  from  whatever 
source  it  may  be  derived;  but  it  depends  on  the  quantity  of  electricity  in  the  current., 
not  on  its  intensity,  and  ia  therefore  exhibited  by  voltaic,  and  even  by  thermo-electric 
currents,  in  a  much  higfaesr  degree  than  by  those  resulting  from  friction  electricity 
(p,  399),  Very  small  wires  of  sine  and  copper  excited  by  dilute  acid  will  produce  a 
stronger  deSection  of  the  magnet  than  the  most  powerful  electrical  macliine.  The  de- 
flection of  the  magnet  is  exdasively  an  effect  of  tjlectricity  in  the  state  of  motion  or 
disdinrge;  the  highest  charges,  either  of  the  voltaic  baftery  or  of  the  electrical  machtne 
in  the  state  of  tensioD,  have  no  effect  whaterer  on  the  magnet. 

The  direction  assumed  by  a  magnetic  noedle  undei'  the  influence  of  the  euirent  msy 
be  determined  by  either  of  the  following  empirical  rulea :  — 

1.  Let  the  cbsfrver  fancy  htmseff  ejctrndrd  in  the  direction  of  the  current,  lonking 
U/wards  tht  needtt,  and  with  the  current  of  positive  electricity  fUming  from  hU  head  to 
hit  feet :  then  the  north  poU  of  the  nefdh  wilt  mope  towards  his  right  hand, 

2.  The  m*rth  pole  of  the  ncedi^  tends  t^  recolve  round  the  conducting  iwW  f'n  the 
direction  of  the  hands  of  a  watch,  the  face  of  which  is  turned  towards  that  end  of  the 
mrefrom  which  the  positiw  electricity  proceeds. 

Either  of  these  rules  will  determine  the  direction  taken  by  the  needle  in  sny  case 
whatever;  the  second  is  perhaps  the  more  convenient  of  the  two.  As  a  partictikr 
example,  we  may  raeiitioti,  that  if  the  conducting  wire  is  horiaontal,  and  in  the  direction 
of  the  magnetic  meridian,  the  current  of  +  ^mnning  from  north  to  south,  the  needla 
tarns  its  north  pole  to  the  west  if  placed  above  the  wire,  and  to  the  cast  if  placed 
below. 
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When  the  magnet  is  fieely  snspended  by  its  cenfze,  it  tends  to  place  itself  at  xiebt 
aneles  to  the  cmTent»  its  actual  position  of  equilibrium  being  intermediate  between  Sub 
and*  the  direction  imparted  to  it  by  the  earth  s  magnetism ;  e.  ^.  if  placed  above  a  hori- 
zontal conducting  wire  in  the  magnetic  meridian,  with  the  current  running  from  south  to 
north,  the  nort-h  pole  points  in  a  direction  between  north  and  east,  inclining  to  the  one 
or  the  other,  according  as  the  earth's  magnetiBm  or  the  current  acts  more  strongly 
upon  it 

As  the  direction  of  the  needle  under  the  influence  of  the  current  is  reversed,  either 
by  reversing  the  direction  of  the  current  itself,  er  by  moving  the  needle  to  the  opposite 
Bide  of  the  wire — e.  a,  below  if  it  was  previously  above — it  follows  that,  if  the  con- 
ducting wire  be  bent  back  upon  itself,  and  the  needle  placed  between  the  two  arms,  as 
in  Jiff.  428,*  the  two  portions  of  the  current  above  and  below  the  needle  will  tend  to 
give  it  the  same  direction,  so  that  the  force  with  which  the  current  acts  upon  it  will 
be  doubled ;  it  is  even  more  than  doubled,  because  the  vertical  parts  of  the  wire  like- 
wise tend  to  turn  the  needle  in  the  same  direction,  as  may  be  easily  seen  by  the  rules 

Fiff.  428.  Fiff,  429. 
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above  given  (p.  442).  Hence  also,  if  the  needle  is  placed  in  the  centre  of  a  ciicular  or 
of  ascjuare  conductor  ([j^.  428)  round  which  the  current  is  passing,  it  will  be  moved  in 
one  direction  by  the  joint  action  of  all  parts  of  this  conductor.  Further,  if  the  wire 
be  coiled  several  times  upon  itself  always  in  the  same  direction,  and  a  current  sent 
through  it  from  end  to  end,  a  needle  plaoed  in  the  centre  of  the  coil,  as  iufy,  429,  will 
be  deflected  in  one  direction  by  the  joint  action  of  all  parts  of  the  coiL 

An  instrument  thus  constructed  is  caUed  a  galvaruymeter  or  multiplier  ;  it  serves  to 
indicate  the  existence  of  very  feeble  currents,  and  by  the  magnitude  of  the  anele 
through  which  the  needle  is  deflected  by  different  currents,  an  approximate  indi- 
cation of  their  relative  strength  may  be  obtained  The  angle  of  deflection  is  not, 
however,  exactly  proportionate  to  the  strength  of  the  current,  so  that  the  instrument 
constructed  as  above  is  not  properly  speaking  a  galvanometer,  but  only  a  galvanoscope  ; 
the  former  term  is,  however,  m  common  use.  Galvanometers  constructed  for  exact 
measurement  will  be  described  hereafter. 

The  delicacy  of  the  instrument  is  greatly  increased  by  making  use  of  an  astatio 
needle — that  is  to  say,  of  a  magnetic  needle  so  mounted  that  the  action  of  the  earth's 
magnetism  upon  it  is  neutralised.  This  is  effected  by  joining  two  magnetic  needles  of 
eqiul  powers,  parallel  to  each  other,  but  with  their  poles  in  contrary  directions,  by  a 
small  piece  of  straw  or  copper  wire  passing  through  their  centres  of  ppravity.  One  of 
these  needles  is  placed  within  the  coil,  and  the  other  above,  in  which  position  it  is 
easy  to  see  that  tney  will  both  be  deflected  by  the  current  in  the  same  direction :  if 
their  similar  poles  pointed  the  same  way,  the  upper  part  of  the  coil  would  turn  them 
in  opposite  directions,  inasmuch  as  one  of  them  is  above  and  the  qther  below  it. 

With  a  given  length  of  coil,  the  instrument  is  more  delicate  in  proportion  as 
the  magnetic  power  of  the  two  needles  is  more  nearly  equal ;  if  exactly  equal,  they 
will  place  themselves  at  right  angles  to  the  coil  under  the  influence  of  the  feeblest 
current ;  but  it  is  generally  desirable  to  leave  a  certain  difference  between  Uiem,  in 
order  that  the  amount  of  deflection  may  give  some  idea  of  the  comparative  strength  of 
the  current. 

Fig.  430  represents  a  galvanometer  fitted  up  with  an  astatic  needle,  moving  over  a 
graduated  arc  The  needle  is  suspended  by  a  thread  of  unspun  silk,  and  the  whole  is 
covered  with  a  ^ass  case  to  protect  the  needle  from  the  agitation  of  the  air.    The 

•  The  arrows  hn  the  flnirn  tndlcntfr  the  direction  of  the  current  of  -I-  £;  luid  In  all  that  followa,  the 
nprcMloo  **  dlnctlon  of  the  current "  U  to  be  underttood  as  applying  to  the  potlUte  current. 
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J  |g  coiled  round  a  wooden  frame,  and  is  covered  witti  silk  to  insulate  the  sereral 

tema  of  the  coil,  bo  that  tbe  current  may  not  pass  from  one  to  the  otlier,  iMteawl  of 

going  through  the  ©ntire  length  of  tJio  wire, 

Tb©  len^  and  thickness  of  the  galrano- 
meter  wire  vary  Hccording  to  the  kind  of  cur- 
rent which  the  inBtrument  is  intended  to  in- 
dicate. For  Toltiiic  cuTTfutaj  a  win;  about  J 
millimetre  in  diameter,  and  m&king  about  SOQ 
tumg  round  the  frames,  ia  geuemUj  well  adapted. 
Tlienno-electric  currents,  which  are  of  rery  low 
intensity,  require  a  much  thicker  and  shorter 
wire,  e.<7.  |  millimetre  in  diameter,  and  coiled 
thirty  times  round  the  frame.  On  tbe  other 
hand,,  currents  smaU  id  quantity,  but  of  high 
intenaity,  are  beat  indicated  by  a  coil  of  rery 
Ene  wire,  making  irom  1,000  lo  2,000  tumB, 

The  insulation  of  the  several  turns  of  the 
coilj  one  from  the  other,  is  of  very  grcjit  im- 
portance, esfieciaOy  for  eurrenta  of  high  inten- 
sity, such  aa  thoBo  from  the  electrical  machine 
(p.  399),  M.  Collrtdon  of  Geneva,  who  fir»t 
ODBerved  the  deflection  of  the  needle  by  the 
machine  current,  uaed  a  galTanometer  of  600 
to  1,000  turait,  having  a  wire  twice  covered  with 
8 ilk,  and  each  series  of  turns  separated  from 
that  below  it  hy  a  sheet  of  oiled  silk* 

The*  direct ioo  of  the  cmrent  which  defiects 
the  galvanometer  needle  in  a  particular  way 
18  easily  determined  by  the  rule«  piven  on  p.  442,  when  the  direction  in  which  the 
wire  is  coUcd  round  the  frame  is  known.  For  this  purpose  it  is  necessary  to  dis- 
tmguiah  between  right-handi^i  and  left-hiinded  coils  or  helices.  Suppose  the  wire  to 
be  coiled  round  a  cylinder  beginning  at  the  loft  band ;  theu  if  the  turns  in  front  of 
the  cylinder  proceed  from  below  upward^  aa  in  ^.  431,  the  coil  is  laft-kanded ;  if,  on 


Fig,  431. 


%.  431 


the  contouy,  they  proceed  in  front  from  above  downwards,  as  in  ^.  432,  it  is  rigbt> 
handed, 

A  magnetic  needle  placed  with  its  centre  in  tbe  ajtis  of  such  a  coil,  ttiraa  its  north 
or  south  pole  biiwapls  that  end  of  the  coil  at  which  the  ctirrcnt  onterSj  according  as 
the  coil  is  left  or  right-handed. 

The  direction  given  to  the  needle  is  the  same,  whether  the  coil  is  elongated,  as  in 
fys.  431,  432,  or  compressed^  as  in  the  j^lvanometer.     As,  however,  in  the  giilvanometi^r  ' 
when  complete,  it  is  not  easy  to  see  whether  the  coil  is  right  or  left-handcil,  it  is  l«?st  , 
to  determme  by  eacpenmcnt,  once  for  oil.  the  direction  Jaken  by  tb©  needle  when  the 
current  enters  at  one  particular  end  of  the  coiL 


Aciian  of  the  Nagnei  on  the  Elecirk  Current 

The  acfion  between  the  current  and  tbe  ina|Tnet  is  mutual,  so  that  if  the  conductor 
conveying  the  current  is  free  to  move,  it  is  deflected  in  the  direction  opposite  to  that 
which  the  mapiet  takes  under  its  influence:  in  short,  if  the  magnet  and  eonductinf  i 
wire  arc  both  free  to  move,  they  place  theoieelves  at  right  angle*  to  each  other,  th#  ] 
magnet  moving  in  the  manner  pointed  out  at  p.  442 » the  conductor  in  the  contnuj 
direction* 

The  action  of  the  magnet  on  the  current  may  be  shown  by  means  of  Amp&re'i 
apparatus  {fy.  433).     On  holding  a  bar-magnet  below  the  rectangnW  wire  aiid 
pflTnliel  to  its  lower  horieontal  arm,  the  wire  turns  round  and  pliices  itself  at  right. | 
angles  to  the  magnet,  the  position  of  ei^uiMbrium  being  determined  by  the  rules  given 
on  p.  -142, 
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A  mnxpUsg  appantofl  for  the  same  pinpoee  is  the  JloaHng  battery  (Jig,  434)  oontnTed 
1)j  G.  De  la  Bive.  It  consists  of  a  pair  of  sine  and  copper  plates  attached  to  a  coik, 
and  connected  together  by  a  coil  of  coTered  wire  plaoed  abore  the  cork ;  the  whole  is 
floated  on  water  slightly  acidulated,  whereby  a  cnrrent  is  made  to  pass  round  the 
eoiL  On  the  approach  of  a  magnet,  the  coil  takes  up  a  position  indicated  by  the  law 
just  cited. 

The  action  of  the  floatine  battery  thus  constructed  is  rather  weak,  and  consequently 
a  coil  of  considerable  length  is  required  to  make  it  sensitive.  A  better  constmction  is 
that  shown  in  fyt,  435,  436,  in  which  the  eztromities  of  the  coil  are  connected  with 


a  small  Darnell's  cell  contained  in  a  wide  glass  tube  attached  to  the  cork  float  'With 
this  arrangement,  stronger  acid  may  be  used  and  a  mora  eneigetic  current  obtained,  so 
that  a  thinner  coil,  or  eren  a  single  circular  or  rectangular  wire,  is  sufficient  to  exhibit 
strong  deflection  under  the  influence  of  a  magnet. 

A  movable  electric  current  is  deflected  by  the  earth's  magnetism  as  well  as  by  an 
ordinary  magnet  This  may  be  shown  either  with  AmpWis  apparatus  or  with  the 
floating  battexy,  the  wire  of  either  of  which,  when  left  to  itself,  takes  up  a  position  at 
right  anffles  to  the  magnetic  meridian.  If  it  be  remembered  that  the  north  magnetic 
pole  of  tbe  earth  is  analogous  to  the  south 
pde  of  an  ordinary  magnet  it  will  be  seen 
that,  in  the  position  of  stable  equilibrium, 
the  direction  of  the  current  is  fix>m  east  to 
west  in  the  lower  horisontal  branch,  and 
ftmn  below  upwards  on  the  western  ver- 
tical side. 

The  action  of  the  earth  on  the  cnrrent 
is  much  less  energetic  than  that  of  a  bar- 
m&gnet  held  near  the  wire ;  nevertheless  it 
may  sometimes  interfere  with  the  results 
of  this  latter  action.  This  source  of  com- 
plication may  be  obviated  by  giving  to  the 
aiovable  win  the  form  of  a  double  rectangle,  fig,  437,  so  arranged  that  the  muIIi's 
aetion  on  the  one  half  shall  be  neutralised  by  that  on  the  other.  Such  an  aixangement 
is  called  an  (utatie  conductor. 
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Mtttval  Acnoir  of  Elbcthic  Currssits. 

XSseiric  eurrenU  moving  in  parallel  line*  attraet  one  another  if  thiy  mnw  in  tke»ams 
direction^  and  repd  otu  another  if  thet/  nmve  in  opposite  direction*. 

ThiB  law  nmy  be  demoiistTated  hy  bringing  a  conducting  wire  connecting  tho  polee  ] 

of  n  rather  powerful  voltaic  batteiy  sear 
the  wiro  of  the  floating  buttery,  as  sbaws  in 
/q.  438,  or  the  wire  of  Ampere' i*  ^paratoi 
(>>.  433,  437). 

The  mutual  attraction  and  repulsion  of 
currents  is  not,  howcvor,  confined  to  the  case 
of  paralleliam;  for  if  two  cnn«ota^  ab,  are 
moTing  in  dirfnctions  incli[u>d  to  each  other 
in  the  same  plane,  ▲  maj  be  resolved  into  j 
two  component  cnirentSt  one  perpendicular 
and  the  other  parallel  to  b  ;  the  former  pro- 
duces no  effect,  because  it  is  equally  inclined 
to  B  beth  warn  and  the  latter  attracts  or  re- 
pels B,  acoording  as  it  is  moving  in  the  some 
or  the  opposite  direction.     If  the  currents 
are  in  diEiTent  planes,  two  such  resolutions 
wiD  show  how  much  of  the  force  of  one, 
may  be  considered  as  acting  parallel  to  the 
other.    The  gODeial  result  lb»  that  two  iVt- 
ciined  enrrenta  txttraet  each  other  \f  thef 
both  tend  iownrds  or  both  from  the  summW] 
of  the  angle,  formed  between  them^  and  repei  »| 
one  another  if  one  is  etpproaeking  that  svm- 
mit  and  the  other  reoedmg  from  it.     Thv 
different  cases  of  this  action  are  shown  in-' 
fg.  439.     If  a  horizoaital  conducting  wire  be 

F^,  439. 


held  07W  the  hodzontal  branch  of  the  wire  of  a  floating  battei7  (/ig.  440),  and  inclined 
to  it  at  any  angle  what^Tcr,  then  if  the  two  currcnta  both  approach  the  summit  of 
that  angle  on  one  side  and  recede  firom  it  on  the  other,  the  floating  battery  will  turn 
round,  till  the  npper  horizon t^  bmuch  of  its  wire  has  placed  itself  parallel  to  the 
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other  Tire,  and  as  near  to  it  aa  possible,  the  two  enzTents  moring  in  the  same  direo- 
tion,  this  being  their  position  of  stable  eqnilibrinm.  I^  on  the  other  hand,  the  original 
position  of  the  cozrents  is  such,  that  one  approaches  the  summit  of  their  an^e  of 
intersection  and  the  other  recedes  from  it»  the  wire  of  the  floating  battery  is  at  first 
repelled  and  tarns  roond,  making  a  larp;er  and  hu^er  angle  with  tiie  fixed  wire, 
tQl  it  ultimately  settles  itself  in  the  position  of  eqaifibriam  shown  in  the  preceding 
figure. 

Suppose  now  the  wire  of  the  floating  battery  to  hare  the  form  of  a  helix,  as  in  ^.  441, 
and  that  another  helix  also  conveying  an  electric 
current  is  held  over  it.    The  floating  hdix  will  place  Fig,  441. 

itself  parallel  to  the  other,  and  in  such  a  position  that 
the  currents  in  the  nearest  parts  of  the  two  run  in  the 
same  direction ;  and  a  little  consideration  will  show 
that  if  the  helices  are  both  right  or  both  left-handed 
(p.  444),  their  similar  ends,  t.  e,  those  by  which  the 
current  enters  or  leaves  the  helix,  will  be  placed  in 
contrary  positions,  the  positive  end  of  one  over  the 
negative  end  of  the  other.  Moreover,  if  the  positive 
end  of  the  one  (that  by  which  the  current  makes  its  exit)  be  presented  to  the  nega- 
tive end  of  the  other,  attraction  takes  place ;  whereas  the  two  positive  or  two  nega- 
tive extremities  or  poles  repel  each  other.  In  short,  the  two  helicee  act  upon  one 
another  just  like  two  bar-magnets ;  and  indeed  if  a  magnet  be  substituted  for  the 
flxod  helix,  the  floating  helix  will  be  attracted  and  repelled  by  it»  and  will  place 
itself  parallel  to  it,  just  as  it  behaves  to  the  other  helix.  Moreover,  if  the  floating 
helix  be  left  to  itself  it  will  take  up  a  position  in  which  the  current  runs  from 
east  to  west,  and  the  axis  of  the  helix  therefore  points  north  and  south,  just  like  a 
magnet 

This  striking  resemblance  between  the  mutual  action  of  electric  currents  and  that 
of  magnets  has  led  to  the  idea,  suggested  and  developed  by  Amp^  that  magnetism 
is  actually  produced  by  electric  currents,  circulating  round  the  magnet  in  planes  per- 
pendicular to  its  axis,  and  such,  that  on  looking  along  the  axis  of  tiie  magnet  with  its 
south  pole  turned  towards  the  observer,  the  cuixent  moves  in  the  direction  of  the  hands 
of  a  watch,  that  is,  from  the  left  side  through  the  top  and  down  by  the  right  through 
the  bottom  to  the  left  again.  Thus  in  the  bar-magnet  represented  in  fig.  442,  the 
south  pole  is  at  the  lower  end.  Whether 
such  currents  actually  exist  is  more  than  we 
are  at  present  {nepajred  to  say.  Ko  direct 
proof  of  their  existence  has  ^et  been  given ; 
but  the  theory  affords  a  smiple  and  per- 
fectly satis&ctory  explanation  of  all  cases 
of  the  action  of  ma^ets  on  each  other, 
and  of  the  mutual  action  between  the  mag- 
net and  the  electric  current  The  funda- 
mental fact  of  electro-magnetism,  viz.  that 
a  magnet  tends  to  place  itself  at  riffht 
angles  to  an  electric  current,  is,  accordmg 
to  this  theory,  a  direct  consequence  of  the 
tendency  of  electric  currents  to  place  them- 
selves parallel  to  one  another  (see^.  442). 

The  action  of  the  currents  circulating 
round  the  axis  of  a  magnet  is  well  illus- 
trated by  the  fbllowing  experiment: — Pre- 
sent a  lMu^magnet  to  a  floatmg  battery,  with 
a  fiat  dreular  coil  (fig,  435),  in  such  a 
manner  that  the  currents  of  the  magnet  shall 
coincide  in  direction  with  that  in  the  colL 
The  ooil  will  be  attracted  by  the  magnet  and 
move  on  to  it,  fixing  itself  exactly  in  the 
middle,  where  it  ie  equally  attracted  both 
ways.  Now  take  hold  of  the  coil,  withdraw 
the  magnet,  and  insert  it  the  contrary  way. 
The  coU,  if  exactly  in  the  middle  of  the  bar, 
win  remain  there  in  a  position  of  unstable 
equilibrium ;  but  if  ever  so  little  nearer  to 
tb  f^ee  end  of  the  magnet,  it  ^rill  shoot  o£^  tnm  itself  zonnd,  and  then  return  to  iU 
positiDn  in  the  middle  of  the  magnet. 
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Thwo  are,  however,  coHain  pfeen&m&na  into  which  we  cannot  here  anter,  reUttug  \a 
the  nmtiml  action  of  magnetfi  and  electric  currenta,  which  reader  it  necessary  to  suppose 
that  tho  cnrrentfl  which  gito  rise  to  the  polarity  of  magnets  are  molecnlaTj  that  ia  to 
aay,  that  they  circulate  round  each  indiTidnal  particl©  of  the  magnet  These  currenta 
may  be  anpposed  to  pre-caciit  in  all  magnetic  bodies,  even  before  the  deTelopment  of 
magnetic  polarity,  but  diepoaed  without  regularity,  bo  that  they  neutraliae  one 
anrtther.  Magnetisation  w  the  process  by  which  thesa  molecular  currents  are  made  to 
move  in  one  direction,  ao  that  those  situated  at  the  BUiface  of  the  magnet  yield  oa 
their  resultant  a  finite  cum^nt  circulatiDg  round  the  magnet^  while  the  currenta  in  the 
Interior  are  neutraJiaed  by  tho&e  in  the  neit  external  layer,  the  contiguoua  portions  of 
which  move  in  the  direction  opposito  to  their  own^  Fiff*  444  is  a  section  of  a  cylin- 
drical magnet  showing  the  external  layer  of  molecular  currents,  the  observer  looking 


Fig,  443. 


Fig,  444. 
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towarda  the  north  pole;  tmdfy,  443  ahowi  the  fimte  superficial  cuirenti  pfodtiood  by 
their  joint  action. 

Magntiiaaiion  h^  the  Electric  CurrsnL 

A  bar  of  iron,  ateel,  or  other  magnetic  bod^  placed  at  right  an^es  to  an  eleetrift 
current, becomes  magnetised,  its  poles  being  situated  in  the  same  direction  as  those  of 
a  magnetic  needle  subjected  to  the  ioBuence  of  the  aame  curpont  and  in  the  same 
relative  poslticm»  this  direction  being  such  that  the  currents  which,  in  Ampiire's 
theory  J  are  supposed  to  circuhtte  round  the  magnet,  coincide  ia  direction  with  the 
acting  current  on  that  side  of  the  bar  which  is  nearest  to  it 

3o^  irou  is  easily  magnetised  by  the  electric  current,  but  returns  to  its  ordinary 
numrignetised  state  as  soon  as  the  current  ceases  to  act  upon  it ;  it  therefore  requires 
the  action  of  a  continuous  current,  like  that  of  the  voltaic  battery.  Steel,  cast  iron, 
and  nickol,  on  the  other  hand,  are  mor«  difficnJt  to  magnetise,  but  retain  their  magnetic 
power  when  removed  &om  the  iuHuence  of  the  current ;  the  resistance  which  tJu-se 
bodies  offer  to  any  fopc«  tending  to  fwlanse  them,  is  best  overcome  by  electricity  of 
high  tension ;  —  indeed  bard  steel  ne^'er  acquires  its  full  magnetic  polarity  under  the 
innuence  of  currents  of  low  tension,  but  only  when  subjected  to  the  sudden  discharge 
of  a  Ley  den  jar  or  battery  (p.  398). 

MmnHisaiwn  of  Soft  Iron.— A.  short  bar  of  soft  iron  placed  at  right  angles  to  a 
wife  joining  the  poles  of  a  voltaic  batteir  becomes  mngnetic;  and  on  bringing  the 
same  wire  in  contact  with  a  maas  of  iron  ftimga,  a  number  i>f  them  will  adhere  to  it  as 
long  as  the  circuit  i^  complete,  falling  off  as  soon  as  it  is  brokou.  This  attraction, 
acconiing  to  Amf>^re*s  Lheoiy,  is  merely  a  case  of  mutual  attraction  between  electric 
currents  running  in  the  sanije  direction^ 

In  longer  ban  of  soft  iron,  the  magnetic  influence  of  a  straight  current  is  scarcely,  if 
at  all,  perceptible ;  but  by  causing  the  current  to  act  simultaneously  all  along  the  bar, 
which  may  ne  effected  by  coiling  the  wire  round  it  in  the  form  of  a  helix,  very  strong 
magnetic  polarity  may  be  developeid,  even  by  the  current  of  a  small  voltaic  couple* 
Thu  wire,  if  covered  with  silk^  may  be  coiled  directly  round  the  bar ;  if  unooverei  it 
most  be  coiled  round  a  paper  or  wooden  tube  within  which  the  bar  ia  inserted ;  but 
covered  wires  ai*e  genendly  used,  be^'iiuae  the  turns  of  the  coil  may  then  bo  kept  veiy 
close  together,  and  the  wire  may  be  coiled  round  the  bar  in  several  layers.  The 
direction  of  the  polarity  depends  of  course  ou  the  kind  of  helix  used.  With  a  left- 
handed  helix  (p.  Hi)i  the  north  pole  of  the  bar  is  at  that  end  of  the  ooil  at  which  tha 
current  enters. 
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A  bar  of  00ft  iron  bent  in  the  fonn  of  a  horse-shoe,  and  harinfi^  a  long  coil  of  wire 
round  it,  becomes  a  v«ry  powerful  magnet,  when  its  poles  are  joined  by  a  keeper  of 
floft  iron  and  a  current  is  sent  through  the  coil ;  such  an  electro-magnet  will  support  a 
yery  great  weight.  If  the  soft  iron  is  of  good  quality,  and  has  been  several  times 
tempered  by  slow  cooling,  the  development  of  the  magnetism  follows  instantaneously 
on  tne  closing  of  the  circuit ;  by  far  the  greater  part  of  the  magnetLsm  disappears  also 
on  breaking  the  circuit,  but  a  small  amount  is  retained  for  a  time,  depending  on  the 
length  of  the  bar — long  bars,  and  more  especially  horse-shoes,  retaining  a  portion  of 
their  magnetism  for  a  longer  time  than  short  ones.  In  horse-shoes  the  retention  of 
the  polarity  is  greatly  promoted  by  joining  the  poles  with  a  soft  iron  keeper.  A 
horse-shoe  electro-magnet,  which  supported  a  weight  of  120  lbs.  while  under  the  in- 
fluence of  the  current,  was  found  to  carry  60  lbs.  when  the  circuit  was  interrupted, 
and  retained  this  power  for  a  long  time,  while  the  keeper  remained  in  position  ;  but 
on  forcibly  separating  the  keeper,  the  whole  of  the  magnetism  was  destroyed.  The 
cause  of  this  effectfts  mat  the  keeper,  by  contact  with  the  poles  of  the  magnet,  becomes 
itself  a  ma^et,  each  of  its  extremities  becoming  a  pole  of  opposite  name  to  that  of  the 
magnet  with  which  it  is  in  contact ;  and  these  poles  intensify  the  polarity  of  the 
magnet,  just  as  a  body  electrified  by  induction  intensifies  the  electric  polarity  of  the 
inducing  body  (p.  386),  the  whole  forming  a  kind  of  closed  magnetic  circuit,  the 
dififerent  parts  of  which  tend  to  keep  one  another  in  equilibrium ;  on  removing  the 
keeper,  this  equilibrium  is  destroyed,  and  the  bar  of  iron  returns  to  its  ordinary 
state. 

Magnftisation  of  Steel,  —  Steel  bars  or  wires  are  permanently  magnetised  when 
placed  within  a  helix  through  which  a  voltaic  current  or  an  electric  discharge  is  passed. 
For  the  latter  mode  of  operation,  the  helix  must  be  coiled  round  a  glass  tube  and  the 
steel  bar  placed  within  the  tube  (p.  398) ;  for  the  former,  either  this  method  may  be 
adopted,  or  helices  of  covered  wire  without  the  glass  tube  may  be  used.  With  a  simple 
helix,  that  is,  one  in  which  all  the  turns  of  the  coil  go  the  same  way,  the  resultmg 
magnet  will  have  only  two  poles,  like  an  ordinary  bar-magnet,  the  north  being  turned 
towards  the  positive  or  negative  end  of  the  helix,  according  as  the  latter  is  right  or 
left-handed ;  bat  if  one  h^'  of  the  helix  is  right  and  the  other  left-handed,  a  kind  of 
double  magnet  will  be  formed,  having  two  similar  poles  at  each  end,  and  a  con- 
trary pole  in  the  middle ;  and  with  a  triple  helix,  e.  g.  consisting  of  a  right-handed 
portion  placed  between  two  left-handed  portions,  a  magnet  will  1^  formed  with  four 
consecutive  poles,  arranged  thus,  N,  S,  N,  S ;  and  simUarly  for  any  number  of  alter- 
nations. 

By  the  discharge  of  a  large  Leyden  jar  or  battery,  steel  wires  may  be  magnetised 
when  simply  laid  at  right  angles  to  a  straight  conducting  wire,  cither  in  contact  with 
it,  or  at  the  distance  of  several  inches.  The  intensity  of  the  magnetism  thus  developed 
increases  with  the  intensity  of  the  discharge,  other  things  l^ing  equal ;  but  when 
needles  of  hard  steel  are  placed  at  different  distances  from  the  conducting  wire,  the 
intensity,  and  even  the  direction,  of  the  magnetic  polarity  induced  by  the  same  electric 
discharge,  are  foimd  to  vaiy  in  a  very  remarkable  manner,  accordmg  to  the  distance. 
From  the  experiments  of  Savary  (Ann.  Ch.  Fhys.  [2]  xxxiv.  6\  and  Abria  {ibid, 
[3]  i.  385),  it  appears  that  the  intensity  of  the  magnetism  produced  by  the  electric 
discharge  does  not  diminish  constantly  as  the  distance  becomes  greater,  but  increases 
with  the  distance  beyond  a  certain  pomt^  where  it  is  at  a  minimum ;  and  that^  on  the 
same  side  of  the  conducting  wire,  and  with  the  same  direction  of  the  discharge,  the 
situation  of  the  magnetic  poles  with  reg^ard  to  the  wire  changes  more  than  once  at  dif- 
ferent distances.  In  contact  with  the  conducting  wire,  or  at  very  short  distances  from 
it,  the  poles  are  disposed  according  to  the  general  law  (pp.  442,  444).  The  table  on 
pL  450  contains  the  results  obtained  by  Savary  with  a  platinum  wire  2  metres  long  and 
i  millimetre  in  diameter,  hard-tempered  steel  needles  15  mm.  long  and  ^  mm.  iii 
diameter,  and  an  electrical  battery  having  a  coated  surface  of  22  square  feet  The 
strength  of  the  magnetism  acquired  by  the  needles  was  estimated  by  the  time  in  which 
they  performed  a  given  number  of  oscillations  under  the  influence  of  terrestrial  mag- 
netism. To  avoid  any  errors  that  might  arise  from  the  mutual  action  of  the  steel 
needles,  they  were  not  placed  vertically  one  over  the  other,  but  over  different  parts  of 
the  conducting  wire.  The  polarity  of  a  needle  is  called  positiife  when  its  direction 
coincides  with  the  general  law,  negative  in  the  contrary  case. 

It  appears  from  the  table  that,  for  the  positively  magnetised  needles,  there  was  a  maxi- 
mum of  intensity  at  contact,  and  another  at  the  height  of  30  mm.  above  the  wire,  the 
second  maximum  being  somewhat  greater  than  the  flrst  For  the  negatively  magne- 
tised needles,  there  was  a  maximum  at  5  mm.  The  minima  of  intensity  corre^nded 
with  the  changes  of  sign.  In  another  experiment,  in  which  the  conducting  wire  was 
only  1  metre  in  length,  four  changes  of  direction  in  the  polarity  were  observed,  and  the 
last  maximum  was  at  the  height  of  40  mm.  instead  of  30. 
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The  diameter  of  the  coudiieting  wire  likewiso  affoot«j  the  distjin<?ei  at  which  thff 
chimg&i  tjf  sign  in  the  magnetic  polarity  take  place  ;  y^hh  a  rery  fin©  wirr,  ^  mm.  in 
diaioettT,  no  such  cbiiiigfis  of  sign  irer©  observed,  and  the  niaximum  of  intensity  waa 
at  the  diiitancc  of  11  mm.^  that  is  to  saj^  fire  tdmea  less  than  with  a  wire  of  three 
timea  the  din  meter* 

The  intensity  of  tlie  magnetiBatioo  is,  caierit  paribus,  greater  as  tiae  len^  of  the 
wire  is  le«iH  iii  proportion  to  it«  diameter.  This  mereaae,  however^  has  a  limit:  a  wire 
1  metre  long,  for  example,  ^Tes  the  highest  maximum  of  m:igtietisation  whea  ita 
diameter  ia  ^  mm. ;  at  the  diat^nce  at  whieh  thia  maximnm  eSect  is  produced,  the 
needle  ia  magaetiaed  to  satnratioii;  with  greater  lengths  of  wire  the  intenaitj 
ia  lesa.  The  relatiTe  maxima  ai«  nearer  to  the  wire  in  pro^Ktrtion  as  the  wire  ia 
]onp;er. 

The  influen<;e  exerted  hj  the  length  and  diameter  of  the  conducting  wire,  appeaiv  to 
depend  upon  the  amount  of  retardation  which  it  producea  on  the  discharge :  for  in  a 
einruit  forrotHl  of  three  wire»  of  unequal  diameters,  joined  end  to  end,  the  magnptising 
i^flfi.ct  of  the  dischai^o  i»  the  eame^  in  whatever  part  of  the  circuit  the  needle  is 
plat:*d,  the  Telocity  of  the  diachac^e  being,  of  course,  the  same  in  eTory  part  of  the 
circuit. 

The  dimensions  and  hardness  of  the  needlea  liare  likewiac  a  rery  decided  inflnence 
on  the  results ;  neetUes  of  unhandened  steel  exhibit  no  change  of  eign,  whereas  those 
of  hard-tempered  steel  exhibit  at  least  three  audi  changes.  If  the  diameter  of  tie 
ui^eiUe  ia  aomewhat  considerahle,  the  stroDgest  magnetisation  takes  place  in  contaet 
with  the  conducting  wire,  and  the  intensity  continnally  diminishes  with  increase  of 
distance.  A  hardened  neetlle  of  considerable  thickneaa  is  magnetised  by  the  disdmrge 
like  an  unhardened  net^dlc  of  smiiller  diameter,  a  fact  which  ma^  be  explained  by  ob- 
serving that  the  hardening  affecta  only  the  surface,  and  that,  m  a  thick  needle,  the 
surface  bears  a  fimaller  proportion  t4>  the  mass  than  in  a  thin  one. 

With  helices,  ahiO,  several  changes  of  sign  were  obtained  in  the  polarity  of  hard- 
tempered  steel  needles  placed  at  different  distances  ;  hut  when  the  total  length  of  the 
wire  was  increased  without  changing  that  of  the  coiled  portion,  the  changes  of  sign 
became  less  frequent,  till  finally  the  polarity  was  no  longer  reTersed  at  different  dis- 
tancea^  but  only  heciime  less  intense  as  the  distance  increased.  The  length  of  a 
needle  placed  within  the  helix  haa  no  influence  on  the  direction  of  ita  polarity,  but  only 
on  thf^  intensity* 

Non-conducting  bodiCB,  such  as  dry  paper,  wood,  or  glass,  interposed  betw^een  the 
atecl  bars  and  the  conducting  wire,  have  no  iufluenci%  eilher  on  the  direction  or  on  the 
intenaity  of  the  magnetism  produced,  but  cojuiactiug  liodies  modify  the  cffvot  to  a 
considerable  extent;  thus,  if  two  similar  needles  are  plawd  within  a  helix,  one  no- 
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c^orered,  the  otber  endoaod  in  a  tliick  copper  cjlinder  kept  out  of  contirt  with  the 
helix,  ft  discharge  whicli  miignetiaca  the  former  atrongly,  produeoa  no  efft>et  on  the 
latter.  By  gradually  diminiflhing  the  thickness  of  thu  metallic  enTelape»  the  needle 
in  mora  mud  more  magnetified  hj  a  discharge  of  priren  atrcogth.  In  fttimo  ea«e«i,  the 
«iiT6lope  changes  the  direction  of  the  polanty  induced.  It  is  only  by  eontiuuotu 
enrelopea  that  these  effecta  are  produced  ;  metallic  powders,  whicli  conduct  but  filowly, 
hare  no  effect. 

These  effects,  and  others  produced  hj  the  interposition  of  metallic  discs,  are  doo 
to  momentary  electric  currents,  excited  in  the  conducting  disc  or  envelope  by  the 
diBcbarge.  The  remarkable  variations  of  intensity  and  inversion  of  the  polarity  st 
different  distances  from  the  wire^  are  probably  duo  to  a  similar  catifki,  uamely^  the 
polarisation  of  the  molecules  of  the  intervening  medium. 

Sttvary  has  also  shown  that  similar  reemlta  may  be  obtained  with  the  contiguous 
TOltaie  current,  and  that  the  ma^etising  effects  of  the  current  approach  inoru  ne-urly 
to  tbo«e  of  the  sudden  discharge,  in  proportion  as  the  current  baa  a  higher  irit<^nMit>\ 
and  the  battery  is  charged  with  a  liquid  of  less  couducting  power.  Altogether,  the 
cflbcta  are  leas  distinct  with  the  current  than  with  the  sudden  discharge,  especially  with, 
regard  to  the  change  of  direction  of  the  polarity  at  different  distances  from  the  eon^ 
ducting  wire.  Steel  needle*  an  not  atroiiglj  magnetiaod  by  the  corrent  unloas  thoy 
are  pl^ed  within  a  helix. 


Fiff,  445. 


Electbo-d Yif Aioc  lyntrcnoN,  — Maokbto-blbcteicitt, 

An  elf^ctric  current  produces  no  perceptible  disturbance  in  the  electric  state  of  a  neigh- 
bouring conductor,  so  long  ajs  it  remains  of  constant  strength,  and  the  relative  positions 
of  the  two  remain  unaltered ;  but  if  the  current  undergoes  any  vanation  of  strength — 
eapecially*  therefore,  at  the  momenta  of  its  commencement  and  cessation, -^ or  if  it  be 
tnade  to  approach  or  recede  from  the  other  conductor^  it  then  produces  an  electrical 
distttrl>ance  in  that  body,  and  if  the  latter  forms  a  closed  circuit,  developed  in  it  a 
current  of  electricity,  i'his  mode  of  action*  discovered  by  Faraday  in  1832,  id  called 
Electro-dynamic  Induction.  Its  effecta  may  be  studied  by  means  of  the  appa- 
I  rata  ft  represented  in^C^.  445. 

Two  copper  wires  covered  with  silk  are  coiled  round  a  hollow  wooden  cylinder,  so 
MS  to  form  two  perfectly  similar  but  aepa- 
1  rate  helices,  the  turns  of  which  are  pa* 
THllel}  and  as  close  to  each  other  as  pos* 
aible.      The  ends  of  one  of  these  helices 
I  A,  are  connected  with  a  galvanic  battery ; 
those  of  the  other,   B,  with  a  gal  van  o- 
\  in^ter.     At  the  moment  of  completing  the 
[  battery  circuity  the  galvanometer  needle 
I  moves,  its  motion  indicating  a  current  in 
wire  B,  in  the  direction  opposite  to 
l«that  of  the  batteiy  current  in  A,     This 
finduced   current,  however,   is   only  mo- 
I  men t^ry,  the  needle  immediately  returning 
i(o  its  ordinary  position  of  equilibrium, 
and  remaining  there  as  long  aa  the  bat- 
iteiy  circuit  remains  closed ;  but  on  break- 
Ting  the  circuity  the  needle  again  moves, 
[and  in  the  direction  opposite   to  that  of 
t  movement,   indicating^  therefore, 
ent  in  the  wire  B,  in  the  same  di- 
al that  in  A;  this  last  also  is 
nnentaiy. 

variation  in  the  strength  of  the  battery  current  prodaeea  effects  aioiilar  in 
.though  leas  in  degree,  to  those  resulting  from  its  commencement  or  cessutioa: 
[itoT  an  increase  in  the  strength  of  a  current  is  equi^^alent  to  the  production  of  a  fresh 
current;  and  a  decrease,  to  the  cessation  of  a  current  of  less  strength. 

If  only  a  single  helix  is  wound  round  the  hollow  wooden  cylinaer  in  the  lost  figuw, 
is  ends  connected  with  a  galvanometer,  and  another  helix  through  which  a  current  i* 
iiising  is  quickly  tbmst  into  the  tube :  a  momentary  current  is  also  induced  in  the 
mt  helix  in  a  direction  opposite  to  that  in  the  second  ;  so  long  as  the  latter  remains 
ithin  the  tube,  no  current  passes  through  the  galvanometer,  but  on  quickly  with- 
drawing the  inner  helix,  a  momentary  current  paases  through  the  galvanometer,  in  the 
l-direction  opposite  to  the  fonnpr,  that  is  to  say,  in  the  same  direction  aa  that  in  th« 
^   vable  helix.      This  experiment  is,  indeed,  only  another  form  of  the  first  j  in  botll 
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cubch  aa  electric  current  ia  suddenly  brought  into  the  neighbourhood  of  a  con- 
ducting wire  forming  a  closed  circuit,  and  as  suddenly  witb&twn ;  but  the  making 
and  breaking  contact  with  the  buttery  in  the  ilnt  experimentt  adniltB  of  a  much 
quicker  introduction  and  KMwoval  of  the  coment^  than  tbl^  mi?chaiiical  movement  of 
the  helix  in  tho  Bccond :  honce  the  induced  curreuta  are  n^ore  powerful  in  the  first 
inatanctf. 

All  these  eflFcMJta  areg^rejitlyinteiiflifiecl,  but  not  altered  in  dir<*ction,  by  the  introduc- 
tion of  a  bar  of  soft  iron  or  u  bundk*  of  iron  wires  within  the  inducing  helix.  Thus 
with  the  double  helix  (fy,  446),  on  mukin^  conflict  with  tho  battery,  the  iron  becomes 
Strongly  magneliacdf  and  we  may  suppose  that  a  number  of  mokculur  currenta  are 
made  to  dirculate  round  ita  partides  in  the  aamo  direction  as  the  current  of  the  helix 
A  (p.  447) ;  those^  iit  the  moini^iit  at  their  formation^  induce  a  atrong  momentaiy  current 
in  the  contrary  dirorlion  in  the  helix  B;  and  on  br<?aking  contact^  the  magnetism  is 
destroyed,  and  an  equnlly  strong  curreDt  is  induced  in  B,  in  the  same  di»3ctioii  as  tJiat 
in  A. 

The  aame  effects  are  produced  by  magoetiBiiig  the  iron  b«r  within  the  helix  tn  any 
other  wnj  ;  thus  on  bringing  tlie  opposite  poles  of  two  bar  magnets  in  contact  with  the 
extromitiea  of  the  bar,  a  ciirrpiit  is  developed  in  the  helix  B  ;  and  on  rumoving  the 
magnet 8  and  thereby  unmiiguetUing  the  bar,  a  momentjiry  current  ia  formed  in  the 
contrary  direction. 

Again,  in  the  second  form  of  the  expei'im<>nt,  if  a  bar  of  soft  iron  is  introduced  into 
the  niorubk  helix,  a  current  is  developed  in  the  fixed  helix  in  the  same  direction  aa 
when  the  iron  ia  not  there,  but  of  great^rr  intensity ;  and  if,  instead  of  the  helix,  a 
permanent  magnet  be  thrust  into  the  tube  with  its  polea  in  the  same  direction  aa  those 
of  the  temporary  magnet  formed  by  the  helix,  the  same  momentary  current  will  be 
protluced  as  before,  and  a  contrary  current  on  withdrawing  the  magnet. 

The  direction  of  a  current  developed  by  the  action  of  a  magnet,  is  detecmined  by 
the  following  law : — Uu  devdopmeni  of  magnetism  in  a  bar  of  iron  tn  uU  ntighhour- 
hoofl  of  and  at  right  anglsM  to  a  doted  amdnciing  urirr^  &r  iht  movement  of  a  prrmanent 
magnH  in  the  neighbourhood  of  tuck  a  istrs,  induce*  in  it  a  current  of  dtctridtif,  the 
direction  of  Ufhich  is  oppotite  to  thai  which  would  demlope  the  tame  magnetic  polarity 
in  the  iron,  or»imprt6S  the  same  motion  en  the  mugnet ;  and  on  drttroging  the  magiteti^m 
in  the  trvm,  or  movtjtg  the  permanent  magnet  the  contrary  way,  an  oppoeite  current  ie 
dewfoped  in  the  wire. 

The  intensity  of  the  inducfd  eiirrenta  varies  with  the  length  and  diameter  of  the 
wire  in  which  they  are  dercloj>ed,  nka  on  the  enei^  of  the  inducing  currents,  or  the 
power  of  the  magnet  In  general,  it  is  atlvantjigeoua  to  use  very  long  wires,  and  even 
to  join  several  helieei  end  to  end ;  but  in  that  case,  if  the  induction  ta  not  effected  by 
the  action  of  a  ms^et,  it  is  necessary  to  employ  an  inducing  cnrt^nt  proceeding  from 
a  battery  of  a  coDSiderahle  number  of  pairs.  These  conditiona  vaiy,  however,  acoonling 
to  the  eflecta  to  be  produced,  and  comtoquently  with  the  natnre  of  the  conductors 
through  which  the  induced  current  is  to  pass. 

An  electric  current,  at  the  momenta  cf  its  commencement  and  cessation,  developers 
momentary  currents,  not  only  in  neighbouring  wires,  hut  likewise  in  the  wire  tlirough 
which  itself  is  passing.  When  a  copper  wire  is  made  to  dip  into  two  mercury  cups 
attached  to  the  plates  of  a  simple  voltaic  battery,  the  spark  produced  on  breaking  con- 
tact is  much  brighter  than  that  formed  on  making  cotf tact,  especially  if  the  wire  is  long 
and  formed  into  a  coil,  and  still  more  if  it  \»  coiled  round  a  bar  or  horse-shoe  of  soft 
iron.  The  cause  of  this  difference  is  that  the  battery  current,  at  the  moment  of  its 
oommeneement,  induces  an  opposite  current  in  the  conducting  wire,  whereby  its  own 
fhroe  is  partly  n^ttnlised,  whereas  at  the  moment  of  cessation,  it  induces  a  seeond^u-y 
current  in  the  same  direetioD  as  itself,  whereby  its  force  is  augmented  and  a  stronger 
spark  proilticed. 

These  secondary  cuirents,  which,  like  those  induced  by  the  current  in  neighbouring 
wires,  are  of  considerable  intensity,  may  be  rendered  evident  by  attaching  to  the  win*, 
near  its  extremities,  two  thinner  wires  connected  with  a  galvanometer:  the  needle  will 
then  be  deflected  on  completing  and  breaking  the  battery  circuit.  If  the  extremities 
of  these  thinner  wires  arc  brought  close  together,  a  spark*  will  pasa  between  tliem  at 
each  completion  and  interrnption  of  the  circuit;  and  if  copper  cylinders  are  attach^Ml 
to  them  and  held  in  the  inoiMtened  hands,  a  shock  will  bo  felt.  When  the  secondaiy 
current  is  diverled  in  either  of  the^e  ways,  the  brightness  of  tho  apark  which  appean 
on  breaking  th*^  battery  circuit  ia  much  diminished, 

Theformationof  these  secondary  currents,  cidled  extra-cnrrontSv  will  be  easily 
understood  if  we  remember  that  a  wire  may  be  r^^garded  as  a  number  of  smaller  wires 
or  rows  of  particles  laid  paraDel  to  one  another. 

Induced  eiUTcnta   are  al*j  developed  by  the   influence  of  the  earth*s  magnetism, 
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e,^.  when  a  rectangular  wire  whose  extremities  are  connoted  with  a  galvanoniet<?r  is 
made  to  move  round  itM  lower  sido  at  riglit  anglea  to  the  magnctii;  meriiliau.  The 
direction  of  the  cuirent,  in  all  variL'ties  of  tliu  movement  and  form  of  the  rnn- 
ductor,  mtxy  be  easily  made  out  from  the  preceding  generid  mles^  rememberijig  that 
tli6  north  magnetic  pole  of  the  earth  is  analogous  to  tbe  sonth  polo  of  an  ordinary 
et 

Btduced  eurrenU  of  higher  orders,  —  An  induced  cnirent  is  ca|)iili1e  of  doreloping 
oth^  induced  currents  in  oeighbonrmg  conductors  ;  and  the««  iigam  dorolope  others, 
the  series  bring  contifiued  through  several  terms*  These  phenomena  wer«  flrHt 
observed  bj  Dr.  Hen  ry^  of  Princ  oton  (Ann.  Ch,  Phye,  [3]  iii.  394),  who  made  use  of 
the  apparatOB  represented  in  fy.  44@»  consisting  of  a  number  of  flat  spiniU  of  coTered 

Fiff.  446. 


\  eoppfir  riband.  The  first  spiral  a^  is  connected  with  the  poles  of  a  voltaie  battery  ; 
sbovs  thi^  and  Tery  €lo-«e  to  it,  is  plaeai  another  spiral  b,  the  ends  of  whkh  are  etin- 
neeted  with  those  of  a  third  spiral  <:,  above  which,  and  very  close  to  it»  is  a  fourth 
ppiral  d^  connected  with  a  fifth  <*,  and  so  on*  At  the  moinent  of  inUrrupimtf  tlie 
battery  carrent  in  fl,  an  induced  current  is  developeti  tn  h  in  the  »aroe  direction  as  in  <?; 
j  thii  induced  current  paasi^  on  to  c\  and  there  developes  in  «i  a  momentnrj'  cunx^nt  in 
'  the  ecmtimry  direction  ;  this  current  passes  on  to  r,  where  it.  developea  in  /  a  current 
direction  is  opposite  to  that  of  rf,  and  thereforo  the  same  as  that  of  a  and  6. 
ction  of  tha  current  in  any  one  of  the  spirals  may  be  determined  by  inter- 
in  itn  circttit  a  galvanoTneter,  or  a  chemical  Toltameter,  or,  as  in  the  figure* 
f  •  fie! IS  containing  a  steel  wire^  which  becomes  magnetised^  and  indicates  the 
direction  of  the  current  by  the  poftitions  of  its  poles. 

Of  the  induced  currents  developed  on  inUrrupting  the  primary  or  buttery  current, 
the  secondary,  quaternary,  and  all  of  even  order,  have  th^*  same  dirpetion  as  tho 
primary  current,  while  the  tertiary,  and  others  of  uneven  order,  move  in  the  contrary 
direction. 

Similar  phenomena  are  observed  at  the  instant  of  closing  the  battery  circuiti  except- 
ing that  as  the  Brt?ondar}''  current  (in  the  helii  h  above)  Is  of  contrary  direction  to  the 
primary,  all  the  induced  currents  of  even  order  also  move  in  the  direction  contrjiry  to 
that  of  the  primary,  and  those  of  uneven  order  in  the  same  direction  aa  the  primary 
current. 

The  phenomenon  is,  howerer,  more  complicated  than  the  preceding  descriptiou  would 
imply :  for  every  current,  however  developed,  induce*  in  a  neighbouring  conductor  two 
other  CQirents,  one  at  the  moment  of  ita  commencement,  in  the  opposite  direction  to 
itaelff  the  other  at  the  moment  of  its  cessation,  in  its  own  direetioii.  Hence  there  are 
in  reality,  two  secondary^  four  tertiary  currents,  eight  of  the  fourth  order,  2"-i  of  the 
m^  order*  It  is  only,  however,  the  eeeondary  currents  that  are  separated  from  each 
otho^  by  a  finite  interval,  that  namely  botween  the  closing  and  interruption  of  the 
bttttcarj  circuit,  which  may  be  made  as  long  as  we  please ;  but  each  of  the  secondary 
enrrenta  baa  but  a  momentary  duration :  consequently,  of  the  two  tertiar}'  currents 
witich  it  produces,  the  second  follows  instantly  upon  the  firsts  and  the  current  actually 
ved  is  merely  the  difference  between  the  two.  Similarly  with  regard  to  the 
Dta  of  higher  orders.  If  then  the  two  current  developed  in  a  conductor  at  the 
I  instant  by  the  action  of  a  current  of  the  next  lower  oraer»  were  always  equal  in 
qnazititj  and  intensity,  no  currents  of  higher  order  than  the  second  could  ever 
be  obaerved.  This,  however,  is  not  tlie  case. ;  the  two  secondary  currents  formed  at 
the  commencement  and  cessation  of  the  primajy  current  are  equal  in  quantity,  pro* 
ducing  equal  and  opposite  deflections  of  the  galvanometer  ;  but  they  differ  in  intensity, 
that  is  to  say,  in  their  power  of  overcoming  resistanees,  the  direct  current  having  a 
(Hvater  inteuMity  than  the  inverse.  Similar  diffi»enees  of  intensity  appear  alao  to 
*Ai»t  in  the  two  siinultaneons  currents  of  any  higher  order,  excepting  that  in  these 
the  inverse  currents  possese  the  higher  intensity,  so  that  the  current  actually  produced 
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roorea  in  the  dir^tioo  contrnry  to  that  to  irhich  it  owm  its  origin.  Th&t  the  induced 
ciuTt*nt8  of  ordora  hij^her  than  the  second  are  reallj  the  resultants  of  opposite 
induced  purrenta  of  diffbrent  intensity,  is  in  occordanee  with  the  fact,  that  tliey  are  all 
capable  of  producing  chemical,  caloriftc,  and  physiological  eifects,  that  is,  of  trmTorsing 
circuitij  which  offer  considerable  resistance,  but  that  tlio  galranometef  is  BcaiceHj  d»- 
flected  by  any  induced  current  of  higher  order  than  tho  second. 

Induced  currenta  of  eeTend  orders  are  likewise  produced  by  the  sudden  discharge  of 
dectricity,  as  by  tho  dischaigo  of  an  electrical  battery.  The  effects  are  somewhat 
complicated,  but  the  general  laws  of  the  action  are  the  same  as  when  the  primary 
current  is  coutinuoos.  As,  bowevOT,  the  primaiy  discharge  is  instantaneous,  or  nearly 
so,  the  two  opposite  secondaiy  currents  which  it  induces  on  a  neighboimng  conductor, 
succeed  one  another  at  an  imperceptibly  short  internal,  and  therefore  nearly  ueutRdise 
each  other,  if  the  circuit  docs  not  presmt  much  resistance ;  but  if  the  circuit  is  inter- 
rupted, either  by  a  thin  wire  which  becomes  heated,  or  by  an  interval  which  gives  rise 
to  tho  passage  of  a  spark,  one  of  the  induced  currents,  gent'rally  the  second,  or  that 
which  has  the  same  direction  as  the  primary,  predominates  over  tie  other,  (Hi ess, 
Eeibunffa-electricitdt,  ii.  266-356.— Matt e^icci,  Ann.  Ch.  Phys*  [3]  ir.  163.— Dove, 
ihidu  iv,  336* — ^M a r i a n i n i,  iM(L  x,  4 9 1 ;  xi  386. —  Enochouhauer,  iind,  xrii  ISO, 
— V«rdet,  ifnd.  atxiv.  377,— Do  la  Hive,  Traiti  L  406.) 

Theory  of  Electro*dynainic  Indttctimt. — Tho  foEow^ng  explanstion  of  tbo  derelop- 
ment  of  induced  currents  is  given  by  De  la  Bive  (Traite  i,  445).  Electro-dynamic 
induction  maybe  reguded  as  the  n'sult  of  the  decomposition  by  intjuenceof  the  natural 
eWtricity  belonging  to  each  particle  of  the  conductor  subjected  to  the  action  of  the  cur- 
ri*i*t»  by  the  alrrady  separated  elocLricitiea  of  each  particle  of  the  conductor  conTeying 
that  currents. 

Considering  the  current  as  a  series  of  deoompoaitions  and  recompositiofts  of  tho 
cluctricitiea  of  contigoous  molecules,  suppose  AB  {Jiff.  447)  to  be  a  oondttctor  through 
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which  a  current  is  passing  from  A  to  B.  Tho  part  ides  which  compose  this  conductor 
haTs  their  natunil  electricity  decomposed,  th^  -  E  of  each  turning  towards  A,  which 
3S  the  positive  pole  of  the  apparatus  gencniting  the  current,  and  the  -i-£  to  B,  wliick 
is  the  negative  pole.  These  opposite  electricities,  aa  soon  as  they  are  sewirated, 
recombine  from  particle  to  particle,  the  —  A'  of  a  with  the  -^  Eot  the  pole  A,  the  -£of  b 
with  the  +  E  of  o,  and  bo  on  up  to  A,  the+  £of  which  unites  with  the— £*of  the  pole  B. 
This  recomtJosition,  which  is  JiistJitj  tan  eons,  is  imniedi»tely  followed  by  a  new  decom^ 
|)osidon,  tht^n  follows  another  rcconiposition,  &c.  this  scries  of  fictions  going  on  so  rapidly 
that,  ss  experiment  shows,  the  whole  of  the  conductor  is  kept  in  a  constant  state  of 
tension. 

Now  let  there  bo  a  second  conductor,  A'  B',  as  near  as  posaible  to  the  first  hnt  insu- 
lated from^  It  by  silk  or  wiiz.  At  the  moment  when  tbe  current  liegins  to  pass  through 
A  B,  and  lU  particles  are  polarised,  ng  in  the  fif^mro,  thove  of  A*  B'  become  polarised 
m  the  opposite  wa^,  the  +  E  of  each  particle  of  A^  B'  b<  ing  opposite  to  the  -^  of  tho 
corresponding  parttele  of  A  B ;  whence  it  foUows  that,  if  at  the  moment  when  tlie 
current  begins  to  pass  Uiroiiprh  A  B.  the  two  extremities  of  A'  B'  are  united  by  a 
conductor,  such  m  a  galvanometer -wire,  the  +^of  tht*  particle  c'  unites  through  that 
conductor  with  the  -E  of  the  particle  A',  producing  thcnfore  a  momentary  cttrreat 
Whose  direction  is  fhjm  A'  to  B'  in  that  conductor,  and  from  B'  to  A'  in  the  mre  A'  B' 
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itself,  that  in  to  say,  in  the  direction  contrary  to  tbst  of  the  inducing  current.  In  like 
nmnueri  if  tho  ends  A'  B*,  instead  of  being  joined  by  a  conductor,  arc  mude  to  eommu- 
nicttte  severally  with  the  two  plates  of  a  coodensert  A'  imparta  to  it  a  charge  of  -(-  £^ 
K  a  charge  of  —K  As  booq  aa  a  has  lost  itd  positire  und  h'  ita  negative  cloctncity, 
tho  —  £  of  a  is  disguised  by  the  +E  of  6',  and  so  on  to  ff\  the  —E  of  which  is 
disguised  by  the  +  Eot  h\  These  opposite  electricities  att;iclied  to  the  contiguous 
particles  do  not  at  once  reoombine  and  neutralise  one  anotlier,  because  they  are 
retained  in  their  plucea  by  the  opposite  electricities*  of  tlio  particles  of  A  B;  but  as 
soon  as  the  cummt  ceases  to  pass  along  A  B,  the  **  £  of  a*  unites  ^ith  the  +  £  of  h* 
through  the  mi'dium  of  the  conductor  which  connects  the  ends  A*,  B',  and  at  the  same 
time;^  the  oppoBito  electricities  of  the  particles  a',  b\  c\  tf,  e\  f^  and  cf  recomLine^  pro- 
ducing a  current  from  B'  to  A'  in  tho  conduct^^r,  and  from  A'  to  B'  in  the  wire  itself, 
that  is  to  say,  in  the  Eiiame  direction  as  the  primary  curr<?nt  in  A  B.  The  state  of 
tension  of  the  wire  A'  B'  during  the  time  that  the  current  is  passing  through  A  B,  is 
that  which  Faraday  caUs  the  datrot&nic  stale ;  its  creation  produces  the  first  induced 
current,  and  its  cessation,  the  aei^^nd. 

This  mode  of  explanation  is  not  howerer  veiy  aatisfactory,  and  it  does  not  show  dearly 
why  the  secondary  currents  are  produced  only  at  the  commencement  and  cessation  oif 
the  primary  current,  and  not  during  its  continuance.  Supposing  a  molecular  polari* 
sataon,  like  that  represented  in  fy,  44  7i  to  be  produced  in  the  two  wires,  a  dischai^ro 
ought  to  occur  in  A'  B'  at  the  same  instant  aa  in  AB,  then  a  second  decomposition  of 
electricities^,  then  a  second  discharge,  and  so  on,  as  long  as  the  current  in  A  B 
continues.  In  shortt  all  the  changes  of  state  in  A  B  ought  to  be  reproduced  in  A'  B^^ 
inversely  and  with  less  intensity.  More  oonoplete  theories  of  electro-dynamic  in- 
duction have  been  given  by  Weber  (Pogg,  Ann.  miii.  193),  and  Neumann,  (Abliandl. 
d.  Beri  Acad.  1846,  1,  and  1847,  1) ;  but  they  are  not  of  a  nature  to  be  ifitjroduccd  into 
this  work.   (See  Wiedemann^  Galvanismus,  &a  it  ^75;  M liller^ Lehrbuch^  ii.  378.) 

Magntto-eltctrio  Machines,  —  The  preceding  principles  have  been  appliix^l  to 
the  construction  of  machines  fbr  the  rapid  and  oontiQiious  development  of  indue  I  ion 
currrnts*  All  these  machines  depend  upon  the  rapid  magnetisation  and  demagnetisa- 
tion of  a  bar  of  soft  iron  round  which  a  eontinnoafl  wire  is  coiled,  the  development 
and  destruction  of  the  magnetism  being  edeeted,  either  by  giving  the  bar  of  iron  a 
eontintioiiB  motion,  which  causes  it  to  pass  at  short  intervals  before  a  magnetic  pole, — 
or  by  fnbjecting  it  to  the  influence  of  aa  electric  current,  the  cirouil  of  which  is  com- 
pleted and  broken  at  very  short  intervals. 

Sazton^s  magneto-electric  machine  (fig.  448)  consists  of  a  strong  horse-shoo  magnet^ 
fixed  horizontally,  and  a  soft  iron  kt^epcr  in  the  form  of  a  hors^&hoe^  each  arm  of 
which  is  encircled  by  a  silk-covered 

wire.     Tho  keeper  is  made  tnre-  Fig.  448. 

volve  on  a  horizon  tal  axis  by  an 
endless  cord  passing  round  a  wheel, 
whereby  the  two  extremilies  of  the 
keeper  are  brought  in  front  of  the 
poles  of  the  magnet  twice  at  each 
turn  of  the  wheel  By  this  motion, 
the  k««per  is  alternately  magnetised 
and  anmagnetised.  When  it  is  in 
the  axi<d  position,  that  ^^  to  say, 
when  its  ends  face  the  poles  of  tho 
magnet,  as  in  tlie  figure,  it  is  mag- 
netised ;  when  it  has  got  a  qi] artier 
round,  or  into  the  equatorial  po- 
sition, it  is  unmagnetised ;  when 
half  round,  it  is  again  a  magnet, 
but  with  its  poles  in  the  reverse 
of  Ibeir  former  direction  ;  wht^n  three-miftrters  round,  it  has  ■gain  loirt  its  magnetism, 
and  so  on.  Now,  a?  the  loss  of  one  kind  of  magnetic  polarity  is  the  same  as  the  gain  ol 
the  opposite  kind,  it  is  cosy  to  sse  tiiat,  at  eacb  complete  torn  of  the  wheels  there  will 
be  two  currents  in  opposite  directions  developed  in  each  of  the  coils  of  wire.  Further, 
on  comparing  each  of  the  induced  currents  in  one  of  tho  wires,  with  that  which  in 
induced  at  the  same  instant  in  the  other  wire,  it  is  clear  that  those  two  currents  must 
move  in  tontraxy  directions,  since  the  magnetic  poles  to  which  they  owe  their  origin 
ars  of  opposite  kinds.  Hence,  to  enable  these  currents  to  unite  their  forces  instead  of 
neutralising  each  other,  it  is  necessary  to  join  together  the  two  ends  of  each  of  the 
wires  from  which  the  ctirrent  appears  to  issne,  and  the  two  by  which  it  npj»eju^  to 
enter  at  the  same  time;  these  four  ends  thus  jotned  two  and  two,  present  but  two 
vxtivmities  or  poles,  wliich  maybe  eotincctod with  the  body  through  which  ilic  induced 
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curretita  are  to  be  sent  Another  modo  of  connection  iji  to  join  the  extremity  of  one 
wire  from  which  thp  current  i5suej9»  with  thiit  extrpinity  of  the  other  at  which  it  enters, 
at  the  same  instant  leaving  the  other  ends  free  tjy  fonn  the  poles.  These  two  arrange* 
menta  differ  in  this  respect^  thnt  Id  the  former  there  are  two  parallel  circuits,  the 
effects  of  which  ore  udded  together,  wheroiLs  in  the  second,  there  ia  only  one  eircnit 
twic«  aa  long  as  the  former.  The  second  circuit  has  evidently  mnch  less  eondueting 
power  than  the  first,  which  conaiste  of  two  wires  only  half  aa  long  aa  the  single  wire 
of  the  second ;  it  m  therefore  the  arrangement  to  be  preferred  when  the  induced  eur- 
rents  are  intended  to  paaa  throiigh  imperfect  conductors,  or  intemiptionfl  in  the  circuit 

To  eetablish  the  connect ionn  between  the  two  extremities  or  poW  of  the  wire,  one 
of  them  is  brought  in  contact  with  a  metal  rod  fixed  on  the  proIoDgation  of  the  axis  in 
the  middle  of  the  keeper,  and  moving  with  it,^ — the  otlier  with  a  vertical  metnl  diw 
fixed  hy  its  ce litre  to  the  same  rod,  which  passea  through  it,  but  ia  well  insulated  from 
it  by  a  gljiaa  tube  enveloping  the  rod.  The  diisc  dipa  constantly  by  its  lowpr  part 
into  a  littlo  trough  of  mercury,  which  alao  receivee  in  «uccesaion  the  two  {xtinU  of 
a  Httle  brass  needle  attached  to  the  end  of  the  rod,  and  in  metallic  comniutii cation 
with  it  Every  time,  therefore,  that  one  of  the  points  of  the  needle  is  brought  by  the 
iXJtation  into  such  a  position  as  to  dip  into  the  mercmy,  a  metallic  communication  is 
established  between  the  extremities  or  poles  of  the  two  coils  of  wire.  If  the  nee«ile 
is  adjusted  so  that  each  of  its  pobts  shall  dip  into  the  mercury  just  as  the  keeper 
arrives  lu  front  of  the  poles  of  the  magnet,  and  emerge  as  it  quits  them,  the  first 
induction  current  is  developed  at  the  moment  of  immersion,  the  second  at  the  moment 
of  emersion.  Both  the  immeriiion  and  the  emersion  are  therefore  accompanied  by  an 
elei:!tric  spsirk,  so  that  a  eonstaint  succession  of  bright  spirks  is  produced  as  long  as  the 
rotation  of  the  wheel  is  continued. 

To  send  the  induced  currents  through  any  required  conductor,  the  needle  is  removed, 
and  the  pointed  end  of  &  sidaII  metallic  rod,  firmly  fixed  to  tlie  frame  of  the  apparatus, 
is  pressed  against  the  extremity  of  the  axis  of  rotation,  which  is  hollowed  onl  f<»r  the 
purpose,  the  other  end  of  the  rod  dipping  into  a  cup  of  mercury.  When  the  mercury 
in  this  cup  and  that  in  the  basin,  into  which  the  disc  above  mentioned  constantly  dips, 
are  connected  by  any  conductor,  the  induced  currents  must  necessarily  pass  through 
that  condador.  To  render  the  connection  perfect,  the  bottom  of  the  canty  at  the  end 
of  the  axis  is  amalgamated* 

Magneto-electric  enrreiita  are  similar  in  most  cf  their  effects  to  roltaio  currents; 
they  heat  thin  wires  to  redness,  decompose  acidulated  water,,  and  give  powerful  shocks. 
To  produce  this  last  effect,  two  wires  attached  to  metal  cylinders  {fy.  4A9)  are  con- 
nected, one  into  tlie  mercnrj'  in  the  Httle  cup,  the  other  with  that  into  which  the  disc 
dips ;  the  cylinders  are  held  in  the  hands,  previously  slightly  moistened  with  salt  water* 

Magneto-electric  currents  tliffer  however  from  voltaic  currents  in  being  discon- 
tinuous^ and  when  produced  by  the  machine  above  described,  in  moving  in  two 
opposite  directions  altemalely.  This  discontinnity  ia  the  cause  of  the  powerful  shocks 
which  they  give ;  a  voltaic  current,  the  circuit  of  which  is  rapidly  completed  and 
broken,  likewise  produces  much  more  powerM  shocks  than  a  continuous  current  from 
the  same  hatteiy.  The  alternate  movement  of  tlie  magneto- electric  currents  in  opposite 
directions  has  a  considerable  effect  on  its  power  of  ehemical  decomposition :  for  tliis 
repeated  change  of  direct  ion  necessarily  causes  a  mixture  of  oxygen  and  hydrogen 
gases  to  be  evolved  from  each  electrode ;  and  if  the  surface  of  the  electrodes  is  rather 
large,  considerable  quantities  of  these  mixed  gases  reeombine  and  form  water,  espe- 
dafly  wheji  the  alternate  currents  succeed  each  other  very  rapidly,  so  that  the  two 
gases  arc  presented  to  each  other  almost  in  the  nascent  state.  Hence  it  may  happen 
that  the  quantity  of  gas  collected  in  the  voltameter  is  very  small,  although  the 
enrrents  may  be  very  powerful^  and  produce  great  heat  in  tnetaMic  wires  interposed  in 
the  circuit.  These  Bltemate  currents  produce  no  deflection  of  a  galvanometer  needle : 
whence  we  may  ermclnde  that  they  are  e^:jual  in  quantity. 

It  is  possible,  however,  to  arrange  the  intemiptions  of  the  circuit  in  such  a  manner 
ns  to  produce  a  series  of  currents  all  in  one  direction.  This  is  effect eil  in  Clarke's 
magneto-electric  machine  (fy,  449).  The  magnet  A  is  vertical,  and  the  connections 
are  made  with  on  t  mercury,  by  means  of  a  small  steel  spring  O^  pressing  against  a 
metal  cylinder  K,  fixed  upon  the  axis  in  place  of  the  Tertii»J  disc  in  Saxton'a  machine, 
and  insulated  by  a  gkss  or  wooden  tube.  Near  the  extremity  of  the  axis  is  fiieii 
another  cy Under  H,  Bervin^  as  a  contact-breaker,  ibr  which  purpose  its  surface  is 
formed  half  of  metal  and  half  of  wood,  so  that  a  second  spring  Q,  which  presses 
constantly  against  it,  is  brought  in  cDntact,^  as  the  axis  revolves,  sometimes  with 
the  metal,  sometimes  with  the  wood,  and  consequently  ia  sometimes  in,  sometimes 
out  of  communication  with  one  of  the  extremities  of  the  coil,  whilst  the  other 
spring,  pressing  constantly  against  tlio  other  cylinder  K,  which  has  a  continuous 
ja^talllo  surface,  is  always  in  contact  with  the  other  end  of  the  oaii    To  obtain  a 
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of  currents  all  in  the  same  direction,  it  is  only  necessary  to  fix  tbe  disc 
in  sucU  u  maimer  that  ih^  spring  may  press  Jigaiti^t  the  motal  part  of  ita  pur- 
*  while  the  keeper  is  passiag  from  one  axial  position  to  the  opposite,  and  tigaiiiat 


Fiff,  449. 
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the  wood  dnring  the  other  half 
of  the  reTolution.  By  this  ar» 
tuDgement,  one  of  the  opposing 
eixrreiits  ia  cnt  oif  at  every 
tam  of  the  wheel,  and  a  rapid 
saccession  of  currents  is  sent 
through  the  wire,  all  in  one  di- 
rection, and  capable  of  producing 
all  the  effect*  of  the  continuou.«* 
current  of  a  Toltaic  batterj*  of 
high  tension,  the  resemhlunco 
between  the  two  being  greater 
as  the  tnomenCaiy  cnrrenta  suc- 
ceed one  another  with  greater 
rapidity.  Wh^in,  howevert  the 
length  and  tenuity  of  the  wire 
exoeed  a  certain  limit,  the  in- 
duced cturenta  are  no  longer 
capable  of  heating  wires  or 
decompoeing  electrolytes,  but 
their  physiological  effects  hi* 
come  more  intense.  These  differ- 
eocea  depend  upon  tUe  relative 
condocting  power  of  different 
parta  of  the  circuit,  and  on  the 
quantity  of  electricity  in  the  ctir- 
rants.  When  the  wire  ia  very 
long  and  ^in,  and  consequently 
offeis  considerable  resistance  to 
the  pAsaage  of  electricity,  the 
currents  are  small  in  quantity 
but  of  high  intensity.  _ 

Jle  Indiu'titm-coiL — The  most  powerful  of  all  mai^eto-electrie  machines  are  those 
in  which  the  soft  iron  is  magnetised  tind  un magnetised,  not  by  moving  m  front  of  a 
permanent  magnet^  but  by  the  action  of  an  electric  current,  the  circuit  of  which  is 
completed  and  broken  in  rapid  succession.  These  instniments,  called  induction- 
coils,  offer  considerable  variety  in  the  details  of  their  construction,  but  they  all 
consist  essentially  of  a  hollow  cylinder  containing  a  bar  of  soft  iron  or  a.  bundle  of  iron 
wires,  and  having  two  helices  of  wire  coiled  round  it,  as  in  ji^.  445,  one  connected  with 
the  poles  of  a  voltaic  battcij,  the  other  senring  for  the  development  of  the  induced 
corrents.     The  alternate  interruption  and  dosing  of  the  battery-circuit   may  be 


Fig.  45a. 


effected  by  means  of  a  metal  spring  con 
nected  with  one  end  of  the  battery-coil, 
and  pressing  against  the  circumference 
of  A  toothed  wheel,  the  axis  of  which  is 
connected  with  the  other  end  of  the  same 
coil,  BO  that,  as  the  wheel  is  turned  ronnd, 
the  end  of  the  spring  is  sometimes  in  con- 
tact with  the  teeth  and  completes  the 
circuit,  sometimes  passes  between  them 
and  interrupts  it ;  but  it  is  generally  bet- 
ter to  adopt  a  self-acting  arrangement,  as 
in  the  apparatus  of  Bonijol  represented 
in  fy.  450.  In  this  machine,  a  fixed 
carved  rod  of  metal,  A  B,  and  an  elastic 
riband,  C  D,  are  interp:>«ed  in  the  circuit 
of  the  inducing  or  battery  current.  The 
riband,  by  its  elasticity,  presses  against 
the  end  B  of  the  metal  rod,  and  the  two 
snrfaces  of  contact  are  covered  with  discs 
of  platinum  to  prevent  oxidation.  The 
elfl^ric  riband  is  pierced  at  E  by  a  rod  which  can  be  raised  or  lowered,  so  as  to  bring 
its  lower  extrenitty,  to  which  is  attached  a  bonacontai  ^tuc  of  iron,  to  a  convenient  dis- 
tanee  from  the  bundle  of  wires  in  the  axia  of  the  cylinder.    On  making  contact  with 
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the  battery,  the  bdH  iron  core  of  the  cylinder  becomcw  magnetiwd»  and  attracts  tlio 
littlu  di»c  of  iron,  whick  palls  the  eU^tic  riband  along  with  it,  and  separates  the  »ur- 
fkcea  B,  D,  thereby  breaking  the  droait.  As  fioon  aa  this  lakes  placij,  the  iron  wires 
]oH&  their  ma^etiam.  tho  iron  disc  is  no  longer  attracted,  and  the  elajjticity  of  the 
riband  C  D  forces  it  up  again,  bringing  the  fiurfi&c€«  B,  D  in  oontjict  and  completing 
the  circuit:  and  thifl  serica  of  actiona  being  repeated  with  great  rapidity,  an  eqaalJy 
ramd  seritus  of  induwd  currents  ia  produced  in  the  other  holiZt  the  enda  of  which  com- 
icmuicate  with  tho  wires  F»  Cf.  Consequently,  any  conductor,  metallic*  dectpolytic,  &c. 
interposed  between  F  and  Gr  receives  these  induction  c«rrenta»  One  of  the  poles  of 
the  battery  is  connected  with  the  end  H  of  the  inducing  coil,  and  the  other  with 
the  end  C  of  the  elastic  riband,  the  rod  A  B  being  connseted  by  a  wire  with  the  other 
end  K  of  the  inducing  coil. 

The  apparatus  is  also  provided  wiih  another  kind  of  current-breaker,  eonsisttng  of  a 
ffpnng,  M,  and  a  toothed  wheel,  N,  which  ia  uued  when  the  self-acting  current-breaker 
aboTo  described  cannot  be  made  available,  as  for  ejtample  when  the  inducing  coil  is 
required  to  act  on  the  other  coil  without  the  aid  of  tho  soft  iron  core* 

The  most  powerful  form  of  induction-coilt  that  of  Buhmkorff  {fy,  451),  acts  bj 
meana  of  a  Belf^acting  current-breaker,  hke  tbat  just  desuribed    The  cylinder  of  this 


machine  is  a  foot  or  cigbteon  inches  long,  and  is  surrounded  by  a  coil  of  thick  wire  to 
convey  the  inducing  current,  and  a  much  longer  coil  of  thin  wire  foT  the  development  of 
the  induced  correnta.  The  wires  are  insulated  with  resin,  and  the  direction  of  the  inducing 
current  can  be  cbangied  at  pleasure  by  a  commutator*  To  increase  its  power,  M,  Fizeau 
has  added  to  it  a  condenser,  consisting  of  two  metaHie  ribands  bent  one  round  the 
other,  and  eeoarated  by  oiled  silk ;  thtse  ribands  communicate  with  the  two  ejttremi- 
ties  of  the  inancing  wire,  and  thus  become  charged  when  tho  circuit  is  broken,  and  • 
diflchai^d  when  it  is  completed ;  this  discharge,  being  in  the  same  direction  as  lh#^^ 
current,  greatly  increases  its  power* 

In  all  these  iaduction  apparatus,  a  bundle  of  wires  is  much  more  eflTeetive  in  deve- 
loptng  the  the  induced  cnrrents  than  a  solid  cylinder  of  iron,  apparently  because,  in 
the  latter,  superficial  currents  are  developed  by  the  action  of  the  inducing  current^ 
which  interfere  with  the  principal  eiFect,     See  De  I  a  Ki  ve  {  TVmtS.,  i.  422). 

The  currents  developed  by  the  induction-coil,  especiaUy  of  Ruhmkorff*s  construc- 
tion, are  of  very  high  intensity,  capable  of  giving  long  sparks,  and  shocks  of  nncndup- 
abla  force.  They  are  uho  capable  of  igniting  gunpowdpr  and  other  inflammablo  | 
substances,  and  the  appiiratiis  has  been  used  for  explrjding  charges  of  gunpowder  foff  | 
mining,  engineering,  and  military  purposes.  For  military  purposes,  however,  ^P*** 
cially  for  operations  in  tho  open  field,  the  use  of  the  voltaic  buttery  is  attended  wi»h 
some  inconvenience  ;  and  Mcssfrs.  WheatstoneandAbel  have  succeeded  in  producing 
the  same  offi*cto  by  means  of  a  magneto-electric  machine,  in  which  the  currents  aw 
developed  by  mechanical  movement,  as  in  Saxton's  and  Clarke's  machines*  The  ap- 
paratus contrived  by  Mr.  W  he  a  t  s  to  n  e  for  this  purpose,  consists  of  »ix  small  magnets,  to 
the  poles  of  which  are  fixed  soft  iron  bars,  mirrounded  by  coib?  of  insulated  wire.  The 
coils  of  all  tho  mugnets  are  united  together,  so  as  to  form,  with  an  external  conducting 
wire  and  the  earth*  a  single  circuit.  An  axis  carries  six  soft  iron  armatures  in  «ue* 
cession  before  each  of  the  coils.  By  this  arrangement,  all  tho  magnets  ehargo  tho 
wire  simnltaneoiisly,  and  produce  the  c^oct  of  a  single  magnet  of  more  tlian  six  timet 
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the  dimensions ;  and  six  currents  are  generated  daring  a  single  revolution  of  the  axis,  so 
that  with  the  aid  of  a  multiplying  motion  applied  to  the  axis,  a  Teiy  rapid  succession 
of  currents  is  produced. 

Gunpowder  alone  may  be  fired  by  the  magneto-electric  discharge,  especially  when 
its  conducting  power  is  increased  by  the  presence  of  a  small  quantity  of  moisture. 
Better  results  are,  however,  obtained  by  the  use  of  fuses  containing  more  inflammable 
substances,  such  as  fiilminating  mercury.  But  the  best  mixture  for  the  purpose  is  that 
invented  by  Mr.  Abel,  consisting  of  a  mixture  of  phosphide  of  copper  (p.  73)  with 
chlorate  of  potassium,  and  a  small  quantity  of  cuprous  sulphide,  to  increase  its  con- 
ducting  power.  For  the  description  of  the  fuses  used,  and  other  details  of  the  appa- 
ratus and  manipulations,  see  Abel  (Chem.  Soc.  J.  xiv.  180). 

MEASXTBEHBirr  OF  THB  FOBCB  OF  ElECTRIO  CuSBBXTrS. 

OknCa  jFV>rmu/0.— The  amount  of  electric  or  chemical  power  developed  in  the  vol- 
taic circuit,  or,  in  other  words,  the  quantity  of  electricity  which  passes  through  a 
transverse  section  of  the  circuit,  in  a  unit  of  time,  evidently  depends  u^n  two  condi- 
tions ;  viz.,  the  power,  or  electromotive  force  of  the  battery,  ana  the  resistance  offered 
to  the  passage  of  the  current  by  the  conductors,  liquid  or  solid,  which  it  has  to  traverse. 
With  a  given  amount  of  resistance,  the  power  of  the  battery  is  proportional  to  the 
quantity  of  electricity  developed  in  a  given  time ;  and  by  a  double  or  treble  resist- 
ance, we  mean  simply  that  which,  wi&  a  given  amount  of  exciting  power  in  the 
battery,  reduces  the  quantity  of  electricity  developed,  or  work  done,  to  one-half  or 
one-third.  Ifi  then,  tie  electromotive  force  of  the  battery  be  denoted  by  iS^  and  the 
resistance  by  i?,  we  have,  for  the  quantity  of  electricity  passing  through  the 
drcoit  in  a  unit  of  time,  the  expression : 

2-1 « 

This  is  called  Ohm's  law,  from  the  name  of  the  distinguished  mathematician  who 
first  announced  it. 

By  means  of  the  formula  (1\  we  may  estimate  the  effect  produced  on  the  strength 
of  the  current  by  increasing  the  number  and  size  of  the  plates  of  the  battery.  The 
resistance  R  consists  of  two  parts ;  viz.  that  which  the  current  experiences  in  passing 
through  the  ceUs  of  the  battery  itself^  and  that  which  is  offered  by  the  external  con- 
ductor which  joins  the  poles ;  this  conductor  may  consist  either  wholly  of  metal,  or 
partly  of  metal  and  pturtly  of  electrolytic  liquids.  Let  the  resistance  within  the 
battery  be  r,  and  the  external  resistance  /;  then,  in  the  one-celled  battery,  we  have 


Now  suppose  the  battery  to  consist  of  n  cells  perfectly  similar ;  then  the  electromotive 
force  becomes  nEl^  the  resistance  within  the  battery  nr ;  if,  then,  the  external  resist- 
ance remains  the  same,  the  strength  of  the  current  wiU  bo  denoted  by 

-         -^  ^  (3) 


''      nr  -^  r  r 

r  +  - 
n 

E 
If  r'  be  small,  this  expression  has  nearly  the  same  value  as . ;  that  is  to  say,  if 

the  circuit  be  closed  by  a  good  conductor,  such  as  a  short  thick  wire,  the  quantity  of 
electricity  developed  by  the  compound  battery  of  n  cells,  is  sensibly  the  same  as  that 
evolved  bv  a  single  cell  of  the  same  dimensions.  But  if  r  is  of  considerable  amount, 
as  when  the  circuit  is  closed  by  a  long  thin  wire,  or  when  an  electrolyte  is  interposed, 
the  strength  of  the  current  increases  considerably  with  the  number  of  plates.  In  fact, 
the  expression  (3)  is  always  greater  than  (2) ;  for:  — 

nE  E  ^  (n  -  1)  Er 

nr  +  r'    ""    r  +  r'  {nr  +  r)  (r  +  r') 

a  quantity  which  is  necessarily  positive  when  n  is  greater  than  unity. 

Suppose,  in  the  next  place,  that  the  size  of  the  plates  is  increased,  while  their  num- 
ber remains  the  same.  Then,  according  to  the  chemical  theory,  an  increase  in  the 
surface  of  metal  acted  upon  must  produce  a  proportionate  increase  in  the  quantity  of 
electricity  developed,  provided  the  conducting  power  of  the  circuit  is  sufficient  to  give 
it  passage.  According  to  the  theory  which  attributes  the  development  of  the  elec- 
tricity to  the  contact  of  dissimilar  metals,  an  increase  in  the  size  of  the  plates  does  not 
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iQCTHise  the  eleetromotiTe  force,  but  it  diminifthes  the  restfltance  wifhin  the  pelle  of 
the  battery  by  offering  a  vider  passage  to  the  electricity.  Hence  in  the  single  cell,  if 
the  ■urfaco  of  the  plates^  and  therefore  tho  traiisTersc  section  of  the  liquid,  be  in- 
creaaed  m  times^  the  expression  for  the  strength  of  the  current  becomes : 


mE 


Iff'  be  amallf  this  expression  is  nearly  the  same  as  ^^ — ^  that   is  to  say,  th^  qn 

tity  of  electririty  in  the  current  increases  Tery  ne&rly  iu  the  same  ratio  as  the 
size  of  the  plates ;  but  when  tbo  external  resistance  is  eonaidiirabk,  the  adyantoge 
gained  by  increasing  the  size  of  the  plates  is  much  less. 

We  may  conclude,  then^  that  when  the  resifitance  in  the  circmt  is  small,  as  in 
electro-magnetic  experiments,  a  small  number  of  large  plntaa  is  the  most  adrantag^us 
form  of  battery ;  but  in  OTercoming  great  resistances,  power  is  gained  by  increasing 
the  number  rather  than  the  size  of  the  plates. 

We  have  seen  that  the  chemical  or  electrolytic  power  of  a  voltaic  current  is  propor- 
tional  to  the  amount  of  chemical  action  which  goes  on  in  the  battery,  and  that  the 
qQantiti&s  of  different  electrolytes  decomposed  by  the  siime  current,  are  to  one  another 
as  the  weights  of  their  comparable  molecules  (p»  4 3S>).  Hence  the  chemical  power 
of  any  cnrrent  may  be  measured  by  the  quantity  of  gas  collected  in  a  given  time  in  a 
voltameter  placed  in  the  circuit. 

But  it  is  by  no  means  evident  that  the  map^ctie,  ealorilie,  and  other  effect*  of  the 
electric  current  are  proportional  to  its  chemieal  power,  and  oven  if  they  wer©»  the  vol- 
tameter would  not  aiford  a  conveuient  measure  of  them,  sin ce^  besides  being  somewhnt 
uncertjiin  in  ita  indications,  in  consequeDce  of  the  absorption  and  partial  recomposition 
of  the  oxygen  and  hydrogen  evolved,  it  requires  a  certain  time  to  elapse  before  a  suffi- 
cient quantity  of  gas  is  collected  for  measurement^  and  cannot  therefore  give  notice  of 
any  momentary  variations  in  the  power  of  the  current.  Hence  to  obtain  exact  measure- 
ments of  the  magnetic  force  of  a  current,  it  is  neci^ssary  to  resort  to  the  magnetic 
action  itself;  instruments  for  this  purpose  are  called  Galvanometers  or  Rheo- 
meters.  The  so-called  galvanometers,  already  described  (p*  443),  are  really  only 
galvanoscopea  or  multipliers;  they  indiatte  with  great  delicacy  l^e  existeDce  and 
direction  of  a  current  but  are  not  adiipted  for  quantitative  measurement* 

The  Tangent  Galvanometer  or  Tamjent  Compass. — In  the  true  galvanometer  (jty, 
462)  the  current,  instead  of  paBsing  through  a  long  coil  of  wire  placed  close  to  the 
needle,  is  made  to  pass  through  a  broad  circular  band  of  brass  or  copper  P  Q,  of  con- 
Biderable  dimeasioDS,  in  tlie  centre  of  which  is  placed  a  miignctic  needle  «,  the  length 
of  which  is  very  small  In  comparison  with  the  diameter  of  the  circular  conductor  (it 
should  not  exceed  A),  so  that  the  distance  of  the  extremity  of  the  needle  fmm  the 
conductor  P  Q,  and  consequently  the  force  exerted  upon  it  by  the  currents,  may  be 
sensibly  the  same  at  all  angles  of  deflection.  The  instrument  is  placed  sio  that  th^ 
plime  of  the  circU  P  Q  coincides  with  tfw  fimgnitic  nitridian. 

To  determine  the  relation  which  exi«ts  under  these  CLrcumf?tances  between  the  de- 
flection  of  tlio  needle  and  the  force  of  the  cun^nt,  let  N  S  {fig.  453)  represent  a 
long  horizontal  wire  stretched  in  the  direction  of  the  magnetic  metidian,  and  suppose  a 
magnetic  needle,  placed  with  its  centre  vertically  under  the  nire,  to  be  deflected  bv  a 
corrent  passing  along  the  wire  in  the  direction  n  St  making  an  angle  ^  with  the  wire. 
The  current  impels  the  pole  ji  in  the  direction  #/,  perpendicidar  to  N  S,  while  thfij 
earth's  magnetism  acts  upon  it  in  the  directioo  sg  parallel  to  N  S.  Let  the  lines  »y 
t  a  he  taken  proportional  to  the  magnitudes  of  these  two  forces;  draw  a  s  6  perpen- 
dicular to  n  ^^  and  fb^  g  a  parallel  to  it.  Then  the  lines  s  a,  s  b  represented  the  com- 
ponents of  the  forces  sf^s^  acting  at  right  ungle*t  to  the  needle,  and  tending  to  move 
It  one  way  or  the  other ;  hence,  to  keep  the  needle  at  rest,  «  a  mu»t  be  equal  to  »  b. 
Now  «a  =  sg  sin  f  and  *b  «*  «/coa  f ;  therefore  the  condition  of  equilibriuni  is: 


s/co8  ^^  sg  m^; 
therefore,  tf  ^  ag —  sg  tan  ^ 


In  like  manner,  for  another  angle  of  deflection  f\  we  should  have  af  b  tg  tan  f*t 
therefore : 

sf  :  ^f  s  tan  f  :  tan  ^' ; 

that  is  t-o  Bar,  the  magnetic  /qtcc  of  the  current  is  proportional  to  tht  tangent  of  thij 
angle  of  drfiection. 
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Fig.  454. 


7M  8^ne-Gaivanomeier  or  ^tte-OtwnpaM, — To  avoid  any  orror  that  may  arise  from  tbe 

l«jdiffeient  relutiTC  posifionA  of  tbe  needle  and  conducting  wire  at  different  incliuAticins, 

>tli«  eofjstniction   of  tljc    gtUranomet^r  i$  sometimes 

modified  in  iucli  a  manner  as  to  kwp  tho  needle  always 

-in  the  plane  of  the  circular  condactor.     For  this  piir* 

\  pose,  the  necnlls  is  placed  in  tbe  middle  of  a  horizon  t4d 

I  divided  circle  (fig,  454),  which  is  its<?lf  placed  Tnthin  a 

j*  Teriical  circle,  the  two  being  movable  toother  wjund  a 

i  vertical  axis,  and  the  amount  of  this  rotation  hoing  mea* 

I  mrod  on  another  horizon  tol  circie  below.   The  cotidnct 

liagwirc^  which  is  of  copper  covered  %viih  silk,  is  wound 

Lftereral  timea  round  the  rerticid  circle.     The   instru* 

ivient  is  first  placed  with  the  vertical  circle  in  the  pkno 

f  of  Ihe  magnetic  meridian,  the  magnetic  needle    and 

the  index  of  the  lower  horizontal  circle  then  standini?  at 

0**.  On  sending  the  curreat  through  the  wire,  the  needle 

is  deflected;  the  vortic^d  circle  is  tTien  to  be  turned 

in  the  same  direction,  till  the  needle  ngain  comes  into 

I  the  plane  of  the  conducting  wire,  and  therefore  to  the 

j  sero  of  the  upper  horizontal  circle.     The  amount  of  its 

I  deflection  ^m  the  ma^etic  meridian  is  then  read  oB 

7  on  the  lowi^  circle.     Since  now  the  needle  is  retained 

in  the  plane  of  the  wire,  it  is  clear  that  the  current 

acts  upon  it  at  right  angles  to  its  axis,  and  therefore 

with  its  full  force :  hence,  in  the  position  of  equilibrium^ 

I  this  force  must  balance  that  of  the  earth's  magnetism,  which  tends  to  bring  the  needle 
I  hack  to  the  magnetic  meridian ;  hut  this  tt^rrestrial  force  Taries  as  the  sine  of  the  angle 
which  the  needle  makes  with  the  magnetic  meridian ;  hence  also  ihe  force  of  the  currmi 
itf  prnportkmai  to  ihe  sine  of  the  angle  of  deficctt&n.  Hence  tho  name  of  the  instrument. 
As  the  sine'Compass  does  not  require  the  diameter  of  the  circle  of  conducting  wire  to 
be  T«ry  great  in  proportion  to  the  length  of  the  needle,  it  is  better  adapt<?d  than  the 
'  tm^nt^compass  for  the  mciisurement  of  weak  currents;  but  it  is  more  complicated, 
uioon  the  whole  not  so  conTenienL  (For  the  description  of  a  sine-compass  constructed 
by  Siemens  and   Halske,  especially  for  telegraphic  measurements,  see  Wiede- 
mann's Lehre  tww  Galmnismu*  und  El^ctra-magnetismut^  iL  [1]  J207.) 
I      Qrmparison  between  the  Magnetic  GtUwmomeier  and  the  VoitameUr, — Bj  introduc- 
ing into  the  ^me  ctrcuit  a  Toftameter  and  a  taneent  or  fine-eoimpaii,  it  is  found  tliat 
the  chemical  action  of  the  cuirent  is  proportiotmu  to  its  magnetic  action.     The  mjig- 
I  nedc  galvanometer  affords  therefore  a  measure  of  the  chemicjU,  Qs  well  as  of  the  mag- 
[  actic  action  of  the  current. 

The  indications  of  diflerent  tangent-  or  sine-compasses  are  not  directly  comparalde 
I  one  with  the  other:  for,  with  a  given  Btn^ngth  of  current,  the  deflection  of  the  nefdle 
varies  with  the  diameter  of  the  ring,  and  with  the  intensity  of  the  terrestrial  magnetic 
[laroe,  so  that  the  same  inntrunvont  would  give  differeut  indicationit  in  ditferent 
rlooilhk^  By  eompArison  with  the  chemical  voltHmctcr,  however,  the  indications  of 
TaU  SO^  initrumente  may  be  reduced  to  a  commoD  standard. 
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A  series  of  experiments  described  by  Miillop  (Lehrhu^k  der  Ph^sik^  iL  170),  in 
which  ft  Toltamcter  and  &  t&Dgent-comp&ss  wei?e  indnded  in  the  drcult  of  a  Bunsen's 
b&tteiy,  gaTf3  the  following  reaultd :  — 


Kumlierorcellaliittifl 

Dc<lectioa{}ri]i»fidI& 

Coble  centiinetrct.                | 

12 

28'fi* 

126 

8 

24-8 

106 

6 

220 

926 

i 

18T5 

n 

3 

1376 

6e 

2 

69 

23-7 

The  deflt»ctioii  of  the  needle  did  not  Tftiy  more  thiui  half  n  degree  dtiriiig  the  thref» 
minutes.  The  numberB  given  in  the  second  column  of  the  table  juv  i\w  mean  dfiriji- 
tiona  between  thoso  obserred  at  the  beginning:  and  end  of  the  time. 

The  quotient  obt-aincd  by  diriding  the  quantity  of  ga«  evolved  in  the  minnte  by 
the  tangent  of  the  deflection^  is  a  constjint,  or  nearly  constant  qutintity,  which  j^res  the 
volTime  of  gas  evolved  in  u  minute  by  li  current  which  would  produce,  with  the  parti- 
cular tangent-eompaafi  used,  a  deflcNitioii  of  45'^  (siuoe  t&n  46°  =  1).  The  numbers  in 
the  preceding  table  give,  for  thif  quotient,  the  following  values  t  — 
No.  of  observation  .12  3  4  5  6 

dnotieiit  .  *  767  76-6  76  2  76*0  76-3  76*6  Hean  76*6 
During  the  expwrimeiita.  the  temperatur©  of  the  room  was  16^  C,  the  baporacter  stood 
at  744  mm,,  and  the  column  of  water  in  the  voltameter  was  nboat  10  cent  bigh»  which 
is  equivalent  to  7  mm.  of  mercury.  Hence  the  ^is  was  under  a  pressure  of  737  mm. 
Reducing  by  these  data  the  mean  volume  of  gas  to  0^  C.  and  760  mm.  prcfisure,  tho 
volume  of  gas  evolved  in  a  mimtte  when  the  deflection  is  ^5^^  is  found  to  he  70  cubic 
centimetres,  A  current  whieh  deflect4»d  the  needle  of  the  same  instrument  through  ^ 
degrees,  would  eliminat'e  in  a  minute  a  voliune  of  detonating  gas  ««  70  tttii  ^  cub.  cent. 
Thus  a  deflection  of  64°  would  correspond  to  a  volume  of  detonating  gas  »  70  x  tan 
64°  «=  70  K  1-376  «  96'32  cub.  eonL  at  C^*  C.  and  760  mm. 

Jacobi  adopts,  as  the  unit  of  current  strength,  the  tmnnnt  whick  eliminaUs  1  cnbio 
cmtimtirt  of  detonating  gas  at  (P  C.  and  760  mm.  in  a  minute.  If  then  a  curr«*nt  which 
eliminates  m  cub.  cent  of  detonating  gaa  per  minute,  deflects  tho  needle  of  a  particular 
tajigent-compasSf  4S^,  the  strength  of  any  other  current  which,  with  the  samt  tnsirv- 
ffim/,  produces  a  deflection  of  ^  degrees,  may  be  expres^d  in  terms  of  the  Ahore  imit^ 
by  the  formula: 

8  =s  m  »  tan  f. 

The  indications  of  the  sine-compass  may  be  compared  with  thoie  of  the  voltameter  in  a 
fiiniliLr  manner. 

Htductiim  of  the  Force  of  ihi  Mectric  Currtnt  to  abtoiuie  MBehamad  Meagurt^ — 
This  important  determination  has  been  made  the  svibiect  of  an  extensive  research  by 
Weber  and  Kohlrausch  {Abhandiungtn  dtr  matL^pht/s,  Classe  d<T  k'6nigL*mch- 
tischen  Geselhhttfi  dcr  Wissenchaftcn.  Leipzig,  1856).  The  following  are  the  units  of 
measurement  adapted :  — 

a.  The  unit  of  electric  fluid  ia  the  quantity  which,  when  concentrated  in  a  point  and 
acting  on  an  equal  quantity  of  the  same  fluids  also  oonceotnit«d  in  a  point,  aJid  at  th'j 
nnit  of  distance,  exert*  a  repulsion  equal  to  the  unit  of  force. 

6.  The  unit  of  electro-chemical  intensity  is  the  force  of  the  current,  which,  in  a  unit 
of  time,  decomposes  a  unit  of  weight  of  water,  or  an  equivalent  quantity  of  any  other 
electrolyte. 

r.  The  unit  of  electro-magnetic  force,  is  the  force  of  a  current  which — ^when  it  tra* 
Tcrses  a  circular  conductor  whose  sectional  area  is  equal  to  the  unit  of  surface,  and  acts 
upon  a  magnet  whose  mo^pietio  moment  is  cquiil  to  unity,  the  miignet  being  placed  at 
a  great  distance,  and  In  such  a  manner  that  its  axis  is  parallel  to  tlie  plane  of  the 
conductor,  and  its  centre  on  a  line  drawn  through  the  centre  of  tho  circular  conductor, 
and  perpendicuhir  to  its  piano — exerts  upon  the  magnet  a  rotatory  force  equal 
to  unity  divided  by  the  cube  of  the  distance  between  the  centre  of  the  needle  and 
the  centre  of  the  conductor. 

Weber  had  shown  by  provious  experinaenta  that  the  unit  of  electro-diemi    '  " 
to  that  of  electro-magnetic  force  as  10^|  to  1.     It  remained,  therefore,  tr 
the  relation  between  tne  electro-magnetic  unit  and  the  electrost^itic  unit  (1 1.  ^,.,.1  ,iin^ 
to  establish  a  numerical  relation  between  statiad  and  dynamical  electricity.    The  mofh* 
of  experimenting  was  as  follows :  — 
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1.  A  Leyden  jar  having  been  strongly  charged,  its  knob  was  touched  with  a  large 
metallic  ball,  which  took  from  it  a  certuin  portion  of  its  charge,  determined  by  pre- 
Tioiis  experiments.  The  charge  of  the  ball  was  then  transferred  to  the  toraion-balance, 
and  the  repolsiye  force  measured.  At  the  same  time,  the  remainder  of  the  charge  of 
the  jar  was  made  to  trayerse  the  wire  of  a  galvanometer,  previously,  however,  having 
been  passed  through  a  long  column  of  water,  in  order  to  give  it  a  sensible  duration, 
and  prevent  it  from  passing  from  one  coil  of  the  wire  to  another  in  the  form  of  a 
sparL  In  this  manner,  a  relation  was  established  between  the  statical  and  dynamical 
enectfi  of  the  charge  of  the  jar. — 2.  The  intensity  and  duration  of  a  voltaic  current 
were  determined,  which  imparted  to  the  galvanometer  needle  the  same  deflection  as 
that  produced  by  the  discharge  of  the  Leyden  jar. 

The  results  of  the  experiments  were  as  follows:  — 

Through  each  section  of  a  conductor  traversed  by  a  current  whose  force  is  equal  to 
the  electro-magnetic  unit,  there  passes,  in  a  second  of  time,  a  quantity  of  positive 
electricity  equal  to  155,370  x  10'  statical  units  (p.  462),  an  equal  quantity  of  negative 
dectricity  travelling  in  the  opposite  direction. 

The  quantity  of  electricity  required  to  decompose  1  milligramme  of  water,  amounts 
to  106}  times  this  quantity,  or  16,573  x  10*  units  of  electricity,  of  each  kind.  To 
decompose  9  milligrammes  of  water,  or  one  equivalent,  requires  of  course  nine  times 
this  amount  of  electricity.  This  quantity  of  positive  electricity  (9  x  16,573  x  10*) 
accumulated  on  a  doud  situated  1000  metres  above  the  surface  of  the  earth,  and  act- 
ing on  an  equal  quantity  of  negative  electricity  on  the  surface  of  the  earth  below  the 
doud,  would  exert  an  attractive  force  equal  to  226,800  kiloerammes,  or  208  tons. 

From  the  same  data  it  is  calculated  that,  if  all  ^e  particles  of  hydrogen  in  I  milli- 
gramme of  water  in  the  form  of  a  column  1  millimetre  long,  were  attached  to  a  thread, 
and  all  the  partidos  of  oxygen  to  another  thread,  then,  to  effect  the  decomposition  of 
the  water  in  a  second,  the  two  threads  would  require  to  be  drawn  in  opposite  direc- 
tiona,  each  with  a  force  of  147,380  kilogrammes,  or  145  tons.  If  the  water  were  de- 
composed with  less  velocity,  the  tension  would  be  proportionally  less. 

Electric  Resistance  of  Conductors, 

The  preceding  principles  enable  us  to  determine  the  manner  in  which  the  resistance 
of  a  metallic  wire  varies  with  its  length.  For  this  purpose,  suppose  a  one-celled 
battery  (Daniell's)  to  be  used,  which  maintains  a  constant  action  auring  the  time  of 
the  experiment.  First,  let  the  current  be  made  to  pass  directly  through  the  tangent- 
compass,  and  afterwards  let  wires  of  uniform  thickness  and  of  the  lengths  of  5,  10, 
40,  70,  and  100  metres,  be  interposed  in  the  circuit,  and  the  resulting  deflections 
observed.  Now,  as  the  force  of  the  battery  is  constant,  the  resistance  is  inversely 
as  the  strength  of  the  current.  But  the  total  resistance  is  made  up  of  that  of  the 
interposed  wires,  together  with  that  of  the  battery  itself,  and  that  of  the  conductor  of 
the  ^vanometer.  These  last  two  resistances  we  may  suppose  to  be  equal  to  that  of 
a  wire  of  the  same  thickness  as  the  above,  and  of  a  certain  unknown  length  x.  Instead, 
therefore,  of  the  lengths  of  wire  5,  10,  40,  &c.,  we  must  substitute  x  +  5,  a?+10,  jt  + 
40,  &c     An  experiment  of  this  kind  *  gave  the  following  results : — 


Length  of  Wire. 

ObMired  DeilecUoD. 

Tangent  of  Deflection. 

JT  metres 

620     0' 

1*880 

X  +     6 

40     20 

0849 

ar  +     10 

28     30 

0-543 

ar  +     40 

9     45 

0172 

*  +     70 

6       0 

0106 

X  +  100 

4     15 

0-074 

Now,  let  us  assume,  as  most  probable,  that  the  resistance  of  a  wire  increases  in 
direct  proportion  to  its  length,  then,  according  to  Ohm's  law,  the  first  two  experiments 
give:— 

ar  :  X  +  5  =  0-849  :  1880 

whence,  x  «  4*11.  And,  by  combining  in  a  similar  manner  the  first  experiment 
with  all  the  others,  wo  obtain  for  x  the  several  values  4*06,  4*03,  4-14,  4-09,  the  mean 
of  the  whole  being  4-08.  Substituting  this  value  forar  in  the  preceding  table,  and 
calculating  the  corresponding  deflections,  on  the  supposition  that  the  strength  of  the 
current  varies  inversely  as  Sio  resistance,  that  is  as  the  length  of  the  conductor,  we 
obtain  the  following  reimlts : — 

•  SlOller.  Lebrbuch  der  Phytlk,  18U,  II.  177. 
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Length  or  Conductor. 

CqlcuLated  Dtflectiou. 

Ob«rt«^J  D*2flPH?i]wn. 

Diirerencf. 

4  "08  metre 

62=^     0' 

62^      0' 

908 

40      18 

40     20 

+     2* 

14 '08 

28     41 

28      30 

-    11 

44'Oa 

9     66 

9     46 

«    U 

7408 

6     67 

6       0              1 

+      3 

10408 

4     14 

4     15 

+       1 

From  tliD  n?8ultd  of  thid  and  fiimilor  experimeDts^  it  is  infsured  lihat  —  the  rcMistcncg 
of  a  conductor  of  uniform  thitiknus  varus  directly  as  its  lettgik, 

Thf  unit  of  resistance  generaUy  ad^fpted  is  that  of  a  wirr  of  pure  silver,  I  mHre  in 
le^igth  and  1  miUimttre  in  diametfr.  Jacobi  proposed  ertppfr;  but  this  metal  is  not 
BO  well  adapted  to  th<?  ptirpose  aa  silrer,  on  account  of  the  difficulty  of  obtaining  it  purp, 
Miitthiesscn  hns  proposcJi  for  tlies&me  pnrpose  an  alloy  of  g:old  and  sUver,  contiiining 
2  pta.  gold  and  1  pt.  silver,  the  eondneting  power  of  which  he  has  shown  to  bo  very 
little  affected  by  slight  impurities  in  the  mctala^  and  not  to  b**  altered  by  annealing  or 
by  mod«;>ratG  variRtions  of  temperature.     (PtdL  Mag.  [4]  xxi.  107*) 

For  Weber^i  absolute  standard  of  electrie  resistance,  see  Pogg.  Ann,  l*innL  337 ; 
Jahresber.  d.  Chem,  1861,  272, 

Th;  Bhemtat  or  Current-regulator, — This  ia  an  inHtrument  for  repilating  and 
measnring  the  relative  force  of  electric  currents,  by  introdndng  into  the  circuit  a 
conducting  "wire,  the  length  of  which  tnaj  be  raried  at  pleasure,  without  mukinj^  any 
alteration  in  the  r#wt  of  the  circnit.  This  method  applied  to  different  curr<?nLsj  gives, 
us  we  shall  see,  the  ratio  of  their  intensities.  The  great  advantage  which  it  (irt^jt^nt^ 
is  that  of  bringing  the  indications  of  a  galvanometer  placed  in  the  circuity  always  to 
the  same  degree,  by  vamng  the  resistance,  and  thus  dispenamg  with  the  u»e  of 
instrtmienta  which  depend  up3n  the  relations  between  the  deflection  of  the  needle  an<l 
the  strength  of  the  cnrrent.  In  fact,  the  mode  of  meaBUrement  now  under  consideration 
depends  merely  upon  the  obvious  principle,  that  two  currents  of  equal  strength  will 
deflect  Ih^  galvunomt^ter  in  the  same  degree, 

Inatmmentfl  for  introducing  a  variable  resistance  into  the  circuit  are  of  various 
construction.  We  shall  hc.v^  descrihe  the  rheostats  of  Professor  Wheatstonc,  of  which 
there  are  two  forms,  one  for  circuits  in  which  the  resistance  is  strong,  the  other  for 
those  in  which  it  is  weak. 

The  rheostat  for  strong  resistances,  {jig,  466)|  consists  of  two  cylinders,  g   A, 
j^^  455^  of  the  same  dimensions,   the  ftrst  of  dry  wood, 

the  8^?cond  of  brass,  placed  with  their  axe** 
paralM  to  each  other.  The  wooden  cyh^nJcr 
g  has  a  fine  screw  cut  on  its  imrface,  and  around 
it,  foDowing  the  thread  of  tlic  screw,  is  coilwi 
a  thin  brass  wire.  One  extremity  of  this  wire 
I  i»  attached  to  a  brass  ring  at  the  nearer  ^nd  (if 
^  the  wooden  cylinder,,  and  the  other  to  the  far- 
ther extremity  of  the  brass  cylinder.  The  ring 
and  the  nearer  end  of  the  brass  cylinder  are  ioti- 
neeted  with  the  wir««  of  the  battery,  throui;hlhe 
mt'dium  of  the  screw  joints  /,  k.  A  movubb 
han^ile  ?«,  serves  to  turn  the  cylinders  alternately 
pound  tlieir  axes.  Cj  turning  h  to  theri^ht,  the 
wiro  is  uncoiled  from  g^  and  coiled  upon  h  ;  and 
the  contrary  when  h  is  turned  to  the  left;,  Tho 
mmiber  of  coils  nf  wire  upon  it  are  indicated 
by  a  scale  placed  between  the  cylinders,  the 
fractions  of  a  turn  being  measured  by  an  index  moving  round  the  ring  in  front  of 
the  wooden  cylinder,  which  i»  graduated  accordingly.  As  the  coils  of  the  wire  are 
insulated  on  the  wooden  cylinder,  but  not  on  the  brass,  it  is  evident  that  the  path  of 
the  current  will  be  longer,  and  therefore  the  resistance  greater,  in  proportion  to  the 
number  of  tums  which  the  wire  makes  round  the  wooden  cylinder. 

The  rheostat  for  circuits  of  comparatively  small  resistance^  is  shown  in  figure  46(5 ; 
a  is  a  cylinder  of  dry  wood,  having  a  screw  rat  on  its  surface,  and  a  thick  copper  wire 
coiled  round  it  in  the  thread  of  the  screw.  Immediately  above  this  cylinder  is  a  tri- 
angidar  bar  of  metal  by  carrying  a  runner  c,  also  of  metAl*  to  which  is  adapted  a  spring 
rf,  constantly  pressing  against  the  cylinder  and  yielding  to  all  its  inequalities.  On« 
end  of  the  coil  is  attached  to  a  bruss  Ting  e,  against  which  there  presses  a  Rpring  com- 
niunleating,  by  means  of  a  binding  screw,  wim  one  pole  of  the  battery,  while  the  other 
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Fig,  456. 
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pole  is  connected  in  a  similar  manner  with  the  triangular  bar.  On  turning  the  handle 
A|  the  cylinder  revolves  upon  its  axis,  and  the  runner  </,  guided  by  the  copper  wire, 
moves  along  the  bar  in  one  direction  or  the  other,  according  to  the  way  in  which  the 
handle  is  turned.  The  runner  is  thus  brought  in  contact  with  different  parts  of  the 
copper  wire,  and  a  variable  resistance  is  introduced  into  the  circuity  according  as  the 
current  has  to  traverse  a  greater  or  smaller  length  of  wire  between  the  ring  e  and  the 
runner  c. 

The  figure  shows  the  manner  of  using  either  of  these  instruments.  £  is  a  very  sen- 
sitive  galvanometer,  having  an,  astatic  needle,  and  provided  with  a  microscope  for 
reading  off  the  divided  circle.  C  is  the  battery.  When  the  object  of  the  experiment 
is  to  measure  the  resistance  of  a  given  conductor,  that  conductor  may  be  introduced  in 
any  part  of  the  circuit. 

The  mode  of  comparing  the  electromotive  forces  of  two  voltaic  batteries  is  as 
follows : — Into  the  circuit  of  one  of  the  batteries,  a  sufficient  resistance  is  introduced 
by  the  insertion  of  the  rheostat  wire — and,  if  necessary,  of  one  or  more  reels  of  wire 
covered  with  silk,  to  reduce  the  deflection  of  the  galvanometer  needle  to  a  convenient 
amount,  say  46^, — and  a  further  resistance,  measured  by  a  certain  length  of  the  rheostat 
wire,  is  then  introduced,  sufficient  to  bring  down  the  deflection,  say  to  40°.  Let  this 
length  be  /,  and  let  the  length  of  wire  required  in  like  manner  to  reduce  the  deflection 
of  3ie  needle  by  the  current  of  the  second  battery,  abo  from  46°  to  40^,  be  T.  Then 
the  ratio  of  the  electromotive  forces  of  the  two  batteries  is  determined  by  the  proportion 

€.e'  ^ixr. 

For,  using  the  notation  explained  at  page  459,  let  the  quantity  of  electricity  which 

-  ;  then  the  quantity  q'  which  produces  the  de- 


produces  the  deflection  45°,  be  q 


flection  40°  is  - 


Now  let  the  ratio  of  the  electromotive  forces  of  the  two  bat- 
teries be  denoted  by  n,  that  is  to  say,  «'  —  ne.  Then  to  enable  the  second  current  to 
produce  the  same  deflection,  45°,  as  the  first,  its  resistance  must  also  be  nr ;  and  when 
the  deflection  is  reduced  to  40°,  by  the  introduction  of  the  length  of  the  wire  T,  the  force 

of  this  second  battery  will  be  expressed  by ^  ;  but  this  must  be  equal  to   -j 

which  can  only  be  the  case  when  r  —  n/;  or-.  —  n«-;  that  is  to  say,  the  electro- 
motive forces  are  as  the  resistances  required  to  reduce  the  deflection  by  the  same  amount 
in  the  two  cases. 

For  example,  three  simple  voltaic  couples,  differing  only  in  the  size  of  the  plates,  and 
each  consisting  of  a  liquid  amalgam  of  zinc,  placed  in  a  porous  cell  within  a  vessel 
filled  with  solution  of  sulphate  of  copper,  in  which  was  also  immersed  a  hoUow  cylinder 
of  copper,  were  successively  placea  in  a  circuit  including  a  rheostat.  All  three  re- 
quired the  same  length  of  wire,  viz.  30  turns  of  the  rheostat^  to  reduce  their  electro- 
magnetic force  from  45°  to  40°.  Nevertheless,  one  was  5  centimetres  high  and  3*8 
cent,  in  diameter ;  the  second  8*4  cent,  high,  and  3'8  cent  in  diameter ;  and  the  third 
15  cent,  high,  and  8*4  cent,  in  diameter.  Hence  the  electromotive  force  is  independent 
of  the  extent  of  turf  ace  in  the  couple. 

In  the  compound  battery,  the  same  mode  of  experimenting  shovs  that  the  electro* 
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motive  force  increases  proporthnaHy  to  the  numher  of  piaieg.  Thus,  in  &  cirenit 
formed  FucceaaiwJy  of  1,  2,  3,  4,  5  couples,  similar  to  the  umallest  of  Uios<>  abore 
mentioned,  it  wa«  found  that,  to  bring  the  deflection  firam  46^  down  to  iO°,  tbe 
ntmibfir  of  tornfl  of  the  rheostat  wire  required,  werc^ 

For    1         2         3         4         S    couples 
30       61       91     120     160    tnrafl. 

Hence*  excepting  tbo  «ia««  of  2  and  3  couplet,  which  exhibit  alight  Tariationfl,  the 
proportion ftUty  tj«tweeiQ  the  electromotive  force  and  the  number  of  pairs  is  complet^jlj 
vcniied. 

The  rbeostiit  is  likewise  easily  applied  to  the  mesaurement  of  the  resistanctt  offered  hy 
different  eomlncton*  to  the  pui^sage  of  the  current.  Suppose  that  when  the  wirci  of  tho 
rheostat  {Jig.  460)  is  completely  uncoiled  from  the  wooden  eylinder  (the  index  then  wland- 
iogatO),  the  gftlvanometer  allows  a  deflection  of  46'^.  Then  let  a  copper  wire  fouryarfls 
long  and  ^tb  of  an  ineh  thick,  be  introduced  into  uny  port  of  the  naine  circuit  The 
gaWanomet^r-noedle  will  then  exhibit  a  smaller  defection,  say  37^.  On  removing  the 
wire,  the  gdTanomet^r  will  again  exhibit  its  former  deflection  of  40^.  Now  let  tlie 
rheostat  wire  be  coiled  rounvl  the  wofiden  cylinder  til]  the  needle  returns  to  37°i  and 
suppose  that  to  produce  thiti  effect  twenty  turns  of  the  rheostat-wire  are  necessary. 
This  length  of  the  rheoatat  wire  pn>duce«  a  resi stance  equal  to  that  of  the  wire  under 
examination.  Next  let  a  similar  experimeot  l>e  made  with  a  wire  of  the  same  lengtti 
but  of  twice  the  thickness,  and  consequently  nnrinjsr  a  transTerse  section  four  times  as 
great  aa  that  of  the  former.  It  will  be  found  that  fire  turns  of  the  rheostat  wire»  or 
oue-iborth  of  the  former  length,  are  BuflScieiit  to  produce  a  resistance  equal  to  that  of 
the  second  wire.  By  experiments  thus  condut!ted,  it  is  found  tliat :  l%e  rfgistance  of  a 
wire  or  tint/  other  eottduvior  of  {^i fen  letufth  vnrUs  in versdy  as  it*  traruimrse  Mcciion. 
Antl  comparing  this  result  with  that  which  was  established  at  page  464,  we  find  that: 
Conchtctors  of  the  same  maierlnl  offtr  equal  resistances^  whtn  thdr  lengths  are  to  <ms 
anothtr  in  thr  mmr  proper  lion  as  their  transverse  sections. 

The  same  law  holds  goncl  for  liquid  conductjsrs ;  hence  the  n^sistonce  offered  hy  a 
liquid  to  the  pjiitsago  of  the  current  may  lie  dimiDishcd  by  bringing  the  sobd  conductors 
or  electrodes,  which  convey  the  current  into  th«*  liquid,  inore  closely  together,  or  by 
increasing  their  surface,  and  consequently  the  tniDSverse  section  of  the  column  of  liquid. 

The  re»i,«itance  of  metals  to  the  electric  current  increases  as  they  become  hotter  l  that 
of  m*4alloidH,  acids,  suibne  solutions,  and  compound  bodies  in  gener&l^  both  in  the  sohd 
and  in  the  liquid  at+tte,  diminishes  with  rise  of  temperature. 

The  following  table  exhibits  the  comporatiTe  reciatancea,  at  ordinary  temperatures^ 
nnd  for  the  same  length  and  transTerse  section,  of  a  few  of  the  bodies  commoLly 
UM'd  in  electrical  experiraentSv  These  resistances  are  the  rociorocala  of  the  con- 
ducting powers. 

Silver  (chemically  pure,  very  soft  wir«) 10 00 

Copper                .,                   „ 1065 

Copper,  commercial  (soft  wire)      .......  1*270 

Brass  (wire) .         » ,        .        ,  6*372 

Iron  (soft,  slightly  elastic  wire) •  6*767 

Platinum  wire       .        ,        ,        ,        * 9'690 

German  silver  wire ,        .        *        ,  12'400 

Mercury .        *  29238 

Sulphoric  acid  (specific  gravity  1'2  to  1*30)   .....  761 J32000 

Solution  of  stilphate  of  zinc,  containing  38-58  p.  o,  of  the  crystal- 
lise^ salt  ..........        ii.oie.ooo-ooo 

Solution  of  sulphate  of  copper,  contaixung  20*83  p.  a  of  the  crys- 
tallised salt       14,809,000  000 

The  resistance  of  distilled  water  is  ot  least  700  times  as  great  as  that  of  dilute  iml- 
phurie  acid. 

The  re^sisfance  of  wirea  increases  as  thej  are  harder  and  more  brittle.  (Handw.  d. 
Chem.  ii.  [3]  720,) 

The  conducting  pouftrs  of  bodies  for  electricity,  are»  of  course,  inversely  as  their  re- 
sislancca.  Matthiesscn  (Pogg.  Ann.  c.  I78j  PMl.  Mag.  [4]  xiii.  81 ;  Pogg.  Ann. 
ciii.  428),  has  detennined  the  c<,inductiDg  powers  of  metals,  alloys,  and  a  few  other 
bodies,  by  means  of  an  apparatus  devised  by  KiTcIihofT,  and  founded  on  the  following 
principle,  established  by  Sviieatstone :  If /our  unrfs  are  Joined  tvgrth^  in  a  quad' 
rangh\  the;  ends  of  one  diagonal  being  connected  with  a  ikdiaic  hatttrg^  and  those  oftht 
other  diagonal  with  a  galvanometer^  then  the  galvanometer  will  shtHP  no  defiectitm^  p«»- 
vidtdthe  resistances  tf  the  four  wires  are  proportional  to  one  another.    If  then  *  be 
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thd  resistance  of  the  wire  to  be  determined,  r  that  of  a  normal  silyer  wire,  a  and  b 
those  of  two  lengths  of  one  and  the  same  copper  wire,  the  unknown  resistance  x  will, 

under  the  circumstances  just  mentioned,  be  determined  by  the  equation  «»r  •^. 

The  results  obtained  by  this  method  are  given  in  the  following  table : — 


Conducting  Powers  ofMetaU^  &c 


SilTer 
Copper*  . 
Gold        . 
Sodium    • 

AlpTnininm 

2jino 

Magnesium 

Calcium  . 

Cadmium 

Potassium 

lithium  . 

Iron 

Palladium 

Tin. 

Platinum. 

Lead 

Nickel-silTer 

Strontium 


100  at 
77-43  „ 
6619  „ 
37-43  ., 
33-76  „ 
27-39  „ 
26-47  „ 
22-14  ., 
2210  „ 
20-86  „ 
1900  „ 
14-44  „ 
12-64  „ 
11-46  „ 
10-63  „ 
7-77  „ 
7-67  „ 
6-71   ., 


o°a 

18-8 
22-7 
21-8 
19-6 
17-6 
17-2 
16-8 
18-8 
20-4 
20-0 
20-4 
17-2 
21-0 
20-7 
17-3 
18-7 
20-0 


Antimony  .    4-29 

Mercury    •        .1-63 

Bismuth    .        .    119 

Alloy  of  bismuth) 
32  pts.,    anti.[  0-884 
mony  1  pt.      . ) 

Alloy  of  12  bis-    ..g  g 
muth  +  1  tinp"^ 

Alloy  of  1   sine! 
+  2  antimony  ( 

Graphite  (greatest)  0-0693 

Graphite  (least).    000396 

Gas-coke    . 

Bunsen's       bat- 
tery-coke 

Tellurium . 

Red  Phosphorus 


\  0-413 


00386 

I  0-00246 

0-000777 
0-00000123,,  240 


at  18-70C. 
..  22-8 
u  13  8 

»»  240 

„  220 

„  260 

„  22-0 
M  22-0 
»  26-0 

»  26-2 

.,19-6 


More  extended  tables  of  the  conducting  powers  of  metals  and  alloys  are  giTen  in 
Wiedemann's  2>Are  wym  Galvanismus  und  EUctro?naffnetismu8,  i.  180.  See  also 
the  article  Mbtals,  in  this  Dictionaiy. 

Matthiessen  has  also  shown  (Proc.  Boy.  Soc.  i.  616)  that  all  pure  metals  in  the 
solid  state  vary  in  conducting  power  to  the  same  extent  between  0*^  and  100^  C. ;  but 
that  the  conducting  power  of  a  metal  does  not  vary  in  the  exact  iuTorse  ratio  of  the 
temperature,  as  stated  by  Becquerel  and  others ;  the  resistance,  A,  of  a  metal  at  the 
temperature  t  degrees  being,  in  fiict,  expressed  by  the  equation  : 

X  -  JT  +  y/  +  7^ ; 
where  x  is  the  resistance  at  0^  and  y  and  y  are  constants. 

HSATINO  EfFBCTS  OF  THB  ElXCTBIC    CuABSNT. 

The  continuous,  as  well  as  the  sudden  discharge  of  electrici^,  raises  the  temperature 
of  the  conductors  through  which  it  passes ;  the  plates  and  liquids  of  the  battery,  as 
well  as  the  connecting  wires  which  close  the  circuit,  and  the  electrolytes  which  are 
decomposed  by  the  current,  all  become  heate<l  in  various  degrees,  according  to  their 
specific  heats  and  the  resistance  which  they  offer  to  the  passage  of  the  current. 

The  laws  of  the  development  of  heat  by  the  electric  current  have  been  examined 
chiefly  by  Lens  and  Joule,  who  have  arrived  at  nearly  the 
same  results.    Lenz  made  use  of  the  apparatus  represented  •^-  ^^' * 

in  Jiff.  467.  A  glass  stopper  b  fixed  in  a  board,  is  fitted  by 
grinding  into  the  mouth  of  a  bottle,  and  made  air  and  water- 
tight by  means  of  a  little  grease.  A  brass  clamp,  not  shown 
in  the  figure,  serves  to  press  the  horizontal  lip  of  the  bottle 
tight  against  the  board,  so  that  it  cannot  be  disturbed,  even 
by  violent  agitation  of  the  apparatus.  At  the  top  of  the 
bottle,  there  is  an  aperture  for  pouring  in  liquid  and  fixing 
a  thermometer  by  means  of  a  cork.  The  stopper  b  is  pierced 
with  two  holes,  through  which  are  inserted  thick  platinum 
wires  connected  by  copper  wires  with  the  binding  screws /«, 
and  thence  with  the  poles  of  a  voltaic  battery.  The  ends 
of  these  wires  within  the  bottle  are  connected  by  a  thin 
platinum  wire  wound  into  a  spiral  The  vessel  is  nearly 
filled  with  a  measured  quantity  of  alcohol  of  86  or  86  per 
eent ;  water  would  conduct  too  well,  and  suffer  decomposition 
to  a  slight  extent,  yielding  small  quantities  of  gais.  A  tangent-compass  and  a  riieostat  are 
introduced  into  the  circmt,  in  order  to  measure  and  regmate  the  strength  of  the  current. 

The  following  table  gives  the  results  of  sixteen  experiments  made  with  three  wires 
of  Gennao  cilver  of  different  thicknesses,  and  with  wires  of  platinum,  iron,  and  copper. 

•  Ste  Che  article  Coms,  p.  »  of  thU  volume, 
a  h2 
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The  resistiuice  of  the  spiral  wire  was  determined  by  remorin^  the  apparatus  from  the 
circuit,  and  ascertaining  the  number  of  turns  of  the  rheostat- wire  required  to  be  brought 
into  the  circuit  to  bring  the  current  to  the  same  strength.  These  resistances  and  the 
strength  of  the  current,  in  the  second  column,  are  expressed  in  Jacobi's  unit4i  already 
mentioned  (pp.  462,  464) :  — 


No.  of 
experi. 
mcnt. 

Nature  of  the  wire. 

Strength  of 
current. 

Time  required  to 
beet  the  spirit  1«R. 

Re»i«tJince  of 
the  wire. 

1 

Nickel  silver,  a 

6-93 

1-349 

93-60 

2 

1*        fi 

10-53 

0-671 

93  63 

3 

i»        »» 

14-30 

0-300 

68-76 

4 

Nickel-silver,  b 

10-53 

0-920 

68  64 

6 

. »»        »» 

14-30 

0-481 

69-01 

6 

If        »» 

18-32 

0-288 

60-16 

7 

»»        »f 

14-30 

0-467 

44-69 

8 

Nickel-silver,  c 

18-32 

0-384 

60-46 

9 

Platinum . 

22-69 

0-566 

61-41 

10 

»i         • 

18-32 

0-326 

24-92 

11 

Iron 

22-69 

0-436 

13-90 

12 

Copper     . 

18-32 

1-301 

13-90 

13 

• 

II         •        « 

22-69 

0-836 

13-90 

14 

II         •        • 

27-62 

0-676 

13-92 

16 

II         • 

32-98 

0-381 

1401 

16 

II         •         • 

27-52 

0-544 

14-31 

The  quantity  of  spirit  in  the  bottle  was  90  grammes. 

Comparing  now  with  one  another  the  experiments  in  which  the  strength  of  the  cur* 
rent  was  the  same,  it  appears  that  the  product  of  the  time  t  and  the  resistance  /  is  u 
constant  quantity.     Thus : 

For  the  current  10-53. 


2.  Nickel-silver,  a 
4.        „         „       h 


1 1  «  63-46 
i  I  »  €406 


For  the  current  14-30. 


3.  Nickel-silver,  a //.  28-18 

6.  „        „       6 //  «  28-11 

7.  „        ,1       c /  /  «  27-49 

9.  Platinum tl  ^  2800 

For  the  current  18-32. 

6.  Nickel-silver,  h tl  ^  1699 

8.  „        „       0 tl^  17-12 

10.  Platinum </«16-71 

12.  Copper il  tm  1808 

For  the  current  22-69. 

11.  Iron tl  ^  10-84 

13.  Copper tl  ^  11-60 

These  numbers  show  that,  with  a  given  strength  of  current,  the  time  of  heating  is 
inversely  proportional  to  the  resistance,  or  the  heat  evolved  in  a  given  time  is  directly 
proportional  to  the  resistance,  and  otherwise  independent  of  the  nature  of  the  metaL 

Siecondly,  by  comparing  together  the  experiments  made  with  the  same  wire  and 
currents  of  different  strei^hs  («),  it  will  be  found  that  the  product  «*^  is  nearly  con- 
stant, thus: 


For  the  nickel-silver  wire  a. 

1  .        .        .        .    s*^  «    64-8 

2  •        .        .        .    9H  ^    63-3 
8      •        .        .        .    s*^  -    61-3 

For  the  nickel-silver  wire  6. 

4  •  .  .  .  8H  ^  102-0 

6  .  .  .  .  s*/  -  98-4 

6  .  .  .  .  #«<  -  96-7 

7  •  •  •  .  t^t  ^  93-6 


For  the  platinum  wire. 

9    .        .        .        .    #«<  «  113-6 
10    .        .        .        .    s»<  -  100-1 

For  the  copper  wire. 

12  .        .        .        .    «*<  »  436-6 

13  .        .        .        .    s*^  -  429-9 

14  .  .  .  .  9H  ^  436-6 
16  .  •  .  .  «*«  -  414-2 
16  .    .    .    .  «*/  -  412-0 
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It  appears  then  from  these  experiments,  that  ike  evolution  of  heat  is  proportional : 
1.  7b  M«  resistance  ;  2.  To  the  square  of  the  strength  of  the  current. 

These  laws  are  the  same  as  those  demonstrated  bj  Kiess  for  the  heating  of  wires  by 
the  sudden  discharge  of  electricity  (p.  396). 

Further,  as  ^  is  the  time  in  which,  with  the  current  s  and  the  resistance  /,  a  given 
mass  of  alcohol  is  heated  1^  lUaumur,  s^tl  will  be  the  time  required  for  heating  the 
same  mass  of  alcohol  1^  R.  by  the  unit  of  current  force  acting  against  the  unit  of  re- 
sistance. Since,  therefore,  in  all  the  preceding  experiments,  the  quantity  of  alcohol  was 
nearly  the  same,  the  product  t^tl  ought  to  be  nearly  constant  for  all  the  numbers  in 
the  preceding  table,  as  in  fact  it  is,  the  greatest  and  least  values,  being  5609  and  6069, 
and  the  mean  6866. 

Now,  the  quantity  of  alcohol  heated  in  the  preceding  experiments,  together  with 
that  which  would  be  equivalent  (as  regards  specific  heat^  to  the  mass  of  glass  heated 
at  the  same  time,  was  118  grammes.  Hence  the  unit  of  current  force  passing  through 
a  wire,  whose  resistance  is  /,  evolves  heat  sufficient  to  raise  the  temperature  of  118 
grammes  of  the  alcohol  used,  1^  R.  in  6866  minutes. 

The  specific  heat  of  the  alcohol  (86  to  86  per  cent.)  is  0*7,  so  that  118  grammes 
of  this  alcohol  require,  to  heat  it  through  a  given  range  of  temperature,  as  much 
heat  as  118  k  07  =  82*6  grammes  water.  Consequently,  the  time  required  to  heat 
1  gramme  of  water  1^  B.  by  the  unit  of  current  force  acting  with  the  unit  of  resis- 
tance is: 

6866       ^^„     .     , 
^^  «.  70-9  minutes; 

and  for  1^  Centigrade  the  time  is : 

70-9  X  0-8  =-  66*72  minutes ; 

that  is  to  say:  When  a  current  of  the  unit  of  strength  passes  through  a  wire  whose  re- 
sistance is  equal  to  that  of  a  copper  wire  1  metre  long  and  1  millimetre  in  diameter,  it 
developes  a  quantity  of  heat  si^ftcient  to  raise  the  temperature  of  1  gramme  of  water, 
1°  C.  in  66f  minutes;  and  assuming  as  the  unit  of  heat  the  quantity  required  to  raise 
the  temperature  of  1  gramme  of  water  1°  C,  the  result  of  the  preceding  experiments 
may  be  thus  expressed : 

A  current  of  the  unit  of  strength,  passing  through  a  conductor  which  exerts  the  unit 
of  resistance,  developes  therein  1*067  heat-units  in  an  hour,  and  0*0176  heat-units  in  a 
minute. 

As  the  temperature  of  a  metallic  conductor  rises  under  the  influence  of  the  electric 
current,  its  resistance  to  the  passage  of  the  current  increases  (p.  466).  Now  this 
increase  of  resistance  acts  in  two  ways :  first,  by  diminishing  the  strength  of  the  current ; 
secondly,  by  increasing  the  heating  eflTect  of  the  electricity  which  actually  passes,  so 
that  ultimately  these  effects  balance  one  another.  From  the  experiments  of  Robinson 
{^Trans.  of  the  Royal  Irish  Academy,  xxii.  [1]  8),  it  appears  that  the  resistance  gradually 
mcreases  up  to  the  melting-point  of  the  wire,  the  increase  being  very  nearly  propor- 
tional to  the  temperature. 

The  effect  of  temperature  on  conducting  power  is  strikingly  shown  by  heating  a 
long  platinum  wire  to  low  redness  by  the  current,  and  then  plunging  the  middle  part 
of  it  into  cold  water ;  the  extremities  immediately  become  brightly  incandescent.  On 
the  contrary,  if  one  part  of  the  wire  be  raised  to  a  very  high  temperature  by  means 
of  a  spirit-iamp  or  blowpipe  flame,  the  glow  of  the  other  part  immediately  diminishes 
in  brightness. 

The  heating  of  wires  by  the  current  is  remarkably  affected  also  by  the  cooling  action 
of  the  surrounding  gaseous  medium.  A  platinum  wire  is  heated  to  redness  much  more 
easily  in  a  vacuum  than  in  air,  and 

more  easily  in  some  gases  than  in  Fig,A5%. 

others,  hydrogen  exerting  the  great- 
est cooling  effect,  and  nitrogen  the 
least.  Bat  further,  this  abstraction 
of  heat  from  the  wire  by  a  gas,  not 
only  lowers  its  actual  temperature, 
but  at  the  same  time  diminishes  the  i 
resistance  which  it  offers  to  the  pas- ' 
sage  of  the  current,  and  therefore 
also  the  quantity  of  heat  actually 
developed  in  it  This  is  strikingly 
shown  by  the  following  experiments  of  Grove. 

Two  glass  tubes  Qg,  468)  closed  at  both  ends  with  corks,  and  having  spirals  of 
r'lfinnin  wire  within  them  attached  to  thick  coppcs  wiree  paaaing  throuf^  the  oorks^ 
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are  filled,  one  with  hydrogen,  the  other  with  oxjg^ni  and  immemed  in  glAA«  troughs 
coDiaiDing  equal  quantities  of  wat^r^  themiomelers  A,  B,  being  immentod  in  the  w«tef 
to  incaflure  the  t^mperarTire.  On  sending  the  currient  of  an  eight-pair  Grove's  battez7 
through  the  wires;  that  in  the  *^xygfln-tub«  ia  h«ated  to  whiten efis,  while  the  one  in 
the  hjdrogen-tub©  scarcely  exhibits  a  risible  glow.  MorooTer,  the  temperature  of  the 
water  in  the  two  Teasels  rises  very  unequally;  that  which  contains  the  oxygen-tube 
riaing  from  1&q°  to  27  "2°  C.  while  tJiat  ifhich  contains  the  hydrogcn*tabe  nsee  only 
from  15 "fi**  to  21°,  The  following  table  ahnwa  the  rise  of  teznperatoie  produced  in 
the  water  when  tlie  platinum- wire  is  snrronndod  with  diffeTf»nt  gases,  aasociated  in 
each  eme  with  a  aimJlar  pLitlntmi  wire  surrounded  with  hydrogen :  ^^ 

Hydrogen          •,.,*»..  6'6<* 

Solphydric  acid 6'0 

Etlivlene 93         • 

Carbonic  anhydrido   . I  TO 

Carbonic  oxide  .        .        * 1  TO 

Oxygea U-7 

Nitrogen    ..*««..••  12'0 

That  the  difft'rencea  are  really  due  to  the  increased  eonducting  power  of  the  wire 
r^Hulting  from  the  cooling,  is  shown  by  placing  a  Toltiimeter  in  the  same  circuit  wirh  a 
pktinum  wire  immersed  BUCcessiTcly  ia  each  gas.  The  following  table  gives  the  rchulta 
obtained  by  Grove :  -^ 

Cat  ntr rounding  Quamiitp  tif  detomatHtg 

M^  wir€\  gas  eifotved  per  mmuU* 

Hydrogen   ♦ *        ,     138*6 

Ethvlene     ,         , 126*0 

Oarhonic  anhydride ,118*8 

Carbonic  oxide   .        «        ,        ,        •  .        .     118-8 

Oxygen 1170 

Nitrogen ll^a 

The  order  of  the  gaaes  in  this  table  is  the  same  as  in  the  preceding. 

The  deTclopment  of  heat  in  liquids  by  the  electric  current  is  regulated  by  the  Bame" 
laws  as  in  metals,  the  quantity  of  heat  evolved  in  a  given  time  bmng  pro[*orfional  la 
the Tt^istance  of  the  liquid^  and  to  the  square  of  the  itrength  of  the  cunvut  (E.  Bec- 
qu«rel  Ani*.  Ch,  Phys.  [3]  ijl  21).  MoneoTer,  Joule  has  sbown  (Phil.  Mag.  [3]  lijL 
210)  that  the  evolution  of  heat  in  each  couple  of  the  Toltiue  battery  is  subject  to  the 
same  law,  which  therefore  holds  good  in  orerj  part  of  the  circuit,  and  thet^efbre  also 
for  the  entire  circuit,  including  the  battery. 

With  a  CMrrcnt  of  given  strength^  the  sum  of  the  quantities  of  heat  evolved  in  the 
battery,  and  in  the  metallic  conductor  joining  its  poles,  is  conatjint,,  the  heat  actually 
developed  in  the  one  part  or  the  other,  varying  according  to  the  thickness  of  the  me- 
tallic conductor.  This  was  irst  shown  by  De  la  Rive,  and  has  been  confirmed  by 
Favre  (Ann.  Ch.  Phys.  [3]  xl.  393)*  De  la  Rive  made  use  of  a  couple  conmsling  of 
platinum  anddietilJed  zinc,  or  cadmium,  excited  by  pure  and  very  etrotig  nitric  acid,  the 
two  metals  being  united  by  a  platinum  wire,  more  orle«a  thick,  which  was  plunged  into 
the  same  quantity  of  strong  nitric  acid  contained  in  a  c&peule  aimilar  to  that  which 
held  the  voltaic  couple.  By  observing  the  temperatures  in  the  two  vessels  by  delicate 
thermometers,  the  sum  of  these  temperatures  was  found  to  1^  constant,  the  one  or  thfl 
other  being  greater,  according  to  the  thickness  of  the  connpcting  wire. 

Favre,  by  means  of  a  c;tIorimeter,  similar  to  that  which  hensed  in  his  experiments  on 
the  deTelopmeut  of  heat  by  chemical  action  (sec  Hkat),  has  shown  that,  in  a  couple  con- 
sisting  of  zinc  and  platinum,  excited  by  dilute  sulphuric  acid  and  connected  by  platinum 
wires  of  various  If  ngth  and  thickness^  forevery33  grammes  of  stinc  disisolved*  a  quantity 
of  heat  is  developed  in  the  entire  circuit,  equal  to  18,137  heat-units  (the  unit  o{  hi'st 
being  the  quantity  required  to  raise  1  gramme  of  water  from  0°  to  1°C.),  bnt  Tariou.<»ly 
dist4'ibut*d  between  tho  battery-eclj  and  the  win\  according  to  the  thickness  of  the 
latter*  Now  Ibis  quantity  of  lieat  U  nearly  the  same  as  that  which  is  evolved  in  thi 
simple  Bolution  of  33  gramntcs  of  zinc  iu  dilute  sulphuric  acid,  withont  the  formation 
of  a  voltaic  circuity  viz.  18,444  units.  Hence  Favre  concludes  that  the  heat  developed 
by  the  resistance  of  a  metallic  or  other  conductor  connecting  tlie  poles  of  the  battery 
ia  aimply  borrowed  from  the  total  quantity  of  heat  evolved  by  the  chemical  action 
taking  place  in  the  battery,  and  is  rigorously  complementary  to  that  which  remains  in 
the  cells  of  the  battery,  the  heat  evtslved  in  the  entire  circuit  being  the  e^act  equiva- 
lent of  the  chemical  action  which  takes  place.  If  any  external  work  is  porfomied  by 
the  eutrenti  such  as  electrolysis  or  mechanical  work,  as  by  an  electromagnetic  enginci 
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the  hettt  OToIyed  in  the  eircait  is  diminifihed  by  the  heat-eqtdTalent  of  the  decomposi- 
tion or  mechanical  work  done.    (Fayre,  Compt  rend.  zly.  56.) 

Light  fboducsd  bt  thb  Elbctbic  Cxtbbbkt. 

The  dosing  and  intermption  of  the  Toltaic  drcoit  are  attended  with  the  production 
of  sparks.  With  a  single  pair  of  plates,  howerer,  the  spark,  unless  assisted  by  the 
formation  of  induced  currents  (p.  452),  or  by  the  combustion  of  the  metallic  surfaces 
between  which  it  passes,  is  scarcely  peKeptible.  Thus,  when  two  short  wires  attached  to 
the  plates  of  a  single  Toltaic  couple  are  brought  together,  only  ayeiy  faint  spark  is  pro- 
duced, either  on  making  or  on  breaking  contact ;  but  if  the  same  plates  are  connected 
by  a  long  copper  wire  formed  into  spiral,  the  spark  is  much  brighter,  especially  od 
breaking  contact,  because  the  induced  current  then  coincides  in  direction  with  the 
primary  current  A  still  higher  exaltation  of  the  e^ect  is  produced  on  placing  a  bar 
of  iron  within  the  coiL  When  a  cup  containing  mercury  is  fixed  on  one  of  the  plates, 
and  a  wire  attached  to  the  other  is  brought  down  to  the  surface,  a  bright  spark  is  pro- 
duced, the  light  being  probably  intensified  by  the  combustion  of  the  mercury. 

A  compound  battery  of  four  or  more  couples  giyes  a  spark  between  the  connecting 
wires  witnout  any  of  the  means  of  assistance  just  mentioned ;  but>  unless  the  number 
of  plates  is  yery  large  indeed,  the  spark  does  not  strike  through  a  perceptible  distance 
like  that  of  the  electricad  machine  or  the  induction  coil.  Jacobi  found  that  the  poles 
of  a  12-pair  Groye's  battery  did  not  giye  a  spark,  eyen  at  the  distance  of  0*00005  of  an 
inch.  Gassiot's  water-batteiy  of  3520  pairs  well  insulated  (p.  422),  gaye  sparks  when 
the  distance  between  its  polar  wires  was  reduced  to  0*02  inch,  t^e  spani  discharge 
going  on  without  interruption  for  fiye  weeks.  In  all  ordinary  cases,  the  li^ht  of  the  spark 
produced  by  the  batteiy  appears  to  arise  in  great  part  from  ignition,  fusion,  or  combus- 
tion of  the  metallic  surfaces. 

The  most  brilliant  manifestation  of  yoltaic  light  is  that  which  is  produced  when  the 
discharge  takes  pUce  between  two  pointed  pieces  of  charcoal  The  light  is  white  and 
dazzling,  and  when  produced  by  a  powerful  current,  such  as  that  of  a  Bunsen's  battery 
of  40  or  50  cells,  has  a  brilliaDcy  wnich  the  eye  cannot  endure.  With  such  a  battery, 
the  charcoal  points,  after  haying  been  brought  in  contact,  may  be  separated  to  some 
distance  from  one  another  without  interrupting  the  current,  the  discharge  then  assum- 
ing the  form  of  a  splendid  arch  of  light.  This  phenomenon  takes  place  in  a  yacuum  as 
well  as  in  air,  and  eyen  with  greater  regularity  in  the  former  case,  because  the  ex- 
tremities of  the  charcoal  terminals  do  not  then  burn  away. 

The  light  of  the  yoltaic  arc  is  due,  partly  to  the  electric  light  itself,  partly  to  the  in- 
candescence of  the  charcoal  terminals,  partly  to  the  transport  of  small  particles  of  car- 
bon from  the  positiye  to  the  negatiye  pole.  By  projecting  the  image  of  the  poles 
during  the  passage  of  the  current,  on  a  screen  by  means  of  a  system  of  lenses,  this 
transference  of  particles  may  be  distinctly  seen,  the  positiye  terminal  being  gradually 
eaten  away,  while  the  negatiye  terminal  seems  to  grow.  With  the  softer  kinds  of 
charcoal  this  transference  takes  place  more  easily  than  with  hard  charcoal ;  soft  charcoal 
giyes  therefore  a  longer  arc;  h^d  charcoal  is,  howeyer,  usually  preferred  for  producing 
the  lijg;ht,  because  the  continual  alteration  in  the  terminals  interferes  greatly  with  the 
steadiness  of  the  light 

The  transference  of  matter  takes  place  between  metal  terminals  as  well  as  with  char- 
coal, the  more  fusible  or  oxidable  metals,  zinc  and  iron  for  example,  exhibiting  it 
more  easily  than  the  more  refractory  or  less  oxidable,  such  as  platinum  or  silyer ;  hence 
the  arc  may  also  be  produced  with  metals,  but  it  is  then  much  shorter.  In  almost  all 
eases,  the  transference  of  matter  is  from  the  positiye  to  the  negatiye  pole,  and  when  the 
discharge  takes  place  between  oxidable  metals  in  the  air,  the  transferred  matter  always 
consists  of  the  oxidised  metal  of  the  positiye  terminal  The  same  transference  of 
matter  takes  in  the  ordinary  electric  spa^  as  obsenred  long  ago  by  Fusini^ 

The  intensity  of  the  light  of  the  yoltaic  arc  has  been  examined  by  Casselmann 
(Pogg.  Ann.  Ixiii  576).  The  charcoal  terminals  were  formed  of  hard  Bunsen's  char- 
coal (L  760)  saturated  with  yarions  solutions,  nitrate  of  strontium,  boric  acid,  &c,  and 
then  re-ignited.  The  terminals  thus  prepared  gaye  a  yery  steady  arch  of  light, 
yariously  coloured,  according  to  the  substance  with  which  the  charcoal  was  impreg- 
nated, and  continuing  (with  a  battery  of  44  Bunsen's  cells)  till  the  points  were  sepa- 
rated by  an  interral  of  7  or  8  mm.,  whereas  the  unsteady  arc  produced  with  crude 
eharcoal  did  not  pass  oyer  a  space  exceeding  5  mm. 

The  following  table  exhibits  the  intensity  of  light  of  the  glowing  charcoal  points, 

together  with  that  of  the  luminous  arch,  compared  with  that  of  a  stearine  candle,  and 

in  each  instance,  when  the  terminals  were  yery  close,  and  when  they  were  separated 

as  far  as  possible.    The  strength  of  the  current,  measured  by  a  tangent-compass,  is 

xpressea  in  chiimical  anits  (p.  462).    The  light  was  measured  by  a  Bunsen's  pbo- 
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DUUc»c#  b«(wf«ii 

Siren^lh  of 

ItitenjiitT  of 

chATCO*!  ))<>tlltl. 

current. 

l»l«ht. 

0  5   mm. 

95 

932 

4-6 

68 

ISO 

0^5 

120 

353 

6-75 

88 

274 

2-5 

101 

IdO 

bO 

82 

75 

10 

80 

624 

5"0 

67 

loO 

1-6 

72 

1171 

60 

64 

16^5 

Cmdo  charcoal  .  .  *  * 
Charcoftl  with  nitrate  of  fltroQCium  . 
Charcoal  with  caustic  potash  . 

Charcoal  with  chloride  of  tine 

Charcoal  with  horax  and  smlphiirio 
acid    ...»«* 

These  utunbera  show  that  both  the  strength  of  the  current  and  the  intensity  of  the 
light  dimiiilfih  oa  the  diatance  between  the  terminiile  ia  increafied. 

From  the  experiments  of  Fiseau  and  Foiicaul^  it  appears  that  the  inteneitj  of 
the  Toltaic  arc  of  a  46-pAir  Bunsen's  battery  is  thirtj-four  times  as  great  as  that  ol 
the  oxy-hydrofTen  lime- light 

The  great  intenflity  of  the  Toltaie  Ugbt  has  led  to  yanous  attempts  to  adapt  it  to  the 
pnrposes  of  illamination.  There  is,  however,  considerable  difficulty  in  obtaining  astt^jidjy 
light,  because,  aa  already  observed,  the  charroal  terminals  are  continually  burning^ 
avray,  and  their  shape  is  constantly  rarying,  in  consequence  of  the  tranHfereoce  of  par* 
tieles  from  one  to  the  other.  Unless,  therefore,  some  means  are  provided  for  maiutaio* 
ing  a  constant  disUince  between  them,  the  light  contioually  varies  in  intensity,  and 
sometimes  goes  out  altogether.  Tho  most  effectual  arrangement  for  this  purpose  is  that 
adopted  by  Duboscq  in  his  electric  !  amp,  for  a  dctscriptionand  figure  of  which,  pee 
X>e  la  Mv€*»  IVaitit  ii*  26,  or  Ure'a  Dictionary  o/  Artu,  Manufactures^  and  Minet,u.87. 
This  apparatus  is  admirably  adapted  for  opticn!  purposes,  for  exhibiting  efl^ts  of  re- 
fraction, dispersion,  poIariBation,  &c.,  for  thniwing  images  of  ^•arious  objects  on  a 
screen,  and  for  cerlnin  thi^atrical  effects  wbcR^  a  stnmjy  bwim  of  light  is  required ;  but  for 
general  purposes  of  ilium iimtiou,  where  a  nuirtl?er  of  &maU  Hghta  are  required,  rather 
thsn  one  very  strong  light,  the  elt'otric  light  does  not  appear  to  be  Tery  well  adapted, 
because  every  break  in  the  circuit  increases  enormously  tha  battery  power  requiriHl  to 
overcome  the  resir«tance. 

Mr.  Way  has  obtained  a  Tery  bright  light  by  passing  tho  electric  current  along  a 
stream  of  mercury.  The  light  is  pr«duced  by  the  incandescence  of  the  mercury- 
vapiour ;  it  has  a  somewhat  flickering  character,  and  a  decided  greeui^sli,  tinge.  M 

The  magneto- electric  light  has  also  been  applied  to  the  purpiose  of  illuminutioo,  4r1 
number  of  soft  iron  keepers  carrying  coils  of  wire  being  made  (o  rcvolrev  by  iteAmff 
powert  in  front  of  a  serie*  of  magnetic  poles.     An  apparatus  of  this  kiJid  waa  tried  i^" 
the  South  Foreland  Lighthouse  for  a  year^  with  very  good  results,  as  regards  the  in- 
tensity  and  steadiness  of  the  light. 

The  8trai\0cation  of  tho  electrie  light  in  highly-rarefied  gases  has  been  already 
mentioned  (p,  391).     This  phenomenon,  first  observed  with  the  discharge  of  the  in- J 
duction-coil^  has  been  shown  byTHr.  Gassiot  to  bo  likewise  produ<^  hj  the  discharge  1 
fmm.  the  conductor  of  an  electrical  inachine  or  from  a  Leyden  jar,  and  by  that  of  u 
voltaic  battery  consisting  of  a  large  number  of  cells,  such  as  Gassiot's  water  battety^l 
or  a  Grove's  Wttery  of  400  cells  well  iDSulated,  so  ss  to  obtain  high  tension  at  UiM 
poles.     It  is  theri»fore  wholly  independent  of  the  peculiar  conditions  of  the  inductioii  J 
appflratus.     In  short,  the  stratiieations  are  produced,  whether  the  discharge  is  coa^ 
tinuous,  like  that  of  the  voltaic  battery  under  ordinary'  circwnstunces,  or  intennlttenfe'l 
like  that  of  the  water  battery,  or  that  of  the  nitrie  aeid  battery  just  mentioned,  whea  " 
a  small  interruption  is  tnaiie  in  tho  eirctiit>  so  as  to  give  rise  to  the  passage  of  snarks; 
but  they  are  much  more  brilliant  with  the  (appareotly^  continuous  than  with  tiie  in* 
termittent  discharge,  because  the  action  of  th^  battery  js  much  more  encivetic  La  XhmX 
former  esse.     Mr,  Gftssiot  regards  the  stratified  discharge  as  arising,  in  allcaseSt  front  \ 
the  imnulses  of  a  force  acting  on  highly-attenuated  but  resisting  media,  and  thence 
concludes  that  the  discharge  of  the  voltttic  battery,  under  evei^  condition,  is  not  con- 
tinuous hut.  intermittent,  consisting  of  a  series  of  pulsations  or  vibrations  of  greater 
or  less  velocity,  according  to  the  resiatance  in  the  metallic  and  electrolytic  elements  of 
the  bat*«ry,  and  the  conducting  media  through  which  the  discharge  passes,    (Proc»  Roy. 
Soc.  X.  393 ;  xii.  529.^ 

Tho  voltaic  arc  and  the  streams  of  electric  light  produced  in  rarefied  gaseiB, 
deflected  by  the  magnet,  like  a  wire  conveying  a  cturent  of  electricity.     Some  Tcrf  "^ 
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remarkable  phenomena  are  exhibited  when  the  pole  of  a  maffnet  is  held  near  the  me- 
tallic terminals  in  an  exhausted  tabe  through  which  the  discharge  is  passing,  the 
current  being  sometimes  completely  interrupted,  as  if  the  luminous  stream  had  been 
driven  away  from  the  terminal,  and  thus  the  continuity  of  the  circuit  broken.  (Proc. 
Boy.  Soc  ix.  146,  604;  x.  269.) 

Phtsiolooical  Action  of  the  Elbctbic  Cuiibent:  Anihal  Elbctbicitt. 

General  Law  o/Nervoui  Excitation  by  the  EUctric  Currentf-^A  Toltaic  battery  of  a 
moderate  number  of  pairs,  gives  a  shock  at  the  moment  when  the  circuit  is  completed 
by  touching  the  two  poles  with  the  hands,  and  likewise  on  interrupting  the  circuit ;  but 
the  continuous  passage  of  a  current  of  constant  strength  does  not  produce  any  nervous 
agitation. 

For  more  delicate  observations  on  the  physiological  action  of  electricity,  the  limbs 
of  a  recently  killed  frog  are  used, 
prepared  as  in  Galvani's  original 
experiment  (p.  415),  by  cutting 
through  the  spinal  column,  leaving 
three  or  four  vertebrae,  then 
stripping  off  the  skin,  and  leaving 
the  lower  extremities  suspended 
by  the  lumbar  nerves,  as  in 
M.  469.  Sometimes  only  one  of 
the  legs  is  used,  with  a  consi- 
derable length  of  the  lumbar  nerve 
attached  to  it,  and  without  the 
vertebrae.  Such  a  preparation, 
which  gives  exceedingly  delicate 
indications  of  the  presence  of  an 
electric  current,  is  called  a  galva- 
noscopic  orrheoscopic  limb. 

In  the  rheoscopic  limb,  as  in  the 
human  body,  the  contractions  are 
produced  at  the  closing  and  open-  , 
mg  of  the  circuit,  or  generally  on 
the  occurrence  of  any  variation  in 
the  strength  of  the  current,  but  not  while  it  continues  of  constant  strength.  In  this 
respect  the  physiological  action  of  the  current  resembles  its  inductive  action  (p.  451). 
The  nervous  agitation  produced  by  a  current  of  given  strength  is  greater  in  propor- 
tion as  the  variations  in  its  strength  take  place  more  quickly ;  hence  the  discharge  of 
a  Leyden  jar,  even  if  of  small  dimensions,  produces  a  very  violent  shock,  the  current, 
though  very  small  in  quantitv,  passing  through  all  its  variations,  from  the  commence- 
ment to  its  maximum  strength,  and  down  again  to  its  termination,  in  a  time  inap- 
preciably small. 

The  preceding  observations  must,  however,  be  understood  as  applying  only  to  the  ac- 
tion of  the  current  on  the  motor  nerves ;  for  the  nerves  of  sensation  are  affected  by  the 
oontinuous  current,  as  well  as  by  the  sudden  discharge ;  a  peculiar  sensation  is  ex- 
perienced when  the  current  of  a  voltaic  battery  of  a  considerable  number  of  pairs  is 

Fig.  460. 


passed  through  any  part  of  the  body,  and  the  currents  even  of  a  single  pair,  produces 
a  severe  sensation  of  smarting  when  it  passes  over  any  part  of  the  surface  from  which 
the  akin  is  abraded.    The  effect  on  the  nerves  of  sensation,  like  that  on  the  nerves  of 
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Tnotion*  ia,  howerer,  mncli  greater  at  tb©  commeniwraent  and  c<?s<«itioD  of  tbp  cnrrent 
tban  during  ita  coatmuance. 

Recimtly-prepared  frog'a  legs,  which  are  very  excitable,  exhibit  (equally  strong  conTul- 
Bioua.  both  at  the  opening  and  closing  of  the  circuif^  in  whichorcr  din&ction  the  current 
ia  Fent  through  tib.em ;  but  aa  tbc  excitabilitj  becomes  les«,  this  equality  no  longer  esibctA^ 
and  Bu  Bois-Rajmofldhaai  shown^  that,  with  a  medinm  degree  of  excitability  in  the 
prt'pared  frog's  limb,  the  eontractions  are  stronger  at  the  elosinq  of  the  circuiti  when 
the  positive  current  ^jasecs  fpom  the  origin  of  the  nerres  to  their  ramificationa,  and  ml 
th*i  opening  of  the  circuit,  wlien  the  current  ia  in  the  contraiy  directioo.  This  may 
be  shown  %  immersing  the  two  legti  of  the  frog  in  B«panle  Raines  of  salt  wat«r  eon- 
neeted  with  the  polea  of  a  batti^ry,  as  in  Jig,  460,  so  that  the  +  E  may  poas  up  one 
leg  and  dnwn  the  other ;  it  will  then  be  found  that  the  leg  in  the  cup  connected  with 
the  oegatiTe  pole  exhibits  conTulaious  at  the  cloaing  of  the  circuit  and  the  other  at  the 
opening. 

Tlie  ltCii»ciil«ur  CSGirent.  The  rheoscopic  limb  may  be  made  to  exhibit  connil 
Biona  without  the  action  of  any  external  eourcc  of  electricity.  Gal  van  i,  who  firrt»j 
obserred  the  contractiona  produced  on  touching  the  nerrcB  of  the  limb  with  a  copper, 
and  the  mujscles  with  nu  iron  rod,  the  two  metaU  being  in  contact,  attributed  the  effect 
to  a  peculiar  fluid  which  he  supposed  to  paaa  through  the  limb  from  the  nerres  to  the 
musclea.  Volt  a,  howcTcr,  showed  that  an  essential  condition  to  the  production  of  thfl 
powerful  contractions  observed  by  Qalyani,  was  the  preaenco  of  two  metal  a  in  the 
circuit,  and  he  rtttributed  the  entire  effect  to  electricity  deTeloped  at  the  point  of  con- 
tact of  the  dissimilar  metals  (p.  415).  The  invention  of  the  pile,  to  which  this  theory 
led  him,  and  the  »plendid  seriee  of  discoveries  thetico  resulting,  diverted  attention  for 
a  considerablo  time  from  the  original  phenomenon.  Galvani,  however,  retained  hia 
original  view,  and  succeeded  in  showing,  that  the  prepared  frog's  linibs>  when  very 
exeitablei  that  ia  to  aay,  soon  after  separation  from  the  living  body,  exhibit  the  con- 
tractions, not  only  when  the  ntarvea  and  muscles  are  connected  by  a  homogeneous 
metallic  wire,  but  even  without  any  metal  at  all,  namely,  by  simply  bringing  the  ex- 
tremities of  the  lumbar  nerves  in  contact  with  the  mqacleti  of  the  leg  or  foot. 

The  contractions  may  also  be  produced  by  dipping  the  feet  into  a  Tessel  containing 
salt  water,  the  vertebral  column  intf>  another  vessel  of  salt  water  placed  by  the  side  of 
it,  and  connecting  the  two  portions  of  liquid  by  means  of  a  bundle  of  moirfened  cotton 
threads  ;  the  limbs  exhibit  conviilsions  every  time  the  circuit  is  completed  or  broken. 

If  the  two  vessels  are  connected  by  dipping  into  them  platinum  plates  attached  to 
the  coil  of  A  very  dehcate  galvanometer,  the  needle  exhibits  a  deflection,  indicating 
the  exiittence  of  a  current  from  the  feet  towards  the  bead-  This  was  first  shown  by 
Nohili;  and  Matteucci  aft*?rwards  found  that  an  equally  strong  current  is  produced, 
when,  inatead  of  the  prepared  limbs,  the  entire  Ixidy  of  a  frog,  recently  killed  audi  *tkinned, 
ia  placed  between  the  two  glasses,  with  the  head  in  one  and  the  feet  in  the  other,  tiie 
current  always  passing  in  the  body  of  the  frog  from  the  feet  to  the  head.  Wiih  the 
galTanosooptc  limb,  a  cun-ent  is  obtained  still  in  the  same  direction^  when  the  leg  is 
immersed  m  one  vcsicl  and  the  thigh  in  the  other. 

As  the  saline  solutions  may  art  ehemicaUy  on  tlie  animal  fluids,  and  thus  genemte 
currents  which  interfere  with  the  tme  muscular  and  nerrous  currents,  it  is  necessary, 
in  the  more  delicate  investigations  relating  to  animal  electricity,  to  make  use  of  appa- 

ratua  in  which  the  direct  contact  of  the  nerves 
and  muscles  with  thei$e  solutions  im  avoidiHl. 
Such  is  the  contrivance  adopted  by  Du  Boii*- 
Roj'mond  ( Un Urstichunqni  tiftf r-  (ht4'ri*t'he 
Eicctriciiat,  Berlin,  1848  and  1849:  Ann.  Ch, 
Ph3^s.  [3]  XXX.  no,  178;  xxxix,  114 V  vbirh 
consists  in  laying  the  nerve  or  muflcle  between 
two  jmds,  compiled  of  a  great  number  of  layers 
of  thin  filtering  paper, saturated  with  the  saline 
solution,  and  laid  over  the  edges  of  tlie  Teasels  in 
which  the  platinum  terminals  of  the  galvano* 
meter  ore  immersed,  the  animal  substance  not, 
however,  being  in  direct  contact  with  the 
moiatjfued  paper,  but  separated  from  it  by  a 
small  piece  of  moistened  bladder  aoalted  in  white  of  egg:  this  prevents  any  chemical 
action  between  the  lalino  solution  and  the  animal  fluids,  but  does  not  stop  the  current. 
During  the  intervals  between  the  experiments,  the  two  pads  are  connected  by  a  third, 
as  shown  in  the  figure,  the  object  of  this  connection  Wing  to  keep  the  circuit  clos^ed, 
and  allow  any  polarisatioo  of  the  platinum  plates  that  may  have  taken  place  to 
tieQtraHse  itself. 
A  better  mode  of  experimenting,  howercTr  la  that  of  Matteucci  (Proc  Boy.  Soc 
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Fig.  461. 
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z.  577),  who  vfles,  as  ez^mities  of  the  galvanometer,  plates  of  amalgamated  Einc, 
immersed  in  a  neatral  satorated  soltition  of  sulphate  of  zinc  This  liquid  possesses 
great  conducting  power,  but  does  not  act  chemically  on  the  animal  tissue ;  tne  appa- 
ratus is  also  auite  free  firom  secondary  polarity. 

By  the  mode  of  experimenting  above  described,  the  following  facts  have  been  estab- 
lishM: — 

1.  When  a  muscle  having  two  membranous  terminations  is  laid  between  the  con- 
ducting pads,  as  in  fig,  462,  no  current  is  produced ;  but  if  the  muscle  is  placed  as  in 

Fig,  463. 
Fig,  462. 
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fig,  463,  with  one  of  its  extremities  in  contact  with  one  pad,  and  its  red  muscular  sur- 
face with  the  other,  a  veiy  strong  current  is  produced,  passing  through  the  muscle 
from  the  tendinous  extremity,  a,  to  the  point  of  contact  of  the  muscular  flesh  with  the 
pad.  If  the  muscle  be  removed,  the  circuit  completed  by  the  connecting  pad,  so  as  to 
oeatroy  the  polarity  of  the  plates,  the  connecting  pad  then  removed,  and  the  position 

•%•  *^*-  Fig,  466. 

of  the  muscle  reversed  as  in  fig,  464,  the  direction  of  the  current  is  reversed,  that  is 
to  say,  it  is  still  from  the  tendinous  extremity  6,  to  the  touched  point  of  the  muscular 
flesh. 

2.  If  the  muscle  be  cut  transversely  and  then  placed  between  the  pads,  so  that  the 
cut  surface,  a,  is  in  contact  with  one,  and  a  point  of  the  outer  surface  with  the  other 
(fiq.  465),  the  current  passes  from  a  through  the  muscle  towards  the  latter  point. 

The  artificial  transverse  section  of  the  muscle  plays,  therefore,  the  same  part  as  the 
tendinous  extremity ;  in  &ct,  this  extremity  may  be  regarded  as  a  natural  transverse 
section,  covered  with  a  neutral  substance,  the  tendon,  which  acts  merely  as  a  conductor. 

3.  If  the  muscle  be  torn  in  the  direction  of  the  fibres,  an  artificial  longitudinal 
section  is  obtained,  which  acts  just  like  the  natural  lateral  surface  of  the  musdes,  or 
natural  longitudinal  section. 

These  results  lead  to  the  following  general  law  of  the  direction  of  the  muscular  current, 

The,  longitudinal  section^  natural  or  artificial,  of  a  muscle,  is  positive  to  its  natural 
or  artificial  transverse  section. 

This  law  of  the  muscular  current  is  not  confined  to  any  particular  class  of  animals, 
but  extends  throughout  the  animal  kingdom.  Du  Bois-Keymond  has  observed  it  in 
the  muscles  of  man,  of  the  rabbity  guinea-pig,  mouse,  dove,  sparrow,  tortoise,  lizard, 
adder,  blind-worm,  many  kinds  of  frog  and  toad,  the  earth-  and  water-salamander,  the 
river-crab,  and  the  common  earth-worm. 

Du  Bois-Reymond  has  flirther  shown  that  currents  exist  between  different  points  of  the 
longitudinal  section,  either  natural  or  artificial,  any  point  in  such  longitudinal  section 
being  negative  with  respect  to  any  other  point  farther  than  itself  from  the  extremity 
of  the  section. 

The  central  points  of  any  transverse  section  are  negative  to  those  situated  beyond 
them. 

These  currents  existing  between  different  points  of  the  same  section,  longitudinal  or 
transverse,  are,  however,  very  feeble  in  comparison  with  those  between  a  transverse  and 
a  longitudinal  section. 

It  appears,  then,  that  every  fragment  of  a  muscle,  however  small,  exhibits  currents 
following  the  same  general  law.  Hence  it  may  be  inferred  that  the  muscular  currents 
are  molwular,  like  uose  to  which  the  effects  of  magnetism  are  attributed  in  Ampire*s 
theonr,  so  that  the  muscular  currents  really  form  closed  circuits,  and  the  currents 
actually  observed  in  experiments  like  those  above  described,  are  merely  derived  conents, 
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obtained  hj  diTerttiig  a  portion  of  the  prfncipa]  current  tkrongli  a  neighbouring  con- 
ductor, and  probwbly  veiy  greatly  inferior  in  intojifiity  to  the  priniitiTe  eurrents. 

The  strength  of  the  moscular  ecurent  is  greater  in  pmportion  lui  the  mut»ele  has  \n 
exert  a  atrougcr mijchanical  power,  whether  voluntary  or  inroluntjUT  (Du  Bois-Rey-  i 
inond).   According  to  Matteucci  (Proc  Roy-  Soe.  viii.  209),  the  electromotive  pciweel 
of  umuiidie  in  independent  of  the  snrfaeo  of  its  transverse  «ection«  hut  tncreiuies  wiUi  th^ 
Iciigtii  of  the  mus'^'le.     It  is  greater  in  mammals  und  birds  than  in  fish  or  amphibtji. 

liie  nerre*  have  no  direct  inflneDco  on  the  electromotive  foroo  of  mnscle«/but  any 
e&naes  which  exert  an  influence  on  the  physical  structure  and  chemieaJ  composition  of 
iniiaeleis,  so  aa  to  modify  their  irritahihty  or  contractility,  act  equidly  on  their  electro- 
motive power,     (il  ft  1 1  e  u  c  e  t,  loc,  cit. ) 

According  to  J.  Regnanld.  the  maximum  electromotive  force  of  the  gastro-enemian 
niui^o  of  the  frog  is  between  4  and  d  times  aa  great  aa  that  of  a  thermo-electric  coop' 
of  biiimulb  and  antimony  having  one  of  its  joints  at  0^  C.  the  other  at  100^  ;  that 
the  thigh-moaelea  of  the  frog  is  9  or  10  tim^  that  of  the  same  couple,  Keferred  t 
the  sume  unit,  the  electromotive  force  of  the  gastro*cnemia7of  the  rabbit  ia  between  i 
and  7 1  that  of  the  biceps  between  o  and  6. 

The  elfctromotire  power  of  the  musclea  dLminishes  after  death  at  the  same  rate  aal 
the  irritability,  and  when  the  rigidity  of  death  sets  in,  the  muscular  cunvnt  cease«J 
altogether,  and  cannot  be  renewed  by  any  means  whatever.  It  is  therefore  essentially  1 
a  vital  phenom»*non. 

A  muscle  during  contraction  exhibits  an  electric  ciirrent  in  the  same  direction 
when  it  is  in  the  nncontntcted  stat^  but  the  cuircut  is  mnch  weaker.     (Bn  Bois 
Keymond,  Mntteucci.) 

The  Werrosia  CarreDt.  By  operating  with  the  sciatic  nenre  of  a  frog  in  %hm\ 
«ime  mann**r  u^  iu  the  experiments  with  muscle  above  described,  placing  a  transverseJ 
section  in  contact  with  one  of  the  puds  of  filtering  pa^,  and  a  point  of  the  lateral ] 
surface  with  the  other,  a  strong  current  is  obtiUDed,  passing  ^m  the  transverae  section  I 
through  the  nerve  to  the  touched  point  of  the  lateral  surfuce. 

Generally,  the  ncrvoas  current  la  anbj<<rt  to  the  same  laws  as  the  musenlar  current  j 
the  nerves  may  therefore  be  sapposed  to  be  the  seat  of  a  number  of  closed  molecular 
currents,  of  which  the  currents  acluallj  indicated  by  the  multipH<>r  tire  merely  derived 
portions,  greatly  inferior  in  strength  to  the  nervous  currents  themselves. 

Vrhen  an  electric  current  from  a  valtaic  couple  is  passed  along  any  portion  of  a 
nerve,  the  nerve  begins  to  act  electromotivety  at  all  its  points,  independently  of  its 
ordinary  electric  state,  the  direction  of  the  currents  thus  produced  coinciding  with 
that  of  the  exciting  current.  This  is  called  the  electro -tonic  state  of  the 
nerve. 

When,  on  the  contniry,  the  nerve  is  tetanised,  by  the  passage  of  momcntajy 
currents  through  it  in  opposite  directions,  as  from  un  induction-coil,  the  ordinary  nervous 
current  is  weakened,  hke  the  muscular  current  under  similar  circuni«tances. 

For  further  details  on  the  muscular  and  nervous  currents,  see  MUlkr  Ixkrh^ti^h  d^ 
Phmk,  ii.  410-432.— De  la  Rive,  Traiti  iii.  1-61.— Matteucci,  Ann.  Ch.  Phvs,  [2] 
Ivi.  429 ;  bcviii.  93,  [3]  vi.  30;  viii*  309 ;  xt.  64 ;  xriii.  109;  xxiii.  230 ;  Phil  Trans. 
1847-1850  ;-Proe.  Itoy.  Soc.  vui.  209  ;  x.  344.— C.  B.  Radcliffe,  ibid,  ix,  090  ;x. 
347. 

Sleotiio  l*laliea«  There  arecert^iin  fishes  provided  with  peculiar  organs,  in  which 
electricity  ia  developed  with  such  intensity  as  to  give  powerful  shoclu,  and  ex)iibit 
various  other  signs  of  electric  action^  Buch  as  attraction  and  repulsion,  the  spivrk, 
mu(znetis;ition  of  steel,  &C. 

The  fishes  in  which  this  power  is  known  to  reside,  are  the  Torprda  or  ^eetric  Rtt^^ 
found  ill  the  Meditcrrane^i  &nd  in  the  Atlantic,  rurelj  in  the  North  Sea;  the  G^mnofiut 
clt-etricus  or  Surinatn  Eei,  found  in  the  lakca  and  rivers  of  South  Amerii!*,  especially 
iu  Guiana;  iLnd  the  SUunu  deciricus^  found  in  the  Nile,  Niger,  and  other  African  riven?. 
Besides  theae,  the  Bkinobaiu^  el^tricus,  l^irtwdan  eiecirievs,  and  TMckiurm  ftirirfcv^, 
lire  said  to  possess  simitar  powers,  but  the  statements  respecting  them  are  somewhat 
vspue  and  reqiiirc  confirmation. 

The  torpedo  has  long  been  known  to  possess  the  power  of  giving  shoeks;  but  the 
eh'ctric  cbtiracttT  of  thia  power  was  first  pointed  out  by  3Iu^ehenbroek,  and  furlJier 
establiifhed  by  Dr  John  Davy,  who  obtained  a  deflection  of  a  gitlvjiuomeier  needle  by 
bringing  the  i^xLremities  of  the  coil,  furnished  with  platinum  plates,  in  contact  with 
the  back  and  front  of  the  fish,  and  mognetig^fd  a  steel  needle  by  placing  it  in  a  helix, 
the  ends  of  which  were  made  to  touch  the  fish  in  a  similar  manner.  He  likewise 
succeeded  in  decompof<ing  water  by  the  same  current  and  pn^vcl,  by  the  manner  in 
which  this  decomposition  took  place,  as  well  as  by  the  magnetic  |»hcnomena,  that  iho 
opper  or  back  surface  of  the  torpedo  ia  positive,  the  lower  negative,    lies*  resulta 
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i  eonfinned  bj  Beoqnerel  and  Brescbet,  and  fhrther  by  Mattoucci  and  LmarL  Tbe 
latter  first  obtained  a  spark  from  the  torpedo  by  bringing  an  iron  wire  touching  one 
Buiface  of  the  fish  in  contact  with  a  cnp  of  mercury  connected  with  the  opposite  surface ; 
he  likewise  obtained  an  induction-spark  by  passing  the  discharge  from  the  fish  through 
an  electro-dynamic  helix.  Matteucci  i^rwards  obtained  a  spark  and  effects  of 
attraction,  by  placing  a  torpedo  just  taken  out 
of  the  water  between  two  metallic  plates  (Jig, 
466),  the  lower  supported  on  glass  legs,  the 
upper  provided  with  an  insulating  handle,  and 
both  haying  attached  to  them  metallic  rods, 
terminating  in  balls  A  B,  to  which  gold  leaves 
were  attached.  On  gently  moving  the  upper 
plate,  so  as  to  irritate  tho  animal  a  little,  the 
gold  leaves  moved  together,  and  a  bright  spark 
passed  between  them. 

In  the  gymnotus,  the  direction  of  the 
electric  discharge  is  from  the  head  through  an 
external  conductor  to  the  tail,  the  head  being 
the  positive  extremity.  When  the  fish  bench 
its  long  body  into  a  curve,  the  water  included 
in  the  curve  is  traversed  by  a  number  of  elec- 
tric currents,  which  kill  any  small  fishes  that  may  be  in  their  way.  Faraday  showed 
that  the  electric  current  from  the  gymnotus  is  capable  of  decomposing  iodide  of  potas- 
sium,  magnetising  steel  needles,  and  producing  an  induction  spark ;  and  Schdnbom,  by 
connecting  two  strips  of  gold  leaf,  one  with  the  head,  the  other  with  the  tail  of  the  fish, 
obtained  vivid  sparks,  attended  with  combustion  of  the  gold. 

The  shock  given  by  the  gymnotus  is  much  more  powerful  than  that  of  the  tor- 
pedo ;  indeed,  when  the  fish  is  in  full  vigour  in  its  native  element,  it  is  capable  of 
idllins  large  animals.  ^  The  dischar^  from  both  these  fishes  is  of  high  intensity, 
like  that  of  a  Leyden  jar,  and  will  give  a  shock  to  a  chain  of  several  persons  joining 
hands. 

The  power  of  all  the  electrical  fishes  resides  in  peculiar  organs,  bearing  a  general 
resemblance  to  a  voltaic  pile.  In  the  torpe do,  the  electrical  organ,  situated  l^tween 
the  pectoral  fins,  the  head,  and  the  gills,  is  formed  of  a  number  of  small  membranous 
tubc^  A,  B  (fig.  467),  passing  perpendicularly  from  front  to  back  of  the  fish,  pressed  to- 
gether like  the  cells  of  a  honey-comb,  and  divided  by  transverse  diaphragms  into  a  great 
number  of  small  cells,  which  are  filled  with  an  albuminous  liquid  (^salt  water  and  4c 
albumen).  There  are  about  940  of  these  tubes,  each  divided  into  2000  cells,  and 
the  organ  is  traversed  throughout  by  numerous  ramifications  of  nerves  proceeding  from 
the  eighth  pair.  The  direction  of  the  tubes  is  in  accordance  with  the  opposite  polari- 
ties of  the  two  fiat  surfaces  of  the  fish. 


Fig,  467. 


Fig,  468. 


M   A  i^A 


In  the  gym  n  o  tus,  the  electric  organ  (fig.  468)  is  of  similar  construction ;  but  the  tubes 
are  rectangular  and  directed  parallel  to  the  axis  of  the  fish.  The  transverse  diaphragms, 
A^  B,  which  are  perpendicular  to  the  length  of  the  animal,  consists  of  two  solid  membranes 
superposed  but  not  in  contact,  one  having  a  cellular  structure,  the  other  composed  of 
minute  fibres.  There  are  also  two  liquids — one  the  stUh cellular  liquid^  contained 
between  the  two  membranes  just  mentioned,  the  other,  the  super-cellular  liquid^ 
between  two  successive  diaphra|^s.  Pacini,  to  whom  the  anatomical  examination  of 
the  organ  is  due,  compares  it  with  the  voltaic  battery  of  one  metal  and  two  liquids, 
the  chemical  action  tidung  place  between  the  cellular  substance  and  the  sub-cellular 
liquid,  the  super-cellular  liquid  acting  merely  as  a  conductor,  and  the  fibrous  substance 
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fl9  the  porous  eelL  The  fibrous  Bubetance  in  each  tell  is  8itiiat«d  towardfl  tlie  head  of  , 
tho  animal,  so  that  this  mode  of  action  is  in  awordftuce  writh  the  direction  of  f*-^  " 
poeitiro  current  in  the  body  of  the  fbh  from  the  tail  to  the  head. 

The  electncol  organ  of  the  silurns  is  composed  of  small  membranes  B  B  {Jig.  469  m 
crossing  one  another  in  Tarioos  directions,  and  forming  a  number  of  octahodral  eeti%,  J 
each  having  the  cupacitj  of  about  a  cubic  millimptre^  and  &lled  with  an  albnmitioua>  I 
liquid.  The  whole  fbrms  a  spongj  masa  just  beneath  the  ekin,  and  cnTclopea  th#  I 
whole  body  like  a  sae;  ejLceptiug  the  muzzle  and  the  fijas.  It  is  separated  from  th#J 
bodjof  the  Ash  E  Ehytk  thick  luyer  of  fat  DD,  which,  being  a  non-conductor^  appOBHt] 
to  be  defiig;ned  to  protect  the  animal  from  the  effects  of  its  own  electricitj.  '\ 

In  all  the  electric  fishes,  the  action  of  the  electric  oi^n  is  to  a  consademble  extendi 
nnder  the  control  of  the  will,  and  its  exertion  is  attended  with  exhanstion  of  ni«tvl 
vous  energy,  the  animal,  after  giving^  repeated  shocks,  requiring  rest  and  good  nourish^  i 
ment  to  restore  its  electric  power*  But  the  recent  cxperimenta  of  Matte  ucci  (Proc  J 
Boy.  Soc.  X.  676)  on  the  torpedo,  hare  shown  that  the  electric  organ  is  not  entirelj  I 
under  the  control  of  the  will,  but  is  alwars  charged^  and  that^  round  the  body  of  tha  i 
torpedOi  and  of  every  other  electric  fish,  there  is  a  continuul  circulation  of  electridtjr  j 
in  the  liquid  medium  in  which  the  animal  is  immersed.  In  fact,  when  the  electxio  J 
organ,  or  eTen  a  fragment  of  it,  is  removed  ^m  the  LiTing  fish  and  placed  between  thA'] 
ends  of  a  galvanometer,  the  needle  remains  deflected  at  a  constant  angle  for  20  or  3<ll 
hours,  or  eren  longer*  ^  ] 

The  eleotzio  organ,  or  a  portion  of  it  detached  from  the  fish  and  kept  at  the  fre^dng  I 
temperature,  nreaerrea  its  electromotive  power  for  six,  or  eren  eight  days ;  and  i 
an  organ  which  has  been  kept  for  24  hours  in  a  yessel  sorroimded  witti  a  mixture  of  I 
ice  and  salt^  is  found  to  posaeas  an  electxvu&otive  power  as  great  as  that  of  the  organ  [ 
recently  det;ichcd  from  the  lirizig  fiab.  Thus  the  electric  organ  retains  its  functional  I 
actirity  long  after  nervous  and  muscular  excitability  hare  been  extiDgnished.  >fat«l 
teooci  has  also  shown  that  tho  electric  organ  may  be  excited  by  mechanical  irritatioa||,| 
indepQiidently  of  nervous  influence ;  that  infiueuce^  however,  renews  and  renders  per*! 
sistent  the  activity  of  the  apparatus.  Tho  diachrn^,  which  is  only  a  state  of  lemporarjr  i 
activity  of  the  organ^  is  brought  on  by  an  act  of  the  will  of  the  living  animal,  or  b/ J 
the  egccitation  of  the  nerYect  of  the  organ. 

Bbvblofmbnt  of  Elhctricitt  m  Piants, 

The  el ec? trie  relations  of  the  dififerent  parts  of  a  living  plant  have  been  examined  by  | 
PouiUet,  Riefis,  Becquerel,  and  Wartmajin,  without  any  rtrj  definite  results-  Tlie  I 
most  complete  experiments  on  the  subject  are  those  of  Buff  (Ann.  Ch.  Phys.  [31  xlL  I 
I9d),  who  has  shown,  that  the  roots  and  all  the  internal  partg  of  plants^  wkteh  atii\ 
filled  mth  vrgdablt  im(^s,  art  negatiift  with  regard  to  the  more  or  U*»  humid  Attip/W«  q^l 
(he  Imws,  Jiowtrs,  frtiit,  and  young  branches. 

The  origin  of  this  phenomenon  is  easily  traced.  The  interior  of  the  plant  oontaini 
juices  of  various  nature,  which  cannot  pass  through  the  epidermis,  whereas  that  mem- 
brane is  always  impregnated  to  a  certain  extent  with  the  moisture  of  the  air.  There 
are  then  in  contact,  a  membrane  impregnated  with  water,  and  vegetable  OTigaus  eon  tain* 
ing  Eqiuda  of  various  natore ;  if,  tlien,  a  closed  circuit  be  formed  between  the  two»  a  J 
cnureiil  must  necessarily  be  produoed;  this  current  has,  however^  onty  a  very  distanll 
and  indirect  relation  with  the  phenomena  of  vegetation. 

So  far,  indeed,  as  obBcrvutiDua  have  yet  gone^  it  d<vs  not  appear  that  living  plants 
exhibit  an  elecfric  state  analogous  to  that  which  haj*  l»eon  shown  to  exist  in  the  nerv<«t 
and  muscles  of  animals,  all  the  signs  of  electricity  observed  in  them  being  attributable' j 
to  ordinary  chemical  reactionsu  and  in  some  cases  perhaps  to  the  eleetrici^  of  the  atmo"/ 
sphere,     (De  la  Rive,  7)'aift\  liL  82—88.) 

mi^SCTMXOWrWt  A.TM06PBI1SX0.     The  atmosphere  exhibits  stgns  of  eleo^l 

tricity  in  its  normal  state  as  well  as  dtiriog  etorras.  A  gold-leaf  electroscope  connected  1 
with  an  insulated  pointed  metal  rod  projecting  into  the  air,  gives  almost  constant  lo- j 
dieations  of  etocEric  chui^,  the  kind  and  degree  of  which  varj'  with  the  state  of  tho  1 
atmosphere,  and  the  height  above  the  surface  of  the  earth  at  which  the  electricity  is  j 
collected. 

When  the  sky  is  quite  cloudleaB  and  the  air  dry,  the  electricity  of  (h©  ataiCM{»herB  ii 
always  positive,  the  intensity  increasing  regularly  with  the  altittide  above  the  8nr£u:%J 
where  it  is  nothing.  At  any  given  altitude,  the  intensity  of  the  positive  charge  ex-^j 
hibits  variations,  l»oth  monthly  and  diurnal.  The  monthly  variations  are  such  thai/ 
the  maxima  of  electric  charge  show  themselves  in  the  months  when  the  days  aro  ] 
shortest,  and  the  minima  in  those  when  they  are  long^t.  The  diurnal  vanatio&SJ 
differ  considerably  in  amonnt  in  tlifforent  places^  and  are,  for  the  most  part|  pzopor^ 
tional  to  the  variations  of  hamidity  in  the  air. 
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The  predpiUtion  of  aqueous  Tapour  in  the  form  of  doud,  log,  or  rain  giyefl  rise  to 
great  and  sudden  changes  in  the  electrical  state  of  the  atmosphere,  the  positive  charge 
no  longer  following  the  regular  course  of  variation  above  mentioned,  but  sometimes 
falling  to  nothing,  and  sometimes  giving  place  to  a  negative  charge  of  greater  or 
less  intensity.  Indeed,  the  formation  of  a  doud  or  fog  is  always  accompanied  bj  a 
change  of  distribution  in  the  electridl^  of  the  stratum  of  air  in  which  it  takes  place. 
When  »  number  of  particles  of  aqueous  vapour  combine  together  into  a  veside  or  a  liquid 
globule  (see  Cloud,  1. 1028)  the  small  quantities  oi-t-  E  assodated  with  them  unite  in  the 
^bnle,  and  are  accumulated  on  its  surface,  and  when  a  number  of  these  globules  are 
aggregated  in  the  form  of  a  doud,  a  considerable  portion  of  the  charge  is  transferred  to 
the  exterior  surface.  The  doud  consequently  acts  like  a  char^  conductor  on  the  air 
below  it,  rendering  the  contiguous  portion  negative,  and  increasing  the  positive  charge  at 
«  eertain  distance  on  either  side  of  this  negative  portion.  Sappose  now  a  doud  thoe 
charged  to  pass  over  the  eledzosoope.  When  it  is  within  a  certain  distance,  the  positive 
divergence  of  the  leaves  increases,  then  it  diminishes,  and  at  a  certain  time,  viz.  when 
the  neutral  limit  between  the  positive  and  negative  columns  of  air  is  passine  over  the 
dectroeoope,  the  leaves  coUi^we ;  then,  as  the  doud  passes  on,  they  diverge  with  negative 
dectridty,  then  again  collapse,  and  when  the  doud  has  passed,  the^  again  diverge  with  •(- 
Mi,  showing  that  the  air  has  returned  to  its  normal  dectric  condition.  Independently, 
however,  of  this  inductive  action,  portions  of  the  air  frequently  acquire  a  direct  negative 
charge,  from  a  cause  to  be  explained  hereafter ;  the  same  cause  also  gives  rise  to  the 
formation  of  negative  douds.  It  is  easy  to  understand  how  the  effects  above  described 
may  be  complicated  by  the  presence  of  positive  douds  in  different  parts  of  the  sky, 
or  of  a  positive  doud  in  one  part  and  a  negative  doud  in  another. 

A  laige  doud  strongly  charged  with  +  £^  disturbs  the  electridty  on  the  earth's  sur- 
face bdow  it^  rendering  the  part  immediately  below  it  strongly  negative,  and  when  the 
0{^>oeite  dectricities  on  the  ground  and  the  lower  surface  of  the  cloud  have  reached  a 
eertain  tension,  discharge  tdces  place  between  them  in  the  form  of  lightning.  One 
cloud  may  also  act  in  this  manner  on  a  neighbouring  doud ;  and  in  that  case,  the 
lightning  passes  from  one  to  the  other  without  striking  the  earth.  The  discharge  be- 
tween, two  douds  may,  however,  affect  objects  on  the  earth's  surface  in  this  way :  A 
positive  cloud  may  render  negative  the  sur£EU!e  of  the  ground  bdow  it,  as  weU  as  that 
of  a  neighbouring  doud,  and  if  discharge  takes  place  between  the  two  douds,  the  cause 
which  had  separated  the  electridties  of  a  certain  portion  of  the  earth's  surface  is 
soddcmly  removed,  so  that  they  recombine  with  equal  suddenness.  This  is  called  the 
return  stroke.  It  is  not  attended  with  any  visible  discharge,  and  is  never  so  violent 
as  the  direct  stroke  of  lightning,  but  men  and  animals  are  sometimes  killed  by  it 

An  dectrified  doud  never  discharges  all  its  dectridty  at  once.  This  arises  from 
the  imperfect  conducting  power  of  its  mass ;  in  fact,  when  a  number  of  globules  of 
water  unite  to  form  a  doud,  although  a  certain  portion  of  their  free  electridty  is  trans- 
ferred to  the  outer  surface,  this  is  not  the  case  with  the  whole — because  the  globules 
are  not  in  suffidently  dose  contact  to  form  a  continuous  conducting  masa  The'charge 
appears  rather  to  be  distributed  through  the  doud  in  successive  strata;  accordingly, 
when  an  dectrosoope  is  placed  in  the  midst  of  a  fog  or  cloud  driven  onwsdrds  by  the 
wind,  the  divergence  of  the  leaves  continually  varies  as  strata  of  different  intensity 
pass  over  it.  An  dectroscope  exposed  to  the  influence  of  the  electrified  clouds  during 
a  thunderstorm,  shows  that  every  stroke  of  lightning,  whether  taking  place  between 
two  douds,  or  between  a  doud  and  the  earth,  is  preceded  by  a  multitude  of  small  dis- 
charges in  the  interior  of  the  clouds  themselves.  The  leaves  diverge  suddenly  and  by 
fits  during  an  interval  when  all  appears  quiet ;  then  a  clap  of  thunder  is  heard ;  the 
leaves  immediately  collapse,  and  remain  quiet  for  a  time,  but  soon  recommence  their 
divergence,  untU  another  diischarge  takes  place  between  the  douds,  and  so  on. 

Lightn  ing  assumes  three  different  forms:  the  tig-zap  or  forked  lightning,  the  flash 
or  shett  lightning,  and  the  globe.  The  first  is  like  an  ordinary  electric  spark,  its  sig-zag 
form  being  due  to  the  cause  mentioned  at  page  388 — viz.  that  it  seeks  out  the  path  of 
least  resistance,  striking  from  one  collection  of  watery  particles  in  the  air  to  another ; 
sometimes  in  the  midst  of  its  course  it  divides  into  two  or  even  into  three  branches. 
Wheatstone  has  shown  that  the  duration  of  a  stroke  of  forked  lightning,  like  that  of 
the  common  dectric  fsjpark,  is  less  than  the  millionth  part  of  a  second. 

Sheet -lightning  is  much  more  common  than  forked  lightning.  It  has  neither  the 
whiteness  nor  the  intense  brilliancy  of  the  latter,  but  is  generally  of  a  blue  or  violet 
colour,  sometimes  deep  red;  sometimes  it  seems  to  illuminate  only  the  ed^es  of  a  cloud, 
at  other  times  it  embraces  the  entire  surface  of  the  douds,  and  seems  to  issue  from  the 
midst  of  them,  lighting  up  the  whole  atmosphere.  It  probably  arises  from  a  multitude 
of  minute  discharges  taking  place  simultaneously  between  the  partides  of  a  doud,  or 
between  two  douds  in  the  manner  already  mentioned. 

The  third  kind,  or  globe-lightnings  offers  from  the  other  two  in  duration,  as  well  as 


480 


ELECTRICITY,  ATMOSPHERIC. 


in  pow«r«  being  somednjed  Timblo  for  one,  two,  or  eren  ten  secootlA^  p««inng  from  the 
clouds  to  the  ettirth  at  a  rate  which  the  ejo  can  eonilj  follow.  Itii  form  is  nearlj  spherical ; 
in  fiu!t,  it  constitntes  a  true  ball  of  fire^  which  8ometinif*ii  ffplita  up  into  several  piece* 
as  it  falls,  rebounding  several  tunea  from  the  earth,  sometimes  exploding  with  n  report 
like  the  diftchaiigo  of  sereml  piecea  of  ordnance,  and  scattering  streams  of  fbrked 
lightning  in  ail  directioni.  It  is  less  common  thjm  the  two  former  kinds^  but  appears 
to  be  the  form  which  lightning  generallj  usninefl  when  it  penetrates  into  the  interior 
of  a  building. 

It  is  clear  that  this  form  of  lightning  la  of  Terr  different  natore  from  forked  and 
sheet  lightning ;  in  fact,  it  cannot  be  a  mere  electric  spark*  but  probably  consists  of  a 
portion  of  moiat  air  or  Taponr  condensed  and  strongly  electrified :  in  fact»  a  small  cloud 
charged  so  intensely  as  to  become  luminous.  De  hi  Bive  suggests  that  it  may  contain 
a  mixture  of  air  and  hydrogen  gas,  re^-ulting  from  the  deoomponition  of  aqneons  Tapour 
by  predoua  dectxic  discharges,  and  that  when  it  comes  into  the  line  of  n  stioke  of 
lightning,  or  when  its  own  electric  charge  becomes  high  enough  to  prodaoe  a  spark,  it 
explodes.  The  explanalion  is  not  very  probable:  for  the  electric  discharges  in  the  air^ 
eren  if  they  did  reeolTe  the  aqneoos  Tupour  into  oxygen  and  hydrogen,  would  cause  the 
gases  instantly  to  recombine. 

Thunder  is  the  noise  resulting  fix>m  the  violent  conclusion  of  the  air  attending 
the  electric  discharge.  The  reverberation  or  roll  arises  from  the  manner  in  which  the 
discharge  takes  place^  which,  as  already  obaerved,  is  not  instantaneous,  but  consists  af  a 
gc«at  number  of  comparatively  small  discharges,  sctmetimes  accompanied  by  a  great 
one ;  hut  even  an  instantaneous  lightning-stoke  will  not  generally  pfodnoe  a  mere  in> 
stantancous  report,  because  the  d^erent  parts  of  the  line^  even  when  it  is  Tertical^  and 
still  more  when  it  is  horizontal,  are  situated  at  different  distances  from  the  observer. 
The  reflection  of  the  sound-waves  from  the  donda  doubtless  also  adds  to  the  effect; 
umiiDg  mountains,  the  rcTerberation  is  very  much  increased  l^  the  edioes  thus 
produced. 

Sourct  of  Atmosphtric  Ef^tridt^.^Voltsi  and  Saussnre  attributed  the  electricity  of 
the  atmosphere  to  the  evaporation  of  water  from  the  surface  of  the  earth.  Pouillet 
took  a  aimilar  view,  excepting  that  he  regarded  the  electric  charge  as  arising,  not  from 
the  mere  evaporation  of  the  water,  but  from  the  decomposition  of  a  saline  solution^vis. 
sea-water,  the  water  escaping  in  vapour  and  the  sail  remainiDg  behind.  We  have  seen, 
however  (p.  429)^  that  it  is  only  when  the  evaporation  is  reiy  rapid,  that  any  signs  of 
electricity  can  b©  than  obtained,  as,  when  it  takes  place  slowly,  the  separated  electricities 
have  time  to  reccmbine  before  the  water  escapes. 

It  seems  necessary,  therefore,  to  took  to  some  more  general  cause  for  the  development 
of  atmospheric  electricity.  The  action  of  the  sun  upon  the  atmosphere,  and  the  con- 
sequent tineqiial  distribution  of  tempemture  therein,  has  been  suggested  as  a  canae ; 
but  we  have  no  proof  that  gases  and  vapours  exhibit  the  slightest  trace  of  thermo- 
electricity. 

De  la  Rive  ascribes  the  electric  charge  of  the  atmosphere  to  chemical  action  taking 
pbce  on  the  inner  sarf*ice  of  the  solid  cnwt  of  the  earth,  where  it  is  in  contact  with 
the  internal  incandescent  mass,  this  action  proceeding  partly  from  local  causes,  hut 
chiefly  from  the  infiltration  of  sea-water^  in  consequence  of  which  the  water  acquires  a 
positive,  the  solid  part  of  the  earth  a  negative  charge  (p,  414).  The  whole  mass  of 
sea- water  thus  becoming  positive,  the  vapours  which  rise  from  it  are  also  positive,  and 
eommnnicate  a  positive  charge  to  the  atmosphere.  This  e^nporation  takes  place  over 
the  whole  snrface  of  the  ocean,  but  most  abundantly  in  the  tropical  regions ;  and  the 
positively-charged  ts pours  rising  at  first  in  these  reqtions  more  or  lees  vertically,  are 
afberwardt  carried  away  towards  the  poles  by  the  tropical  cwnvnt  (the  return  trade- 
wind)  in  the  higher  regions  of  the  atmosphere.  This  current,  travelling  at  firet  hori- 
son  tally,  bends  down  more  and  more  to  the  earth  as  it  approach<>e  the  poles^  and 
becomes  cooler;  and  in  the  polar  regions  themselvee  it  comes  nearly  down  to  the  nega- 
tively-charged snrface  of  the  earth,  whence  results  a  discharge  of  electricity,  con- 
stititting  the  aurxtra  borralts  or  avstraJis. 

The  greater  amount  of  evaporation  taking  place  in  the  hemisphere  in  which  the  sun  is 
sitoated,  accounts  for  the  greater  prevalence  of  sterma  during  summer ;  in  winter,  on 
the  other  hand,  the  poaitively-chaiged  vapours  descend  nearer  to  the  ground ;  b<»ncc 
the  greater  intensity  of  the  permanent  charge  of  the  atmosphere  during  the  winter 
months. 

The  solid  cnist  of  the  earth  being  negative,  the  vapours  rising  from  it  and  from 
ponds  and  rivers  on  its  surface  must  also  be  negative.  This  is  nnothcr  cause  of  Ihc 
diminution  of  the  permanent  positive  charge  of  the  atmosphere  in  summer,  and  like- 
wise accounts  for  the  formab'on  of  negative  clouds.  As  these  negative  clouds  play  a 
considemblo  part  in  the  produetion  of  thunderstorms,  the  occurrence  of  a  greater  unmber 
of  storms  during  the  summer  season  in  temperate  climates  is  easily  aoeounted  for;  in  the 
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tropical  regions,  where  eraporation  from  the  surface  of  the  ground  is  more  abundant^ 
ana  goes  on  at  much  the  same  rate  all  the  year  through,  storms  are  of  constant  occur- 
rence. Over  large  expanses  of  water,  such  as  the  great  oceans,  at  a  long  distance  from 
land,  thunderstorms  rarely  occur,  because  no  negatiyely-charged  vapours  are  poured 
into  the  atmosphere. 

That  the  water  of  the  ocean  and  the  solid  crust  of  the  earth  are  actually  in  opposite 
electrical  states  has  been  proved  by  the  observations  of  Peltier  (Ann.  Ch.  Phys.  [3] 
iv.  386),  and  of  Becquerel  (CompL  rend.  xlii.  661)  ;  this  opposition  of  electric  states 
likewise  accounts  for  the  fact  that  the  air  is  positive  in  immediate  contact  with  the 
eorface  of  the  sea,  whereas  over  planes  far  from  the  sea,  the  positive  charge  shows 
itself  above  a  certain  height  only. 

The  development  of  electricity  by  the  chemical  action  of  sea-water  on  the  fused 
matter  below  the  solid  crust  of  the  earth  appears  also  to  be  the  origin  of  the  intense 
signs  of  electric  action  which  usually  accompany  volcanic  eruptions.  In  the  eruption 
of  Vesuvius  in  1794,  clouds  were  emitted  which  gave  out  flashes  of  lightning,  accom- 
panied by  loud  peals  of  thunder,  and  many  houses  were  struck  by  the  lightning.  The 
observations  of  Palmieri  (Arch,  des  Sc.  Phys.  xxxvi.  106)  have  shown  that  the 
vapours  emitted  fix>m  the  crater  of  Vesuvius  are  charged  with  positive  electricity. 


The  terminals,  metallic  or  otherwise,  which  convey  an  electric 
current  into  a  liquid  (p.  432). 


ICTSO-BTWAMZCS.  The  science  which  treats  of  the  mutual  action  of 
electric  currents,  and  of  electric  currents  and  magnets  (pp.  442,  446). 

B&BCTXO&TSZS.    Decomposition  by  electricity  (pp.  397,  432). 

ra.  A  compound  liquid  decomposible  by  electricity  (pp.  397,  432). 

tO-aCAOWXTZBM.    The  branch  of  electro-dynamics  which  treats  of  the 
mutual  action  of  the  magnet  and  the  electric  current 

B&BCT&OMBTSS*  An  instrument  for  measuring  the  strength  or  degree  of  the 
electric  charge  of  a  body  (p.  330). 

BUBCTBO-MOTZVB  VOSCB.  This  term,  originally  employed  by  Volta  to 
signify  the  force  which,  as  he  supposed,  gave  rise  to  the  separation  of  the  two  electrici- 
ties at  the  point  of  contact  of  two  dissimilar  metals,  is  now  applied  to  any  source  of 
electric  excitement  whatever,  but  is  used  for  the  most  part  in  speaking  of  arrange- 
ments which  generate  a  continuous  current  of  electricity. 

B&BCT&OMOTOS.  Any  arrangement  by  which  a  current  of  electricity  la 
generated. 

BZACTSO«WSCI ATI VB  and  BXiBCTRO-POSlTI VS.  Terms  used  to 
denote  the  relative  position  of  bodies  in  the  electric  series  (p.  432). 

BXiSCTBO«BZTBOOVBBT8«  Alloys  of  Ammonium.  Many  metallic  salts — as 
those  of  gold,  silver,  cadmium,  &c.  —  when  electrolysed  in  presence  of  ammoniacal 
salts,  yield  at  the  negative  electrode,  metallic  deposits  containing  nitrogen,  which  have 
not  been  accurately  investigated,  but  are  supposed  by  Grove  (Phil.  Mag.  [4]  xix. 
19)  to  be  ammonium-compounds. 

BCTBOPBOBV8.     See  page  386. 

BCTBO-PlkATZirO.  The  coating  of  metals  with  silver  by  electrolysis.  (See 
Ur^8  Dictionary  of  Arts^  Manufactures^  and  Mines,  art.  Electbo-metallueoy, 
ii.  95.) 

B1U8CTBOSCOPB.  An  instrument  for  detecting  the  existence  of  an  electric 
charge,  and  indicating  its  nature,  whether  positive  or  negative  (pp.  380,  424). 

B&BCTBOTTPB.  The  deposition  of  metals  in  the  compact  state  by  electrolysis, 
80  as  to  form  casts  or  models.  (See  Ure^s  Dictionary  of  Arts,  Manufactures,  and 
Mines,  art.  Elbctho-mbtalluroy.) 

B3kECTBiniS.  A  term  applied  to  those  native  alloys  of  gold  and  silver,  which 
contain  sufficient  silver  to  make  their  colour  perceptibly  lighter  and  their  specific 
gravity  considerably  less  than  that  of  pure  gold,  llausmann  {Handh.  d.  Miner,  ii. 
25)  applied  it  to  such  as  contain  from  20  to  60  per  cent,  silver.  According  to 
C.  Rammelsberg,  alloys  containing  not  more  than  20  per  cent,  silver  are  completely 
decomposed  by  nitro-muriatic  acid,  whereas  those  which  are  richer  in  silver,  do  not 
readily  yield  up  their  gold  to  that  reagent,  Ikfore  the  blowpipe,  gold  containing 
silver  yields  an  opalescent  glass  with  phosphorus-salt ;  a  larger  proportion  of  silver 
renders  the  gloss  yellow  and  opaque. 
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aeXiSllEEK'TAST  ikjrA.XiTSZS.     S<M>  Anaxtsis,  Obgakic  (L  226)» 

£&S3tfEirTB.  Efemmtartf  Bodies.  Shnple  Sitbstancet,  Grundstoffk,  TJrttofft^ 
By  tlieMt-  ttrras  we  undcTstand  substances  which  cssnot  be,  or  rather  nrhich  hare  nat 
hitherto  been,  resolved  into  more  siraple  forms  of  mfltter.  To  the  list  of  elementiiry 
bodies  given  m  the  RTticle  Atomic  Wi;iGHTa  (i.  465),  wc  rau^t  now  add  three,  dis- 
eovered  since  that  article  waa  wTitten,  viz.  Cajsium  and  Kubidinm,  disoovcred  by 
Bunsen,  and  Thallium,  \yy  Crookea  The  number  of  elements  at  present  known  with 
certainty  is  02  ;  two  olhers.  I)  ionium  (p.  318)  and  Norium,  majrbe  mentioned  as  of 
uncertstn  existence.  The  list  w\\\  douhtless  be  increased  bj  future  research es,  especiaDy 
by  the  now  method  of  spectrum  analysis,  which  has  idresidy  led  to  the  discovery  of 
the  thi^e  clementa  above  mcntioocd,  csesium,  rubi<lium«  and  thalHum.  But  it  is 
scarcely  pa^bable  that  any  element  existing  in  considerable  quantity  in  the  eartli's 
cmfit  yet  remains  to  be  diseovcred.  The  ek^menta  which  constitute  the  great  mass  of 
theeartli'scruatare,  indeed,  comparatively  few,  viz.  aluminium^  calcium^  carbon^  chlorinr^ 
htfdrogen^  mognemumy  ory^en,  potassium^  ailicium,  xodium^  sulphur.  The  last  of  th<s« 
luut  been  known  from  the  remotest  times*  and  the  rest  were  diBcovered  in  the  early 
days  of  modem  chcmisfry.  The  more  abundant  metals,  iron,  copper,  lead*  which 
oecar  ehieliy  in  veins  in  the  older  rocks,  hare  likewise  been  known  from  remote 
aniiqiiUy«  Moat  of  the  other  elements,  the  discovery  of  which  is  of  compamtively 
re^'erit  date,  occur  but  sparinp;ly,  and  many  of  them  only  in  extremely  small  quantity, 
If,  fj,  (horinm,  tantulum^  tdlurium^  ruthmium^  apsium^  and  ruhidhtm. 

The  uli-ments  are  usually  divided  into  two  classes,  Metals  and  MetalloTdfi,  which, 
however,  like  moet  divisions  of  natural  objects,  blend  into  each  other  by  int^ensible 
de^rrees.  The  metals  for  the  mo«t  part  fono  basic  oxides ;  the  metaUoids,  acid  f>r 
iiidifTerent  oxides.  The  compounds  of  metals  with  each  other  possess  tbo  metallic 
lustre ;  those  of  metalloids  with  one  another,  or  with  the  metals,  do  not  for  the  most 
part,  c-xhibit  that  lustre. 

The  elcmpnts  may  lie  dirided  into  groups  or  families  resemblmg  one  another  more 
or  less  in  their  chemical  characters  and  crystalline  forms  (see  Isomorptusm).  The 
members  of  the  same  group  generally  occur  together  in  nature ;  and  minerals  contain- 
ing one  of  them*  as  principal  constituent^  usually  contain  also  small  quantitiea  of  the 
other  elements  of  the  came  group.     Kxamples  of  these  groups  are  :  — 


Oxygen  Chlorine  Nitrogen  Chromium 

Sulphur         Bromine  Phosphorus  Vanadium 

Selenium        Iodine  Arsenic  Molybdenum 

Tellurium       Fluorine  Antimony  Tungsten 

Cerium  Iron  Cadmium  Potassium 

Lanthanum      Cobalt         Zinc  fkniinm 

Bidyraium       Nickel  LitJiium 

Manganese  Cesium 

Rubidium 


Silicium 
Titanium 
Tantahim 
Niobium 


Barium 
Strontium 
Calciuui 
Maguefiium 


Platinum 

Palladium 

jRhodinm 

Iridium 

Rutbeuium 

Osmium 


Many  of  the  elements  which  resemble  one  another  closely  in  their  chemical  relations, 
have  also  nearly  equal  atomic  weii^hts,  r,  q,  iron,  manganea*^  cobalt  and  nickel ;  cerium 
and  lanthanum  ;  platinum  and  iridium  ;  rliodium  and  ruthenium^  On  the  other  bund^ 
instances  of  thia  equality  of  utoraic  weights  exist  between  elemeutii  which  exhibii  no 
Buch  peeemblauce  of  propertie^ii,  r.^.  molyMenura  and  cerium;  osmium  and  mercury; 
tantalum,  vamidium,  and  barium. 

The  members  of  some  of  the  preceding  groups  ex]iiT>it  nearly  equal  diflfiprences 
in  their  atomic  weiglits.  Thim  a  dilTerence  of  24  is  exhibited  by  the  atomic  weights  of 
calcium  20,  strontium  44,  and  barium  68  ;  a  difference  of  48  by  sulphur  32,  selenium 
80,  and  tellurium  1*28  ;  of  16,  by  lithium  7*  sodium  23»  and  potassium  39,.  The 
atomic  weights  of  other  groups  exhibit  nearly  equal  differences^  e,  g.  chlorine  355, 
bromine  80*4,  and  iodine  127  0  ;  also  phosphorus  31,  ar»enic  76>  and  antimony  120. 

Other  relations  between  the  atomic  wei^hfii  of  elements  havn  l"»een  point^  out  by 
Kreiuers  (Pogg.  Ann.  Ixxxv.  56) ;  Low  (Sill.  Am.  J.  [2]  xvii.  387)  ;  Lenssen  (Ann. 
Ch.  Pharm,  ciii.  121);  Gladstone  (Phil  Mag.  [4]  v.  313);  and  Dumas  (Aim.  Ch. 
Phfimv  cv.  74 ;  cviii,  324). 

SKBMI.  A  resin  of  which  several  kinds  occur  in  commerce.  Ordinary  op  W«st 
Indian  elemi,  Elrm  tK^cf'dtnfafr^  is  said  to  be  the  produce  of  Icjca  icicnrifm^  Bec- 
{Amarys  clrtnifcra,  L.);  East  Indian  elemi,  Eletni  orientale^  which  is  more  esteeme^i, 
but  rarely  met  with,  is  said  to  be  obtained  from  AmnrtfB  cei/toniea  or  Balsa motirfidron 
ert/hnkum,  Kuuth,  Acconling  to  T*an Jen^r,  an  African  elemi,  Eft^U  {tgyptiacum,  f^ 
ffthiopicuiff,  is  sometimes  sold  at  SmjTna  and  Constantinople:  it  is  said  to  be  imported 
from  Nubia  and  Egypt,  and  is  perhaps  the  produce  of  £7ce^ntu  korUnsis^ 
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Gommon  elemi  fonns  more  or  less  translucent  masses,  having  a  fatty  lustre  and 
yellowish  or  brownish -yellow  colour ;  it  is  soft  when  fresh,  but  gradually  hardens.  It 
shines  in  the  dark  when  rubbed  or  warmed.  It  is  chiefly  used  as  an  ingredient  of 
Tarnishes,  especially  of  spirit  and  turpentine  varnishes,  which  it  prevents  from  cracking 
aa  they  dry. 

Elemi  resin  is  a  mixture  of  an  amorphous  acid  resin  easily  soluble  in  cold  alcohol 
and  a  ciystallisable  indiJSerent  resin,  soluble  in  cold,  and  sparingly  soluble  in  boiling 
alcohol,  together  with  variable  quantities  of  a  volatile  oil,  and  foreign  matters,  including 
aah  (2  or  3  per  cent.^ 

The  resin  soluble  in  cold  alcohol  contains,  according  to  Johnston  (Ann.  Ch.  Pharm. 
zliv..338),  78'7  per  cent,  carbon  and  10-6  hydrogen,  agreeing  nearly  with  the  formula 
C*/P'0^,  or  C^H^O' ;  this  substance  forms  about  2  of  the  entire  resin. 

When  the  remaining  portion  of  the  resin  is  boiled  with  alcohol,  and  the  solution 
left  to  evaporate,  a  considerable  quantity  of  a  crystalline  resin  is  deposited,  which  may 
be  purifiwi  by  repeated  crystalUsation  from  alcohol.  It  forms  a  white  confusedly 
crystallised  mass,  perfectly  soluble  in  strong  boiling  alcohol,  and  forming  a  solution 
neutral  to  litmus  paper. 

According  to  analyses  by  H.  Rose  (Ann.  Ch.  Pharm.  xxxii  93;  xl.  307),  and 
Johnston  {loc.  cU.\  this  crystalline  resin  appears  to  have  the  composition  C**H^O\ 
those  of  Hess  (Ann.  Ch.  Pharm.  xxix.  139)  agree  rather  with  the  formula  C*^H^C^  or 
C*H*^0,  which  is  more  probable. 

Hesc.  Rom.  Jobntton. 

C»  .         .         .  240  .         .  83-3  .         .  83-8  .         .81-7     84-5  .         .  86-2 

H«.         .         .     32  .         .  Ill  .         .  11-6  .         .  11-2     12-8  .         .  11-9 

O     .         .         .J£.         .     6-6  .         .     4-7  .         .     71       2-7  .         .     29 
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The  analyses  agree  nearly  with  that  of  the  constituent  of  anime  resin,  examined 
by  I^aurent,  and  with  that  of  arbol-a-brea  resin,  analysed  by  D  u  m  a  s.  (Baup's  amyrin, 
>.  364.) 

The  alcoholic  solution  of  elemi  resin  is  not  clouded  by  alcoholic  potash,  but  is  pre- 
cipitated by  aqueous  potash.  Ammonia  added  to  the  alcoholic  solution  converts  it 
into  a  gelatinous  mass.  The  alcoholic  solution  is  not  precipitated  by  alcoholic  acetate 
of  lead  or  nitrate  of  silver,  even  the  addition  of  a  drop  of  ammonia  causing  no  precipi- 
tate, but  only  a  slight  turbidity. 

Crystallised  elemi  resin  is  decomposed  and  charred  by  dry  distillation,  yielding  first 
a  viscid,  brown,  acid  oil,  having  an  agreeable  odour,  afterwards  a  black,  disagreeably 
smelling  tar. 

Oil  of  Elemi, — Memin.  Elemi  resin  distilled  with  water  yields  a  transparent 
colourless  oil,  having  the  composition  of  a  camphcne,  C**H*'.  It  has  an  agreeable 
odour  like  that  of  the  resin,  and  a  faint  taste.  Specific  gravity  «  0'852  at  24^^  C. 
(Stenhouse),  0849  at  11°  C.  (Deville).  Boiling  point  166°  C.  (Stenhouse), 
174°  C.  (Deville).  Vapour-density  «  40.  Index  of  refraction  «=  1*47  at  14°  C. 
(Deville).     Optical  rotatory  power,  90°  30'. 

Oil  of  elemi  is  insoluble  in  water,  but  easily  soluble  in  alcohol  and  ether.  With 
hydrochloric  acid,  it  forms  two  isomeric  compounds,  C**H'*.HC1,  one  solid,  the  other 
liquid  ;  the  solid  compound  is  optically  inactive.  With  iodine,  nitric  acid,  and  sul- 
phuric acid,  oil  of  elemi  behaves  like  oil  of  turpentine  ;  it  is  also  similarly  affected  by 
heat  The  proportion  of  volatile  oil  in  the  resin  probably  varies  according  to  its  age. 
Bonastro  found  12*6  per  cent.,  Stenhouse  only  3*5  per  cent,  oil;  good  elemi  resin  con- 
tains, according  to  Deville,  more  than  13  per  cent.  oil.  (Stenhouse,  Ann.  Ch.  Pharm. 
XXXV.  304  ;  Deville,  ibid,  Ixxi.  362.) 

MMbMMXM*    Syn.  with  Oil  of  Elemi. 

a&SFBAVT*8  T£k,T,  according  to  Filhol  and  Joly  (Compt.  rend.  xxxv.  393), 
is  white,  soft,  inodorous,  melts  at  28°  C,  contains  79  pts.  liquid,  and  21  pts.  solid  &t 
(stearin  and  palmitin) :  the  liquid  fat  is  easily  soluble  in  alcohol,  does  not  dry  up  on 
exposure  to  the  air,  and  is  not  solidified  by  hyponitric  acid. 

a&BVBAVX*8  xraJM^  according  toBrandes  (Arch.  Pharm.  xviii.  64),  con- 
tains hippuric  acid  and  urea,  together  with  alkaline  and  earthy  phosphates  and  car- 
bonates.    Purree  or  Indian  yellow  is  said  to  be  formed  from  elephant's  urine. 

XUTOTASITBa  A  name  sometimes  applied  to  the  allophane  of  Friesdorf,  near 
Bonn. 

B&XQVATIOW.  An  operation  by  which  a  more  fusible  substance  is  separated 
from  another  which  is  less  fusible,  namely,  by  the  application  of  a  degree  of  heat 
soiBcient  to  melt  the  former,  but  not  the  latter.    (See  Cofpbb,  p.  32.) 
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EXfZiLSXTa*  A  mineral  consisting  of  hydrutcd  tiranic  oxide,  mixed  with  serOTal 
foreitrn  substancea,  but  forming,  uncording  to  W.  Iluidinger,  a  distinct  «pectes.  It 
occurs  in  the  Elias  mine,  near  Joachimstlial,  in  Boliemiti,  in  tturtened  pieces  of  a  diirk 
reddiflli-browii  colour*  trunsluiMot  on  the  ©tlges,  and  with  a  wojty  instre.  It  is  brittle^ 
hiis  a  sprsoilie  grjinty  >=  4129*  and  han3n*?ft8=3  5.  According  toRagsk  y's  nnulysii 
(Kmttpotfs  Uel>ersicht,  1862,  p.  %\\  it  contains  61  38  per  cent  U^O',  10  6S  II-O,  1  17 
APOV6-63  IVO*,  \m  Fe=0,  309  Ca^O,  2  20  MgK>.  4-62  PbO,  613  SiO».  252  CO*. 
0-84  F'D*.  and  a  tniee  of  (irsenic.  Tho  carbonic  a«:id  is  perhaps  combined  with  the 
lime  and  niagnt^sin,  making  up  6'7  per  cent. 

Btemrdie  anW,— C'*H-0'  ^  (^"^*^2^|o»     In  the  crys- 

tallised  srrtte,  C'*H'0«.2H'0.  (Cherreiil  [1815],  Ann.  Ch.Fhj3.[2]  ix.  629.  isra- 
connot^T^iW.  187-  Pelonee,  ibid.  liv.  367.  Taylor,  PliiL  Mag.  [3]  xiir*  354. 
Lipowitz,  Sirnon'g  Beitrdgt  zur,  physiol,  u.  pathoi.  Chende.  i.  464,  Wohleraud 
Mcrklein.  Ann.  Ch.  Phami.  Iv.  129.) 

MLigic  acid  exiatJB  as  a  constitnent  of  certain  animal  conrretions ;  it  is  also  a  pro- 
duct of  tho  dceont position  of  gallic  acid.  According  to  Cberreul^  when  a  solution  of 
gall-nuta  m  exposed  to  the  ain  a  gp-fj  powder  is  deposited,  Thia  is  exhausted  by  boil- 
ing wat^r,  which  extracts  gallic  acid  ;  ilie  reaidne  is  treated  with,  potash,  and  tho 
el  logic  iicid  tht-reby  dissolved,  is  precipitated  by  a  mineral  acid. 

The  acid  is  contained  in  largcet  quantities  in  certain  animal  concretions  cAlled 
oriental  bezoars.     They  arc  found  of  different  sizes,  from  that  of  a  bean  to  that  of  an 

To  ohtain  the  acid,  the  hezoars  are  diBsoked  in  strong  caustic  potash,  care  being 
taken  not  to  heat  the  mixture,  and  to  prevent  acc^»s  of  air  aa  much  as  possible.  As 
fsoon  aa  the  whole  is  dissolved,  a  current  of  ciu-bonic  acid  is  passed  through  the  clear 
liquid.  In  thift  way.ellagate  of  potassium  is  precipitated  as  a  whitish  powder.  It  is 
filtered,  washed,  and  pressed,  recrystalHsed  from  boiling  water,  and  the  acid  is  sepa- 
rated by  throwinj^  the  solution  into  concentrated  hydrochloric  acid. 

Pure  ellagic  acid  is  a  light,  pale  yellow,  ta.skdcfis  powder,  seen  under  the  microscope 
to  consist  of  transparent  prisma.  At  an  elevated  temperature,  it  dtJCompofMjs  without 
melting,  and  the  carbonised  mass  is  covered  with  crystals.  It  is  insoluble  in  water, 
but  dissolves  in  alcohol  to  a  pale  yellow  liquid,  having  a  alight  acid  reaction.  It  givea 
off  2  at.  of  water,  at  100^  C. 

Sufphuric  acid  dissolves  ellagic  acid  withotit  alteration;  water  precipitates  it  un- 
changed. Ni'fric  acid  converts  it  into  oxalic  acid.  Iodic  acid  converts  it  into  a  pecu- 
liar acid,  with  rapid  evolution  of  carbonic  acid,  and  Gcpamtion  of  iodine*  A  neutral 
aqueous  solution  of/trric  chloride  is  coloured  by  ellagic  acid,  greenish  at  first,  but 
ultimately  b^^eomes  blmsh- black  and  opaque,  like  ink,  the  solution  then  cont^dning 
ferrof«o-ferric  salts, 

Tbi}  ell  agates  are  little  known  ;  mnny  of  them  appear  to  be  basic  salts. 

Foi^tssium-aaiL  C*^ll*K^O".  A  light  powder,  eonsLsting  of  microscopic  prisms. 
Another  salt  is  obtained  as  grey  pon-der,  consisting  of  microscopic  crystals,  by  digesting 
ellagate  of  pot&ssium  in  alcoholic  potash.  It  ^pean  to  be  a  basic  salt  C^^H*K^O*. 
KHO. 

A  Boktion  of  ellagic  acid  io  moderately  strif^ng  potash  exposed  to  the  air.  irmdnally 
changes  coloufi  and  deposits  dull-black  crj'stals.  Wohler  and  Merklcin  call  ihi.'*  body 
^Imt'Cotm^fanatt  of  potassium.  When  it  is  boiled  with  water,  etiagiite  of  potji^jitum  is 
reproduced.  The  composition  of  the  salt  is  rcpr»^sentod  to  br*  C''H^K^O\  which  apfH'urs 
improbable,  from  the  fact  of  the  regeneration  of  cDagic  acid  by  water.  Besides  gluueo- 
tnelonatei,  the  solution  contains  carbonate,  oxnlato,  and  another  soluble  potassium- 
■alt. 

^lagaU  of  Sodium^  C^*H*Nft'0',  is  a  paleyeUow  crystalline  powder,  less  soluble  than 
the  potassium  suit. 

Barium-salt.   C"H*Ba^O**BttHO.     Inaolulie  leraon-yellow  compound. 

Lrad-salt  C'*H*Ph*0'  +  Pb^O,  Amorphous  yellow  precipitate,  which  by  drying 
becomes  olive  green,  E.  A. 

BIkirrRXATXOir.  The  separation  of  the  lighter  from  the  heavier  pHrtidos  of  a 
piilvertdent  mixtiirti  by  washing. 

SMBOX.XTE,  A  chloro-bromido  of  silver.  A^Br^Cl*,  found  abundjuitly  in  Chile 
also  at  Eulaljii  in  Chilmaliujt,  Mexico,  and  at  Colnla»  Honduras.  It  occurs  crystal- 
lised in  cubes  and  cuho-oetabedrons ;  abo  majtaive.  Specific  gravity  o'3l— 643 
(Domcyko),  5  53  (Yorko),  5  81  (Breithnupt).  Hardness  ^  1—1-5,  It  ia  p*r- 
fectly  miiUeable;  has  a  resinons  and  somewhat  adamantine  lustre,  and  varies  in  colour 
from  rtsparrtpU5-preen  to  pistachio,  olive,  and  greyish-green.  Piatt ner  (Pogg.  Ann. 
Ixxvii.  131)  found  in  it  66'8fJ  per  cent,  silver,  20*09  bromine,  and  13*05  chlorine,  the 
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fbrmnla  requiring  67*0  Ag,  19*8  Br,  and  13-2  CI.  Domeyko  {^Etcmentos  de  Mine" 
rahgia,  1845,  p.  203)  found  610  and  628  per  cent.  AgCl;  490  and  472  AgBr. 
Yorke  (Chem.  Soc.  Qu.  J.  iv.  2)  found  63*2  AgCl  and  468  AgBr. 

BBKBSZTBZTB.  Breithaupt's  name  for  a  sulphantimonite  of  lead  ^m  Kert- 
sehinak,  of  specific  gravity  6*3,  containing  63*3  per  cent  lead,  08  copper,  0*04 
nlrer ;  probably  identical  with  Boulangerite. 

BM*^^ ''-'**  The  bright  green  transparent  variety  of  beryl  (i.  681),  much  prized 
as  a  gem.  The  colour  is  usually  attributed  to  oxide  of  chromium,  of  which  Vauquelin 
found  3-60,  and  Klappoth  6-30  per  cent  in  emeralds  from  Santa  Fe  de  Bogota. 
Lewy,  however  (Ann.  Ch.  Phys.  [3]  liii.  3),  found  that  an  emerald  from  the  same 
locality  contained  only  a  trace  of  chromic  oxide,  and  was  rendered  quit*  colourless  by 
ignition.  Hence  he  attributes  the  green  colour  to  organic  matter,  which,  according  to 
his  analysis,  exists  in  the  mineral  to  the  amount  of  0*12  per  cent,  going  off  at  a  red 
heat,  together  with  1*66  per  cent  water.  According  to  Hofmeister,  on  the  other 
hand  (J.  pr.  Chem.  Ixxvi.  1),  emeralds  (from  the  Pinzgau)  retain  their  colour  after 
ignition.  The  analyses  of  the  (ignited)  emerald  by  Lewy  and  Hofmeister  are  as 
follows :  — 

SiO«       A1*0«      GTO      Cr«0«    iVO«     Ca«0   Mg'O    Na«0 

67-86       17-96       12-40       trace      .     .        .     .       0-90       070  =  9980.     Lewy. 

86-22       16-36       1279       .     .       163       0*78      083       .     .  «  98-61.     Hofmeister. 


XmXAXiB  VZCKBJb.  A  native  hydrocarbonate  of  nickel  (See  Carbonates, 
I  789.) 

BBCntAXiBXVBf  or  Aniline-green,    See  Dtsino  (p.  368). 

WBKMKTm  The  opaque  crystallo-granular  variety  of  corundum  fp.  86),  used  for 
grinding,  cutting,  and  polishing  glass,  metals,  enamels,  and  other  hard  substances. 
(See  Ur<^8  Dictionary  of  ArU^  Manu/aciures,  and  Afines^  i,  121.) 

SKSSTXiZTB.     Syn.  with  Maboartte. 

JUMLUTIVB.  An  alkaloid  which  forms  the  active  principle  of  ipecacuanha  root 
It  was  discovered  in  1807  by  Pelletier  and  Magendie  (Ann.  Ch.  Phys.  [2]  iv.  172) 
and  further  examined  by  Buchner  (Repert  Pharm.  vii.  289),  and  by  Dumas  and 
Pelletier  (Ann.  Ch.  Phys.  [2]  xxiv.  180),  who  give  the  following  process  for  ob- 
taining it :  — 

The  powder  of  ipecacuanha  is  digested  in  water  with  calcined  magnesia ;  the  de- 
posit is  thrown  on  a  filter,  washed  carefully  with  very  cold  water,  and  dried  ;  and  the 
emetine  is  then  taken  up  by  alcohol  It  may  be  afterwards  combined  with  an  acid, 
and  the  salt  may  be  purified  with  animal  charcoal  When  the  emetine  is  once  more 
thrown  down  by  magnesia,  alcohol  redissolves  it  in  a  colourless  state. 

Emetine  thus  obtained  is  yellowish-white,  pulverulent,  and  is  but  slightly  coloured 
by  exposure  to  the  air.  It  is  little  soluble  in  cold  wat<^r,  and  somewhat  more  so  in  hoi 
water.  It  melts  about  60^  C.  It  is  very  soluble  in  alcohol,  but  not  in  ether  or  in  oils.  Its 
constituents  are,  carbon  64-67  p.  c,  nitrogen  4*30,  hydrogen  7-77,  oxygen  23*36  (Dumas 
and  Pelletier).  Emetine  is  highly  alkaline,  though  acids  saturated  with  it  do  not 
afford  crystallisable  compounds.  Gallic  acid  and  nut-galls  form  with  it  very  abun- 
dant white  precipitates.     Basic  acetate  of  lead  has  no  effect  on  it 

Strong  nitric  acid  transforms  emetine  into  a  yellow  resinous  substance,  and  oxalic  acid. 

Emetine  taken  internally  excites  vomiting,  3  milligrammes  being  sufficient  to  pro- 
duce this  effect 

The  oxalate  and  tartrate  of  emetine  are  very  soluble  in  water.  The  chloromercurats 
and  ckloroplatinate  are  very  sparingly'  soluble.  The  gallotannate  is  a  white  flocculent 
precipitate,  soluble  in  alkalis ;  it  is  neither  emetic  nor  poisonous. 

BBOKOVXra.  Syn.  of  Stbontiakxtb,  or  native  Cabbonatb  of  Strontiuic 
(I  797). 

BMOSXV.  C**H"*0". — A  constituent  of  rhubarb  root,  discovered  by  "Warren 
De  la  Rue  and  Hugo  Miiller  (Chem.  Soc.  Qu.  J.  x.  304).  When  crude chrysophanic 
acid,  obtained  as  described  at  p.  969,  vol.  i.,  by  treating  the  root  with  benzene,  is  redis- 
solved  in  hot  benzene,  emodin  remains  behind,  in  the  form  of  a  reddish-yellow  substance, 
an  additional  quantity  seoarating  from  the  solution  as  it  cools.  It  may  be  purified  by 
crystallisation  from  hot  glacial  acetic  acid,  and  afterwards  from  boiling  alcohol. 

Emodin  thus  prepared  crystallises  in  long,  brittle,  concentrically-grouped  monoclinic 
prisms  of  a  deep  orange-red  colour.  It  melts  above  260°  C,  a  small  portion  volati- 
lising at  the  same  time  undecomposed.  Chemically  it  resembles  chrysophanic  acid, 
but  is  much  more  soluble  in  alcohol  glacial  acetic  acid,  and  am^lic  alcohol,  lest 
■olnble  in  benzene.    With  caustic  alkalis,  it  behaves  like  chrysophanic  acid. 
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JUtnnAin  girfs  hj  comhttstlon  66'63  per  cent  carbon  and  4*10  hydrogiet], 


C'H-O"  \ 


i  C,  and  ■ 


I  empiricail  formula  i 

Cu'BiS'  or  CcnbiS*. — A  miDeral  from  Taimeiibftam  in  t2ie 
Erzgebiig,  cooUktning  18'83  percent,  sulphur,  62*6  bifimuth,  and  18*72eopp^;  fbrming 
needle-shaped  rhombic  ctjbUIb  of  light  grey  to  tin-white  colour  and  metallic  Itistw. 
(Schneider,  Pogg.  Ann.  mc  106. — Dauber^  «*w/.  xcii,  24L— Kenngott^  UtbertichL 
1853,  p,  126.) 

BMPTHEtTMA*  The  peculiar  small  prodaeed  by  distilling  regetable  or  ftnimAl 
liubst-ancc^  in  cloyed  veaseb,  or  by  baming  anch  substance*  with  imperfect  access  of 
air. 

WMLUJmBtC  ACID.  An  acid  said  to  be  formed  by  boiling  emnlsiii  with  alkalis, 
ammouiii  b(nng  giv^n  off  at  the  eamft  time.     (Thomson  and  Richardson.) 

SBCU^SOr.     S^aptate.     (Robiqnet,  J.  Pharm.  xxiv.   326, ^Thomson  and 

Riehardaon,  ^Vnn.'Ck  Pharm.  xxix  180.— Ortloff;  Arch.  Pharm,  xlviii.  16 ^Bnll, 

Ann,  Ch.  Pharm.  btir.  146.) — ^A  neutral  substance  contained  in  sweet  and  in  bitter 
almonds,  and  pofwessing  the  power  of  acting  as  a  ferment  on  the  amygdalin  of  the  latter 
in  piresence  of  water,  conrcrtlng  it  into  hydride  of  beiiZ4:>yl^  hydrocyanic  add,  and  gin* 
eoM  (L  392). 

To  obtain  emulsin,  sweet  almond  paste,  weU  freed  frxim  fixed  oil^  is  macerated  in 
tliree  times  its  weight  of  pure  water,  the  mass  is  pressed,  and  the  emulsion  thus  ob- 
tained is  left  to  itself  at  20^  or  25^  C.  After  the  lanae  of  a  day,  the  emulsion  is  found 
to  hare  sejjarated  into  two  layera,  the  upper  of  whidi  ii  coagulated,  and  loolcs  lilcs 
cream,  while  the  lower  is  wateiy  and  transparent.  After  two  or  three  days,  this  watery 
liquid  no  longer  gives  a  precipitate  of  casein  with  acetic  acid,  but  it  forms  with  al- 
cohol a  precipitate  perfectly  solijbJe  in  water.  This  last  precipitate  consists  of  emul- 
sin ;  after  being  washed  with  absolute  alcohol  and  dried  m  vacuo  over  sulphuric  acid, 
it  forms  a  white,  opaqoe,  fr^ble  mass,  soluble  in  water.  It  is  difficult,  however,  to 
obtain  emulsin  quite  free  fr^m  colouring  matter,  the  process  succeeding  only  when  per- 
formed on  small  quantities  of  material. 

The  property  of  being  precipitated  by  alcohol  does  not  belong  to  emulsui  it^sel^  but 
is  due  to  the  phosphates  which  it  holds  in  solution,  and  from  which  it  cannot  be  sepa- 
rated, Emulsin  po^esses  a  decided  acid  reaction,  and  it  is  tins  acidity  which  enables 
an  emulsion  of  sknonds  to  hold  the  phosphates  in  solutioo. 

An  aqueous  solution  of  emulsin  when  boiled  deposits  a  white  granular  precipitate, 
which  on  cooling  redissolves  completely  in  the  supernatant  liquid.  This  precipitate 
contjuns  a  considerable  quantity  of  inorganic  matter,  consisting  of  phosphate  of  mag- 
nesium with  a  little  phosphiite  of  calcium ;  the  filtered  liquid  contains  the  products  of 
decomposition  of  the  emulsin,  which,  strictly  speaking,  does  not  coagulate  by  heati.  but 
is  completely  decomposed*     (Bull) 

Emulsin  completely  loses  the  power  of  transforming  amygdalin  into  hydride  of  ben- 
zoyl, whea  its  aqueous  solution  is  boiled ;  but  it  retains  this  power  when  heated  to 
100'^  C.  in  the  dry  state,  even  for  several  lioura. 

The  aqueous  solution  of  eraulain  is  completely  precipitated  by  acetate  of  lead ;  tlio 
filtrate  no  loneerflctson  amygdalin,  hut  the  lead-precipUate  effects  the  complete  trans- 
formation of  tnis  substance  into  hydride  of  benaoyl. 

The  solution  of  emulsin  exposed  to  the  air  for  se?eral  days  at  common  temperatures 
putrefies,  giving  off  gs8  and  bo  coming  turbid;  nevertheless  it  retains  for  a  long  time 
the  power  of  acting  on  amygdalin. 

Lactic  acid  is  found  among  the  products  of  the  decomposition  of  emulsin. 

The  analysis  of  emulsin  gives  the  following  results :  — 

Thomion  and  q  .|, 

. ' .  .. ^- ^^-^  _ 

Carbon 48-78       48*40  43-69     4374     4275 

Hydroircn  .         ,         .         ,       7"79         7-68  6-96       733       737 

Nitrogen 18'8l        1864  11'64     11  40     iro2 

Sulphur l'2of  ^^.^ 

Oxygen 24  62       2528  86-56t  '^*  *^^     ^^  - 

10000    10000     lotToo  loo'oo  roo"oo 

Thomson  and  Richardson  do  not  mention  the  existence  of  snlphur  or  of  mi  literal 
matter.  Bull  found  quantities  of  ash  varying  from  22  to  35  8  pt'p  cent. ;  in  the  three 
analyses  above  given  the  ashes  are  dcdticted. 

munXiSXCIl^.  An  imperfect  combination  of  oil  and  water,  bv  the  intervention  of 
iome  other  sub'ttance  capable  of  eombining  with  both  these  liquida  Such  substances 
ar«  either  siicchtiriuo  or  mucilaginous,  U. 
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A  sabfltance  contained  in  the  yolk  of  turtle's  eggs.  It  forms  white, 
hard,  transparent  grains,  very  soluble  in  dilute  potash ;  swells  up  in  acetic  acid  without 
dissolving ;  dissolves  in  boiling  hydrochloric  acid  without  violet  coloration.  Contains 
49*4  per  cent  carbon,  7*4  hydrogen,  and  14*6  nitrogen,  together  with  phosphorus  and 
oxygen.  It  approaches  in  composition  to  the  ichthin  of  the  eggs  of  certain  fishes.  It 
yields  about  1  per  cent,  of  ash.     (Valenciennes  and  Fremy.) 

XarAJUbOCKSOSn.    Syn.  with  JEacvum. 

XarAMB&.  There  are  two  kinds  of  enamel,  the  opaque,  and  the  transparent. 
Transparent  enamels  are  usually  rendered  opaque  by  adding  putty,  or  the  white  oxide 
of  tin,  to  them.  The  basis  of  all  enamels  is  a  perfectly  transparent  and  fusible  glass. 
The  oxide  of  tin  renders  this  of  a  beautiful  white,  the  perfection  of  which  is  greater 
when  a  small  quantity  of  manganese  is  likewise  added.  If  the  oxide  of  tin  be  not 
sufficient  to  destroy  the  transparency  of  the  mixture,  it  produces  a  semi-opaque  glass, 
resembling  opaL 

Yellow  enamel  is  formed  b^  the  addition  of  oxide  of  lead,  or  of  antimony.  Kunckel 
likewise  affirms,  that  a  beautiful  yellow  may  be  obtained  firom  silver. 

Ked  enamel  is  afforded  by  the  oxide  of  gold,  and  also  by  that  of  iron.  The  former 
is  the  most  beautiful,  and  stands  the  fire  very  well,  which  the  latter  does  not 

Red  oxide  of  copper  likewise  yields  a  very  fine  red  colour,  but  it  is  somewhat  difficult 
to  manage,  on  account  of  its  tendency  to  pass  into  the  higher  oxide. 

Black  oxide  of  copper  affords  a  green ;  manganese,  a  violet ;  cobalt,  a  blue ;  and 
iron,  a  very  fine  black.  A  mixture  of  these  different  enamels  produces  great  variety 
of  intermediate  colours,  according  to  their  nature  and  proportion.  In  this  branch  of 
the  art,  the  coloured  enamels  are  sometimes  mixed  with  each  other,  and  sometimes 
the  oxides  are  mixed  before  they  are  added  to  the  vitreous  bases. 

In  the  Transactions  of  the  Society  of  Arts  for  1817,  a  valuable  list  of  receipts  for 
enamel  colours  is  given  by  Mr.  R.  Wynn,  for  the  communication  of  which  a  premium 
was  awarded.     The  following  are  Mr.  Wynn's  fiuxes :  — 

Parti. 
No.  1.  Red  lead        ...         8 
Calcined  borax        .         .         1^ 
Flint  powder  .         ,         2 


Flint  glass      ...  6 

No.  2.  Flint  glass      ...  10 

White  arsenic         .         .  1 

Nitre     ....  1 


No.  3.  Red  load 

Flint  glass 
No.  4.  Red  lead 

Borax  not  calcinod 

Flint  glass 
No.  5.  Flint  glass 

Flux,  No.  2    . 

Red  lead 


Parts. 

1 
3 


After  the  fluxes  have  been  melted,  they  should  be  poured  on  a  flag-stone  wetted  with 
a  sponge,  or  into  a  large  pan  of  clean  water,  then  dried,  and  finely  pounded  in  a  biscuit- 
ware  mortar  for  use. 

Yellow  enamel : —  Red  lead  8  pts. ;  oxide  of  antimony  4  pts. ;  white  oxide  of  tin  1  pt 

Mix  the  ingredients  well  in  a  biscuit-ware  mortar,  and,  having  put  them  on  a  pieco 
of  Dutch  tile  in  the  muffle,  make  it  gradually  red-hot,  and  suffer  it  to  cool.  Take  of 
this  mixture  1,  of  fiux  No.  4,  1 J  ;  grind  them  in  water  for  use.  By  varying  the  pro- 
portions of  red  lead  and  antimony,  different  shades  of  colour  may  be  obtained. 

Orange  enamel :  —  Red  lead  12  pts. ;  red  sulphate  of  iron  1  pt. ;  oxide  of  antimony 
4  pts.;  flint  powder  3  pts. 

After  calcining  these  without  melting,  fuse  1  part  of  the  compound  with  2J  of  flux. 

Dark  red  enamel:  — 

Parts. 

Sulphate  of  iron  calcined  dark       .     1 


Flux  No.  4,  6  pts.)     .^  3 

r     1  pt  5  ^^  ^^^   '        '     ^ 


Colcothar 


Light  red  enamel:^ 

Parti. 
Red  sulphate  of  iron     .        .        .     1 

Flux  No.  1 3 

White  lead Ij 


Brown  enamel:  —  Manganese  2J  pts.;  red  lead  8^  pts. ;  flint  powder  4  pts. 

See  Transactions  of  the  Society,  or  Phil.  Mag.  vol.  li.  Mr.  Tilloch  observes,  that  borax 
should  be  used  sparingly,  as  it  causes  efflorescence  and  decay  of  the  enamel  colours. 
For  further  details,  see  Ur^s  Dictionary  of  Arts,  Manufactures,  and  Mines,  ii, 
126.  U. 


A  sulpharsenate  of  copper  originally  found  at  Morococha,  in  the  Cor- 
dilleras of  Peru,  where  it  is  largely  worked  as  a  copj)er  ore,  and  occurs  in  large  masses, 
occasionally  also  in  small  drusy  crystals  imbedded  in  crystalline  limestone,  together 
with  Tennantite  (Breithaupt  Fogg.  Ann.  Ixxx.  383\  It  is  also  found  in  Brewer's 
mine,  Che§terfleld  county.  South  Carolina  (Oenth,  Sill.  Am.  J.  [2]  xxiii.  420),  in  the 
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rain**fl  near  Santa  Annii  in  Xow  Omniirla  (W.  J.  Taylor,  ihid,  xxvi.  349),  and  in  llie  . 
Coi>hllcraa  of  Chile  (Field,  CbeTn,  Soe,  Qu.  J.  xii.  & ;  «ilJ.  Am.  J.  [2]  ix™.  62,  387. )^ 
This  mineral  from   this  last   lotmlUy  was  originalJj  regarded  tj  Field  as  h  distluci 
tppciea,  and  named  l)v  liixn  Giuij/aeanfic. 

The  inmenil  fpcun  lifowcocha  exbibita  the  following  properties  :— The  crystals 
trimetric,  with  th«  faces  oP  .  ocP  .  act*oo  .  ocPoo.  Anglo  ccP  ;  ooP  =  98^  iTj 
CleaTuge  perfect  parallel  to  aP,  distinct  pjirallel  to  cxl^ac  and  qdPqo  ,  indibtinctl 
parallel  to  oP.  Specific  gravity  =  443  to4'45  (Breithaupt)  ;  4302  {Kcnngon).J 
HardiieM«3.  Lustre  metallic.  Colour  iron-black.  Streak  Tblaek.  Brittle.  Fractu 
ime(T€(D.     (Breithaupt,) 

Becrcpit^ites  when  heated,  and  in  a  tnbe  yieldrt  a  jroblimnte  of  sulphur  and  fmlphid^l 
of  arsenic ;  melts  easily  l>efore  the  bli>wpipe^  giving  off  arsenic- vapours  and  fonning  aJ 
white  depomt  on  the  charcoal ;  the  roai«ted  assay  exhibits  the  reactions  of  copprr,  1 
♦Soluble  in  nJtro-mnTiatie  acid^  In  the  state  of  powder  it  is  partly  decomposed  hyrl 
potash-ley,  and  acitis  added  to  tha  aoluti<in  throw  down  sulphide  of  arseme  containing] 
antimony,     (Piatt nor,  Popg,  Ann.  Ixxx.  383,)  1 

Analmrs.  ff.  From  Morrx'ocha  (Plattner)  ?«?.  cit—L  From  South  Carolina  I 
(Genth), — e.  From  New  Granada;  colour  and  streak  greyish  block  (Taylor).— I 
i  From  Chile:  specific  gravity s:^ 4*39 ;  hardness  =  35  to  4  (Field). 


8. 

a,  32-22 

b.  3378 

c.  34  50 

d,  31-83 


As, 
17-69 
lfi'63 
16-31 
19-14 


Sb. 
I-Gl 

\'29 


Co. 
47-20 
6059 
46  62 
48-50 


Fe. 
0-57 

0*27 
trace 


Zn. 
0-23 


Ag, 

072  =     99'45 

,     .  ^  10000 

,     .  =     98-99 

trace  -     99-48 


These  analyses  Agree  nearly  with  the  formula  of  a  tricnprous  sulpbarsenate, 
Cu'AwS*  (cale.  32'o3  sulphur,  18-82  arsenic,  and  48-60  copper). 

8ircSl^il.SXTlS^  Waru-i/rkite, — An  ore  of  titan  i  um  fon  nd  i  n  th  o  dolomit*  of  Amity 
(New  York),  t<Tgetlier  with  spinelle,  titaniferous  iron,  and  choudrodite.  Externally 
it  resemblea  wanftiekite.  Oblique  rhombic  prisms  (?  monoclinic)  having  a  blue-hlack 
or  brown-black  colour,  with  bluish  etreak.  Lustre  vpiryinp  from  resinous  to  metalhe. 
Hardness  «^  3  to  4.  Specific  gnnrity  31 88.  Heated  in  a  tube,  it  gives  off  water  and 
becomf»8  lighter.  When  heated  in  \h^  air,  it  assumes  a  brick-red  colour.  It  is  iufiisiblc ; 
is  but  little  attacked  by  hydrochloric  acid;  dissolves  easily  in  warm  sulphuric  acid. 
According  to  T.  S.  H unt  {hlM.  Am.  J.  [2]  ii.  30 ;  also  zi.  352),  it  contains  — 

TiO«  SiO*        Al^O"         Fe'O        Mg»0       Ca'O       HK> 

28  20        18-50         13'84         1060         2220         1-30         7'36  =  101^8; 

whence  Kammelsberg  (Mineralchrmif,  p.  889)  deduces  the  formula, 

6[2M'0,(SiO«;  TiO=)]  +  Al'Q-.3(SiO';  TiO»)  +  6  aq. 

which  hy  substihiting  al  for  f  A!,  may  he  reduced  to  2M<(Si ;  Ti)0*  +  at*{Si ;  Tl)0* 
+  2  aq. 

Hunt  and  Buna  regard  the  mineml  as  warwickitc  b  a  8tat«  of  transformation. 
According  to  J.  L,  Sra  it  h  (SilL  Am.  J.  [2]  xvi,  293).  it  is  a  borotitanate  of  naagneeium  ] 
and  iron,  containing  about  20  per  cent.  o>f  boric  anhydride. 

Bl7liEi.XiXOirxTE.    Syn.  with  BointxoNmi. 

SirniVZU  Cic^horium  Kndma. — This  plant  contains,  aeconling  toBichardsou 
(Abu.  Ch.  Pharm,  Ixvii.  377),  92-5  per  t^nt,  waterp  61  organic  substance,  and  1*4  a«h. 
The  ash  contains  m  100  pt«.  37*9  K*0»  12'1  Na'O,  120  Ca'O,  IS  MgH),  62  50«,  24-G 
SiO'.  and  6  4  phosphate  of  iron« 

SsrsonciLiiisSM.    8yn.  with  CHrrm. 

^irilCiPSA€Jlir«  The  name  given  by  YalpncieDnofl  and  Fremy  to  the  innef 
albuminous  (v>nytituent  of  the  crystalline  lens  of  the  eyes  of  mammalia, 

XEirilOSMOS&.    8ee  Osmosb. 

EirGsXiaa.RnrrB.    See  Zmcosr. 

BKSTATZTB.  A  variety  of  augite,  Mg^iO",  found,  together  with  pseudophite, 
on  the  Zi^jar  mountain  near  the  Aloyathal,  in  Moravia.  Forms  firmly  imbedded  linear . 
c^y.'^tftls,  often  transversely  broken ;  thej  belong  to  the  TOonoelinic  system,  exhibiting  1 
the  facffl  [ccPce]  and  ccPeao  (the  cnd-faecs  not  developed),  with  distinct  deavaga  ] 
parallel  to  these  faces  and  to  those  of  a  prism  of  nearly  87''.  It  is  greyish-whif^  J 
sometimes  yellowish  or  greenish  ;  dull  on  the  faces  of  tbe  crystal,  hut  with  a  rather^ 
strong   glassy   and   nacroomi    lustre    on    the    cleavage-faces;    semi-transparent    or 
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translucent  on  the  edges.  Streak  whiUi.  Brittle.  Ilurdnoss  —  5*5.  Specific  graTitr 
—  3"10  to  3*13.  Neatly  infiisible  before  the  blowpipe,  but  becomes  white  and  enamel- 
like  on  the  edges:  does  not  give  any  blue  colouring  with  cobalt;  insoluble  in  hydro- 
ehloric  acid.     Contains :  — 


SiO« 

A1*0» 

Fe'O 

Mg»0 

H«0 

66-91 

2-50 

276 

65-44 

1-92  -  99-53 

67-28 

•    • 

6-00 

36-26 

.    .    =  98-63 

Of  the  water,  0-41  per  cent  goes  off  at  100°  C;  the  rest  at  a  red  heat   (Kenngott 
Wien.  Akad.  Ber.  xvL  162.) 

SOZHZW.    C**H*H)"  (?).    A  red  colouring  matter  obtained  from  asparagus  berries. 
(Eerndt,  Jahresber.  d.  Chem.  849,  467.) 


SiO« 

Al^O* 

Ca«0 

Fe'O 

Na'O 

HK) 

31-64 

67-89 

1-89 

1-34 

,     , 

3-12 

0-04 

66-46 

211 

1-00 

4-41 

806 

A  micaceous  mineral,  found,  together  with  corundum,  on  the 
magnetic  iron  ore  near  Ephesus.  It  is  laminar,  easily  separable  in  the  direction  of 
the  lamin»,  white,  nacreous,  resembling  white  disthene.  Specific  gravity  3-16  to  3*20. 
Scratches  glass  easily.  Before  the  blowpipe  it  becomes  dull,  but  does  not  melt 
Contains :  — 

Total 

97-0*7 

whence  may  be  deduced  the  formula  2M*0.3SiO«  +  2(2Al*0».SiO«).     (L.  Smith,  Ann. 
Min.  [4]  xviiL  294.) 

BFIBSOBKBTBRZW.    See  Bsoxhydrins  (L  667). 

BFXCB]LOBBT3>RZW.     See  Chlobhtdbiks  (i.  894). 

XPXCBIORZTB.  A  mineral  discovered  by  Zincken  (Fogg.  Ann.  Izxrii.  237) 
near  Neustadt  in  the  Harz,  where  it  occurs  in  a  rock  resembling  serpentine,  in  fragments 
of  railiating  structure.  It  easily  separates  into  prismatic  forms,  has  a  strong  fatty  lustro, 
dark  leek-green  colour,  white  streak  inclining  to  greenish,  and  in  thin  slips  is  trans- 
lucent, with  bottle-green  colour.  Hardness  =  2  to  2-6.  Specific  gravity  =  2-76. 
Gives  off  water  when  heated  in  a  tube,  and  melts  with  difficulty  before  the  blowpipe. 
It  is  but  imperfectly  decompose«l  by  hydrochloric  acid.     Contains:  — 

SiO«  A1*0«  Fe*0»         Fe*0  Mg»0  Ca«0  WO 

40-88  10-96  8-72  896  2000  068  1018 

whence    the   formula    2(4M*0.3SiO«)   +   2M*0».3SiO«  +  8  aq.      (Kammelsberg, 
Mineralckcmif.^  p.  639.) 

OX*  AVZMA&8.    See  Hobnt  Tissue. 


BPZBV&MX8  OT  V&AVT8.  The  skin  of  plants  consists  of  one  or  more  layers 
of  compressed  cellular  tissue,  constituting  the  true  skin  or  epidermis,  and  of  an  external 
very  thin  layer  of  organic  mucus,  called  the  cuticle.  The  epidermis  covers  all  parts  of 
the  plant  which  are  exposed  to  the  air,  except  the  stigma,  but  is  not  found  on  plants 
habitually  living  under  water.  The  cuticle  covers  every  part  except  the  opening 
through  the  stomates.  According  to  Fremy,  the  cellular  substancei  of  the  epidermis 
consists  of  a  peculiar  substance,  which  he  calls  cutin,  differing  from  ordinary  cellu- 
lose in  not  being  soluble  in  an  ammoniacal  solution  of  copper.  Payen,  on  the  other 
hand,  regards  the  epidermis  as  consisting  of  ordinary  cellulose  impregnated  with  fats, 
nitrogenous  bodies,  and  inorganic  salts.    (See  Cumr,  p.  186.) 

Mulder  analysed  the  cuticle  of  Agave  Americana^  separated  from  the  plant  by  mace- 
ration in  sulphuric  acid.  After  exhaustion  with  alcohol,  ether,  and  water,  and  drying 
at  130^  C.  it  left  4  per  cent  of  ash:  the  organic  part  contained  62*90  per  cent  carbon, 
6-79  hydrogen,  and  40-31  oxygen  and  nitrogen.  The  substance  was  not  however, 
quite  freed  from  epidermis  cells,  so  that  the  result  must  be  regarded  as  only  approxi- 
mate. 

lOSa.    See  Hobnt  Tissue. 


Syn.  with  EnsriLBrTB. 

»XCB&OBBT3>RZW.     See  Chlobhtdbins  (i.  894). 

Zoisite  (in  part).  Pisiacitf,  TKallite^  Withamiie,  Akantieon, 
Scoria.  Delphinite,  Arendalite,  Bucklandite,  Thuiitf.  PtischkiniU.  Ackmantite, 
This  mineral  species,  under  the  general  formula  3(2M«O.SiO«)  +  2(2R«0«.3SiO«)  - 
3M«SiO«  +  2R«Si*0'«,  or  8AfO.@ia«  +  2(/?*0*.®ia«),  includes  three  sub-species,  via. 
1.  Lime  epidoU  or  Zoisite  (in  part)  in  which  the  monatomic  metal  M  is  almost  wholly 
f^loiwm^  and  the  sesqui-atomic  metal  R  is  chiefly  aluminium :  this  sub-species  include* 
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Tkiditt, — 2.  lAine  and  irtm  Epidofe,  Pi»tacite,  or  Epidotf  proper,  in  which  the  cnHttin 
is  fiometimes  partly  replaced  by  iron  (feirosum),  and  the  alu minium  in  gr-^dt  pnrt  by 
ferrieum:  this  ineludes  Bueklandite  und  Puschkhtite, —  3.  Mangamsian  eiiidoU^  in 
which  the  Maqiiiatomic  metal  is  partly  manganese  ( manga ni cam).  Besides  tneae,  mujt 
be  mentione<l  AUanitc^  which  is  a  true  cerium  epidot<*,  nrid  WithamiU. 

The  crystals  of  epidote  are  mionocliuic^  d  :  A  :  c*  —  0"5.509  :  1  :  0'9924*  Inelination 
of  principal  aiin  to  dinodiagoual  —  51^  41',  Ordinury  combination  oP,  o&Pao 
+  Pco  .  —poo  *  [Poo  ].  ClPATage  most  distinct  parallel  to  +  Poo  ,  has  diatinct  psmiUel 
to  oaPoo.  Twin  crystals  occur,  haring  their  fuee  of  combination  parallel  to  ocpoe. 
The  crystals  arr*  always  prismatically  elongatM  in  the  direcboa  of  the  orthodiagi^aaL 
(Kopp,  Kiy^talkiffraphif,  p,  309.)  Epidott*  likewise  occurs  columiuir  aod  granmurf  in 
porticles  of  Tarious  sizes,  Bomctimcs  impalpable. 

Hardne«8  -  fi-7.  Specific  gmrity  ^  3'25— 3'5  fof  zoifi"ite,  3"2  to  3'45;  of  pista- 
cita  3*86  to  3 "5,  of  mongiinesian  epidote  3404 ;  of  witbamite  3*1  to  3*34)*  Colour  of 
soisite  grey  or  brown  to  white  of  pistacit«,  yellovish-green  or  pii^tuchio-groen,  puHsing 
to  oliTe  and  leelt-grcen;  of  piischkinite»  green,  yellow,  and  red  ;  of  bucklanditje,  black; 
of  manganesian  epidote,  readish-brcwn,  reddiah,  bJack  or  dark  Tiolet-blue ;  of  witha- 
mitfl,  bright  rpd ;  of  thulite,  rose  op  peach -blosstmi  red.  Streak  nncoloured,  grejiah 
or  reddisL     Subtramiparent  to  opaque.     Practure  uneven.     Brittle. 

Before  the  blowpipe^  epidoto  molts  on  the  edgea  and  swells,  but  does  not  easily 
liqnefy,  the  rajietiea  contjiining  raiost  iron  ht'ingthc  most  fusible  ;  boniix-glass  coloored 
by  iron.  The  manganese  variety  fuses  readily  with  intames»eencp»  and  gives  with 
bomjc+  an  amethystine  glass  in  the  outer  flame.  Most  B|>ecimen9  of  epidote  aflf<>rd  a 
minute  globule  of  tin  before  the  blowpipe.  The  specific  gravity  changes  with  beating* 
Epidote  is  but  partially  decomposed  by  adds,  except  after  strong  beating. 

dnn/^8rs,—  l.  Brush  (8 ill  Am.  J.  [2]  nxvi.  69)* — 2.  Raiumel8berg(AifiW€r<ii5cA<?mif, 

p,  750).— 3.  Hermann  (J.  pr.  Chem.  xliii.  35)* — 4.  Gmelia  (Pogg.  Ann.  xix.  639). 

^6.  llammelstjerg(W.  nt  753),— 6.  Kiihti  (Aim.  Ch.  Pharm.lix.  373).— 7.  8.  9, 

'Hermann  {loe.  eit  y-lO.  Hart  we  11  (Kongl.  Vetensk.  Acad.  HandL  IdlS.  p,  17l/)— 

11*  Sobrero  (Iocci(.  1810,  p.  218)*— 12.  Geffken  (foe,  cit.) 


L  Lime  Epidott, 


Unionrille,  Pa, 
Sau  alp 
Faltiglj  f/rtt/ 
Thulite,  Soldaiid 


40G1 
40  G  4 
4U-95 
4284 


Al«03      Fe»05 


33-44 
28  39 
30'M 
31-U 


0-40 
3-89 
S'ftl 
2*29 


24*13 
24-26 
21-66 
1873 


MiJ50 


0'57 
1-64 


Ignitioa 
2-22 
2-09 
1'69 
0-64 


Sa*0 

.  .  ^  99  84 
.  ,  s=  100  05 
1-89  -     99  13 


5.  Arendal    . 

6.  Geier.  Erzgob.  . 

7.  Bourg  d'OixHans 

8.  BuvJclanditfi 
^  PtischkiniU 


SiOi 

37-98 

40-57 

37'GO 

36*97 

3747 


II.  Lima  and  Iron  Epidote. 


Al^CP 

2078 
14-47 
18-67 
21-84 
18-64 


17*24 

13-44 
13-37 
1019 
14-15 


Cn'O 

2374 

30  DO 

2M9 

21*14 

2206 


665 
9-19 
2*56 


Ml 
2-76 
1-40 


Na«0 


inO'85 
.  .  .  .  ^  101*24 
.  .  1-G8  =  98-36 
,  .  1-00  -  100*33 
2-23     1-44  «     98'<i0 


10.  St  Marcel 

11. 

12. 


38-47 
37-86 
36-87 


IIL  Manganman  Epidote. 


17-65  6*60 
16-30  8-23 
11-76     10-34 


14-08 
24-45 
18-25 


Ca«0 
21-65 
13-42 
2278 


M£«0    SoO*Cu90 

1-82    .  .  -  mu 

.     ,       0-40  -  100-66 
.     .   =  100-0 


For  other  analyses  see  Hammclsberg,  pp.  750—760;  Dana,  ii.  207). 

The  general  formula  3MSSiO*  +  2R"Si»0'-,  deduced  from  these  analyses,  is  com- 
posed of  two  terms,  each  of  which  represents  an  orthosilicate,  and  may  be  exhibited 
more  plainly  in  that  form  by  reducing  the  aeaquioiides  to  protoxides,  that  is,  by  sab* 
stitating  in  the  second  term  of  the  formula,  m  =»  ^R,  which  reduces  that  term  to 
3//i*SiO\  and  bring^  the  entire  formula  to  the  general  typo  M*SiO*. 

Epidotes  occur  in  numerous  localities.  Fine  crystals  are  found  at  Arendal  in 
Norway:  hence  the  name  Arcndaliie,  Other  localities  ar©  the  Ural,  Pieilmont,  tho 
FichtclgebLrg,  Rotlilaue  in  the  Canton  Berne.  Faltigl  in  the  Tyrol,  Grossar  in 
Austria,  Bouig  d'OiiJanfl  in  Dauphiny,  Glencoe^  the  mainland  of  Shetland,  the  Island 
of  Icolmkill,  &c.  Epidote  is  of  very  frequent  occurrence  in  primitive  rocks,  espedollY 
in  granite,  gneiss,  and  Syenite.      Iron  epidote  is,  like  garnet^  n  very  frequent  r  "' — 
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tant  of  iron  ores,  especially  of  magnetic  oxide ;  the  numerous  and  extensive  veins 
of  this  ore  in  Norway  and  Sweden  are  almost  universal] j  accompanied  by  these  two 
minerals,  especially  in  the  neighbourhood  of  Arendal,  where  they  almost  displace  the 
gneiss,  which  usually  forms  the  matrix  of  the  ore.  The  frequent  occurrence  of  epidote 
and  garnet  in  the  same  locality  is  easily  explained  by  comparing  the  composition  of 
the  two  minerals,  garnet  being  3M*SiO*  +  R«Si»0",  and  epidote  3M*SiO*  + 
2R*Si*0" ;  we  may  therefore  suppose  that  in  the  formation  of  the  older  rocks,  when 
ferroeo-ferric  oxide  came  in  contact  with  silica,  alumina  and  lime,  epidote  (especially 
pistacite)  and  garnet  were  produced,  the  former  when  the  sesquioxides  were  present  in 
greatest  abun<umce,  the  latter  when  the  protoxides  predominated.  (Scheerer, 
Handw.  d.  Chem.  !*•  Aufl.  ii.  964.) 

BVXO&AVBXra.  A  crystalline  substance  found  in  hardened  guano,  containing 
lime,  phosphoric  acid,  and  water.     (Shepard,  J.  pr.  Chem.  Ixx.  212.) 

XP80BSZTB.     BP80BK-8AXiT.     Sulphate  of  magnesium.     (See  Sulfhatbs.) 

BPZ8TZ&BZTS.  A  mineral  belonging  to  the  zeolite  family,  and  closely  allied 
to  stilbite.  Forms  rhombic  prisms  with  the  acute  lateral  edges  truncated.  Fracture 
uneven.  Hardness  -  3*5  to  4.  Specific  gravity  2249  to  2*263.  White  with  glassy 
lustre,  nacreous  on  the  cleavage-faces.  Dissolves  in  hydrochloric  acid  without  gela- 
tinising. Occurs  in  the  almond-stone  of  Iceland  and  the  Faroe  Islands,  and  in  the 
dolerite  of  Ireland.  Gives  by  analysis  68-6  per  cent,  silica,  17*62  alumina,  7*66  lime, 
1-78  soda,  and  14*48  water:  whence  the  formula,  2Ca*0.2Al*0».6SiO«  +  lOH'O.  - 
2Ca»0.3SiO«  +  2Al«0*.3SiO»  +  10H«O.  (G.  Rose,  Gm.  Handb.,  iii.  413;  also 
Waltershausen,  Jahresber,  d.  Chem.,  1853,  818;  1866,  863.) 

BQVATZOV8,  CBBliaCA&.     See  Formula 

BQUXBBTZO  ACZB.     Syn.  with  Aconitic  Acid. 

BQUXBBTUai.  Horse-tail. — ^A  genus  of  cryptogamous  plants  distinguished  chemi- 
cally bv  the  large  amount  of  inorganic  constituents,  especially  silica,  contained  in  them. 
The  silica  partly  separates  out  on  the  external  surface  of  the  stem,  where  it  hardens, 
forming  numerous  small  concretions  on  the  elevated  striae  with  which  the  stem  is 
marked  and  rendering  it  available  for  polishing  substances  of  no  great  hardness,  such 
as  wood,  ivory,  horn,  &c. 

Braconnot  found  in  100  pts.  of  dried  Equisetum  ftuviaiile,  23*61  pts. ;  of  E.  hiemtde^ 
11*81  pts. ;  of  E.  arvensey  13*84  pts. ;  and  of  E.  limoaum,  16*0  pts.  ash  consisting  of: 

E.Jluviat,    K.  hiem.       E.  arvens.     E.  Itmomm. 

Potash,  partly  as  silicate 

Sulphate  of  potassium  .  .  .  2*83 
Chloride  of  potassium  .  .  .2*72 
Carbonate  of  calcium  .        .        .1*46 

Phosphate  of  calcium  (containing  iron)  0*66 
Sulphate  of  calcium   .         .        .        .3-39 

Magnesia 0*66 

Silica 1200 

23*61 

Witting  (J.  pr.  Chem.  bcix.  149)  found  in  100  pts.  of  E.  Telmateja  (a),  dried  at 
100°  C,  71*43  pts.  organic  substance,  and  28*67  ash ;  in  100  pts.  of  the  fresh  plant  of 
E.  arvense  (6),  78*46  water,  17*48  organic  substance,  and  4*07  ash.  The  ash  contained 
in  100  pts. : 

SIO«  COS  sO»  P20»  Fe«03  Mn«0  Mg«0  Mfj«C03  C«20  Ca«C03  Na«0  K^O  NaCl  KCI 
a  .  66M5  0-49  2*65  198  1*83  019  0C9  994  2-11  10  67  0  003  193  119  9  99 
b    .    41*40      0-98      998      9  75      0*70      0*09      9-81        .    .         17*01     .       .      0  03       M-39      0  84    1909 

E,  arvense,  K  hiemale,  and  especially  E.  palustre,  are  said  to  be  very  iijurious  to 
cattle,  whereas  Eflumatile  forms  a  harmless  and  nutritious  fodder.  The  various 
species  of  equisetum  contain  small  quantities  of  equisetic  (aconitic)  acid  in  the  form  of 
calcium-  or  potassium-salt.  Braconnot  (Ann.  Ch.  Phvs.  [2]  xxxix.  6)  found  in 
E  limosum  a  yellow  colouring  matter,  which  he  designated  as  jlavequisetin  {q.  v.) 

MQUTV  A  ILVtrrB,  No  two  substances  in  nature  are  absolutely  equivalent  in  all 
respects,  scarcely  perhaps  in  any  respect ;  but  those  are  most  nearly  equivalent  which 
manifest  the  greatest  affinity  to  one  another,  either  in  regard  to  their  general  funo* 
tions,  or  to  some  particular  function  taken  as  the  criterion  of  resemblance  Now  the 
prime  indication  of  this  special  equivalency  between  two  or  more  bodies  is  woU  known 
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HHO 

Watfir 

Cl'S 

ciao 

Hypochloroufl  anhydride 
HypocMoToua  acid 

H*S 

HCIO 

Nii*S 

KCIO 

HjpcKshlopitfli  of  potasBium 

Cl^S' 

KHO 

Hydrate  of  pota88i*um 

R'^' 

KKO 

Oiide  of  potasfliam 

Nft=S« 

C^»Cl 

Ethyl-clilondfl 

am 

C^FPII 

Ethyl-bydrido 

H'Sb 

C'H^Ka 

Sodium-ethido 

Ag*Sb 

to  consifift  m  tlieir  cnpa^iHly  of  being;  frcoly  cxclinngi^d  for  one  anotliei'  without  los^  or 
delrimctit ;  And  tlii?*  holds  good  no  leas  in  the  iscienot?  of  chemistry  tliaii  in  the  transttc- 
tioQfl  of  orilinary  hfe,  Iho  iden,  ©f  exchange,  that  is,  of  direct  or  indirect  Bubalitution, 
fonninjT  tJie  baatA  of  tht>  modern  doctrin*^  of  choraical  oquivah^nts. 

We  find  in  a  grvM  nnmljcr  of  compounda  that  1  pt.  of  hydrogen  miiy  he  replaeed 
directly  by  23  pta.  of  sodium,  or  by  30  pta,  of  potassium,  or  by  108  ptB.  of  silver^  &e. : 
and  as  the  resulting  compounda  manifest  a  marked  mutual  respmhlance  of  constitution 
and  properties,  and  a  general  re&emhlanc©  to  the  hydro ^jeaised  body  from  Tirhieh  they 
were  obtained,  we  say  that  the  atorafl  of  sodium,  potassium,  and  siirer  are  equivalent 
to  on©  another,  and  ahio  equivalent  to  an  atom  of  hydrogen.  Similarly,  we  find  in  a 
Ereat  number  of  compounda,  both  organic  and  inorganic,  that  on©  or  more  atonic  of 
hydrogen  may  be  replitced  by  an  equal  number  of  atomi  of  chhinne,  or  bromine,  or 
iodine;  and  aa  the  rcHulting  compounds  correffpond dosely  with  one  another,  and  pre- 
sent  a  marked  aimilihide  to  tbe  orig^inal  hydrogeniied  body,  we  sav  that  the  atoms  of 
chlorine^  bromine,  and  iodine  are  equivalent  to  one  another,  and  also  equivalent  to  an 
atom  of  hydrogen ;  whence  it  follows  that  the  atoms  of  chlorine,  bromine,  iodine,  hy- 
drogen, potaaainm,  sodium,  and  silver  are  mutually  equivalent*  We  are  acquaint4'il 
with  Qumeroua  bodies  of  comparable  constitution^  containing  respectively  an  atom  of  < 
chlorine  or  an  atom  of  met4il ;  thus : 

*  CUorine-snlphido 

,  Sulphydric  acid 

,  Sodium-gulphide 

.  CWorine-diKulphide 

.  Hydrogen-di^iilphid** 

,  Soidium-disulpliide 

.    Chlorostibine 
,     Stibamine 
,     Slibio'silver 

That  we  are  not  acquainted  with  a  very  greivt  numlwr  of  such  instJincrs  of  rephiee- 
ment,  uf^pears  to  arise  from  the  circumBtanee  that^  in  few  hydroironiised  boiliea  can  the 
hydrogen  be  replaced  with  equal  facility  by  chlorine  and  by  pota*siuin.  A»  a  general 
rtdo,  wo  find  that  the  facility  of  replacement  by  pjtassium  is  directly,  by  cldorine  in- 
versely, aa  the  degree  of  oxidation  of  tlie  compound  under  examination,  and  «>ns4>- 
quentiy  that  the  same  body  does  not  always  afibnl  both  chlorine  and  metal  derivatives. 
Chlorine  and  potaitsium  are  two  elements  p088e«sing  in  the  highest  degree  those  oppo- 
site* properties  which  we  denominate  chlorous  and  basyloua  respectively.  They  are, 
however,  connected  by  a  great  number  of  intermediate  llnks^  and  constitute,  as  it  were, 
the  extreraitieg  of  a  very  long  chain.  From  the  antagonism  in  properties  possessed  by 
chlorous  and  basyloua  elements,  we  find  that  the  correspondence  in  properties  between 
chlorous  and  basylous  derivativea  of  the  same  hydrogenised  body  is  confined  within 
narrow  limits;  it  is,  however,  weU  manifested  in  the  phenomena  of  double  decom- 
position. 

We  may  make  a  similar  comparison  between  other  elements  than  those  which 
we  have  aa  yet  considered.  Thus  in  a  whole  host  of  most  varied  bodies,  we  find  that 
16  pts.,  or  ]  atomic  proi>ortion  of  oxygen,  arc  replaceable  bv  32  pts,,  or  1  atomic  pro- 
portion of  sulphur;  and  that  the  comparable  oxygen  and  sulphur  com  pounds  are  eitlier 
procurable  from  one  another  by  an  atomic  exchange  of  oxygen  for  sulphur,  or  mav  be 
obtained  by  precisely  similar  reactions  from  oxygen  and  sulphur  respectively*  Just, 
for  infftance^  as  chlorine  expels  hydrogen  from  benzene,  so  does  oxygen  expel  sulphur 
&om  Btibnitfl : 

C*H*  +  a«  -  C'H^CP  +  3HCL 
SbS"   -I-  0»   =  SbO'       +  3S0^ 

Carbon  bums  in  oxygen  gas  to  form  the  dinoxide  CO*,  and  in  sulphur- vapour  t^  form 
the  disulphide  CS',  A^ain,  the  analogotis  bodies,  alcohol  and  mercapt^o,  are  pro- 
curable from  hydrochloric  ether  by  means  of  hydrate  and  aulphydrate  of  potaaaium 
respectively,  thus; 

C«H*CI  +  KHO  =  KCl  +  CH^O. 

(J'H'Cl  +  KHS  =  KCl  +  C^H*3. 

In  a  similar  manner  we  may  compare  together  tlie  elements  phosphorus,  ar**>nic, 
antimony,  and  bismnth,  when  we  shall  find  that  their  respective  atoms  are  mutually 
mterchanpi^able,  and  consequently  equivalent  one  to  another. 

In  the  different  instances  of  equivalent  suljstitution  al>ove  referred  to,  the  replacf- 
ment  has  been  effected  by  an  interchange  of  atom  for  atom  ;  but  we  conKtantly  find  in 
addition,  that  two,  three,  or  more  atoms  of  one  element  may  be  exchanged*  for  on© 
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atom  of  another.  Thui,  if  ire  act  upon  pentachloride  and  pentabromide  of  phoa- 
phoroB  with  water  and  Bolphydric  acid  respectiyely,  we  have  the  following  reactions : — 

PC1»  +  H«0  -  PCPO  +  2HCL  PBr»  +  HH)  -  PBr»0  +  2HBr. 

PC1»  +  H«S  -  PCra  +  2HC1.  PBr»  +  H»S  «  PBr»S  +  2HBr. 

In  theae  reactions,  as  in  yexy  many  others,  we  find  that  two  atoms  of  chlorine  and  bro- 
mine are  respectively  exchangeable  for  one  atom  of  oxygen  or  sulphur.  Hence,  taking 
the  atom  of  hydrogen  as  the  unit  of  equivalency,  we  say  that  the  atoms  of  chlorine 
and  bromine  have  a  single,  and  the  atoms  of  oxygen  and  sniphur  a  twofold  equiva- 
lency. Again,  if  we  take  three  atoms  of  hydrochloric  acid,  H*C1',  we  can  either  displace 
the  three  atoms  of  hydrogen  by  three  atoms  of  sodium,  to  form  three  atoms  of  chloride  of 
sodium,  Na'Cl',  or  we  can  displace  them  bv  one  atom  of  bismuth  to  form  one  atom  of  tri- 
chloride of  bismuth,  BiCl';  so  that  while  the  atom  of  sodium  has  a  single,  the  atom  of  bis- 
muth has  a  threefold  equivalency,  the  one  atom  of  bismuth  being  a  representative  of  three 
atoms  of  hydrogen  or  of  sodium.   To  facilitate  comparison,  the  author  of  this  article  pro- 

C^  some  few  years  back,  that  mode  of  indicating  differences  in  equivalent  value  which 
now  come  into  vexy  general  use — namely,  by  means  of  one  or  more  dashes  placed 
to  the  right  of  the  symbols,  so  as  to  establish  a  difference  to  the  eye  between  the 
equivalent  or  substitution  values  of  different  atoms,  as  shown  in  the  following 
formula : — 

Ag'Cl    .        .    Silver  chloride  AgTO*        .    Silver  phosphate 

Sn^Cl^   .        .     Stannous  chloride  HSn'TO^        •    Stannous  phosphate 

Bi'Cl*  .        .    Bismuth  chloride  Bi'^0*        ,    Bismuth  phoaphate 

It  is  observable  that  the  equivalency  of  an  elementary  atom  referred  to  that  of  hy- 
drogen as  unity,  may  be  determined  almost  equally  well  by  noticing  the  number  of 
chlorine-,  or  hydrogen-,  or  sodium-atoms,  with  which  it  can  unite,  as  by  noticing  the 
number  of  chlorine-,  or  hydrogen-,  or  sodium-atoms  which  it  can  replace.  For  every 
combination  of  an  element  witn  chlorine  may  be  looked  upon  as  a  substitution-product 
of  chloride  of  sodium,  in  which  a  certain  number  of  sodium-atoms  are  replaced ;  and 
every  combination  of  an  element  with  sodium  as  a  substitution-product  of  chloride  of 
sodium,  in  which  a  certain  number  of  chlorine-atoms  are  replaced.  Trichloride  of 
bismuth,  Bi'^Cl*  for  instance,  is  derivable  from  three  atoms  of  chloride  of  sodium,  Na*Cl', 
by  a  displacement  of  three  uniequivalent  atoms  of  sodium  by  one  triequivalent  atom  of 
bismuth ;  while  sulphide  of  sodium,  Na^S",  is  derivable  from  two  atoraa  of  chloride  of 
sodium,  Na'CP,  by  an  exchange  of  two  uniequivalent  atoms  of  chlorine  for  one  diequi- 
valent  atom  of  sulphur,  &c,  &c. 

In  modem  chemistry,  the  notion  of  equivalency  is  usually  extended  to  that  of  inter- 
changeable value  for  hydrogen  or  for  the  representatives  of  hydrogen,  as  above  explained, 
irrespective  of  any  similarity  or  dissimilarity  in  properties  l^tween  the  equivalent 
bodies.  In  this  broad  sense,  an  atom  of  oxygen  0'  is  equivalent,  not  only  to  an  atom 
of  its  analo^e,  sulphur  S",  but  also  to  an  atom  of  its  hoterologue,  tin  Sn" ;  while  the 
atom  of  antimony,  Sb"',  is  equivalent,  not  only  to  the  respective  atoms  of  its  analogues, 
arsenic  As*^  and  bismuth  Bi"',  but  also  to  the  respective  atoms  of  its  heterologues, 
boron  B'",  and  gold  Au*^.  Again,  six  atoms  of  hycfrogen  6H',  three  atoms  of  sulphur 
38",  and  two  atoms  of  gold  2Au"',  constitute  equivalent  quantities  of  the  three  highly 
dissimilar  elements. 

This  idea  of  equivalency  is  widely  removed  from  that  of  atomicity,  and  is  indeed 
quite  compatible  with  the  notion  of  fractional  proportions.  There  is  no  impropriety, 
for  instance,  in  saying  that  an  atom  of  hydrogen  is  equivalent  to  one-half  an  atom  of 
tin  or  sulphur,  and  to  one-third  of  an  atom  of  bismuth  or  phosphorus.  This  mode 
of  expression  is  associated,  moreover,  with  the  use  of  a  special  equivalent  notation,  aa 
distinguished  from  the  atomic  notation  commonly  employed.  In  this  equivalent 
notation,  introduced  by  Laurent  and  Gerhardt,  the  proportions  of  the  different 
elements  which  are  exchangeable  for  one  atom  of  hydrogen  are  represented  by  the  same 
letters  which  symbolise  their  respective  atoms,  but  written  in  small  letters  only  instead 
of  with  capitals,  thus :  — 

Ha  Hydrochloric  acid  HCl 

NaCl  Sodium-chloride  NaCl 

S"C1*  Sulphur-chloride  s'Cl 

Sn"Cl«  Stannous-ehloride  stn'Cl 

P'"C1"  Phosphorous-chloride      p'Cl 

Bi'"Cl"  Bismuth-chloride  bi'Cl 

a'^Cl*  Carbon-chloride  c'Cl 

Si'TP  Silicon-chloride  si'a 
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The  tint  column  represents  chloridf*^  of  atomic  proportions,  and  the  st^cond  cMoridc« 
of  equiTolent  proporliona,  of  the  different  melals  orqua^i  metalbs. 

And  this  brings  tuj  t-o  a  coni^idemtion  of  the  ^enj*o  in  which  tho  word  equiTalent  was 
originally  introduced  into  chemical  langujige  by  Wolliiston,  as  n  substitute  for  Dalton'g 
word  atom  ;  for  most  of  Dalton*a  atomic  weights  were  in  reality  only  ©qniTali'nt  pro- 
portions. TluLS,  he  wrote  wat«r  OOi  amraonia  O  J^  **"*l  ^'^*  **  fl^t  inelinod  tc 
write  mareh  gas  0©i  ^^t  iti  0«rhardt'fl  symbol  Ho'^  Hn/ and  He'  respectively. 
Ultimately  he  decided  apon  writing  manb  gat  000*  ^^^  oleiiant  gaa  09»  thereby 
making  the  atomic  weight  of  carbon  6  instead  of  3;  although  his  preference  was  not 
based  upon  any  of  those  molecular  considerations  wiiich  can  alone  determine  tho 
atomic  weight  of  a  compound  body, and  his  chosen  formula*  for  the  two  hydrocarbons 
were  very  doubtflil  improvements  upon  those  which  originally  suggest «:4  themselves  to 
him  (see  Atomic  WrjGttTSt  L  453).  But  long  after  many  of  Daltou's  equivalent  atomic 
weights  had  been  replaced  by  molecular  atomic  weights^  tJie  term  equivalent  continued 
in  general  uKe  as  a  mere^synouym  for  the  term  atom.  The  difierent  meaning  of  the  two 
wordswas  f^rst  pointed  out  by  Laureut  and  Gorhardt ;  but  it  is  only  \«-ithin  these  reeent 
days  of  polratomie  radicles  that  the  di^inctiou  has  become  fully  recognised.  Ec^niva- 
lency  is  quite  independent  of  an  eqiitility  in  the  number  of  atoms,  but  rehttes  solely 
to  functions  and  relations  ;  and  tho  previously  assumed  identity  of  the  equivalent  of  ,i 
body  with  its  atomic  weight,  of  its  equivfilent  with  its  atom,  was  mo«t  illogical.  For  K' 
represents  three  atoms  of  potassium,  and  Bi'"  one  atom  of  bismuth ;  but  the  two  expres- 
inons  correspond  to  the  same  equivalent  or  representative  values.  On  the  other  hand, 
there  is  no  equivalency  between  an  atom  of  potaflsitim  or  bismuth  with  an  atom  of  sili- 
con or  tin.  In  order  to  have  equivalency  between  two  or  more  bodies,  they  must  »U 
stand  in  the  same  reflation  to  some  definite  standard  of  comparison. 

When  the  same  body  lias  several  fimictions,  it  is  likewise  possessed  of  serrnd 
equivalents.  Many  of  tho  elements,  for  instance^  have  two  or  more  dietinct  intei^ 
changeable  values  for  hydrogen.  Thus  I  pt.  by  weight  of  hydrogen  may  be  displaced 
cither  by  28  pta.  of  iron,  as  in  ferrous  djioride,  or  by  18*f  pts.  of  iron,  as  in  ferric 
chloride,  and  moreover,  1 87  pts.  of  iron  in  ferric  salts  may  be  directly  exchanged  for 
23  pts.  of  iron  in  ferrous  salts.  It  is  evident  that  the  metid  in  ferrous  salts  is  in  a 
diffe^rent  state  from  the  metal  in  ferric  salts,  and  that  we  may,  if  wo  please^  call  the 
former  frrrosmn.  and  the  latter  ftrricunu  Then  the  equivalent  of  ferrosum  \n'll  Ih» 
28,  and  that  of  ferricum  187.  Simikrly.  we  have  infrcurosum  with  an  equivalent 
of  200,  and  mercuricum  with  an  equivalent  of  100 ;  fflatinosum  with  aa  equivalent 
of  99,  and  pltUinieum  with  an  equivalent  of  49-^;  stannotmn  with  an  equivalent 
of  69,  and  siannicum  with  an  equivalent  of  29*5,  &«,  Assmning  the  correctness  of 
tho  afomie  weights  adopted  in  this  volume,  the  above  equivalents  will  bear  to  their 
ooxresponding  atomic  weights  the  relations  indicated  below. 


Equirak'til  Wt%hti. 

Atomic  WHffhti- 

Ha 

H     «      1 

Ky<lrochloric  acid 

H'Cl 

W     = 

I 

FeCl 

be    =     28 

Ferrous  chloride 

Fe'Cl 

Fe'     = 

28 

fifeCl 

ffe     =     187 

Ferric  chloride 

Fie'CP 

Ffe  -  - 

60 

Hhga 

Hhg=  200 

Mercurous  chloride 

inig'CI 

Hhg"  = 

200 

HgCl 

Hg   ^  100 

Mercuric  chloride 

H^^'Cl 

Hg'   ^ 

100 

PtCl 

Pt    «     99 

Pltttinous  chloride 

Pt'Cl 

Pt'    = 

99 

ptOl 

pt     =    49-5 

Platuiic  chloride 

PtTl' 

Pt-    - 

99 

stnCl 

fltn    =    69 

Stiinnous  chloride 

.SnTl' 

Sn^   = 

118 

sna 

sa     ^     29-5 

Stannic  chloride 

Su""Cl« 

Sn""  = 

lis 

If  the  atomic  weif^lits  of  all  the  above  metals  and  their  respective  chlorides  should 
have  to  Le  doubled,  as  seems  highly  probable  with  regard  to  some  of  them,  their 
equivalents  would  still  remain  unaltered.  It  is  curious  that  Oerhardt,  who  entablished 
the  true  atomic  weights  of  oxygen  and  carbon  in  Heu  of  the  equivalent  weights  pro- 
posed by  Dalton,  and  who  first  pointed  out  the  distinction  between  the  atomic  weight 
end  equivalent  of  a  body,  shonld  have  sought  to  muke  the  atomic  weights  of  all  the 
metals  corre«pond  with  their  respeetive  hydrogen  equivalents.  Thus  he  not  only 
wrote  ferric  chloride  feCl,  and  platinic  chloride  ptCl,  but  looked  npon  the  proportions 
represented  by  t*'  nund  pt  in  the  two  eomjx«nnds  as  the  atoms  of  the  re«ipeetive  metals 
ferricum  and  plntinifura  ;  while  Laurent  contended  even  mort?  strongly  that  they  had 
every  right  to  be  so  considered.  But  the  same  cbiss  of  arguments  which  induces  ns 
to  regard  the  atomic  weights  of  the  chlorous  elements,  sulphur  and  phosphorus  for 
instance,  as  being  twice  and  thr4^e  times  as  great  as  their  respective  equivalents,  must 
induce  us  to  regjini  the  ntoms  of  the  bjisylous  element*,  femcum  and  platinicum,  as 
moltequivalent  also.*     Gerhardt's  formulffi  are  perfectly  admisaible  and  occasionally 

•  It  Ji  rridcnl  ihut  (hp  atom  o''  ferrlr um,  or  the  iiniil1<rxt  Etidiirtf  ible  firoportiou  of  ferrieuiD  wbtcfa  can 
•filer  Into  a  comtiltiiuion,  l«  l%v(ce  ai  hoavjr  u  tbcr  Atom  of  farroiutn,  sad  not  two-tliird*  ai  fawry. 
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_r  eommendabl©,  if  used  tnercly  t/j  represent  eqiuTiilrnt  qiiJiutitirs,  but  they  cannot 

»  correctly  Uied  to  reprceent  the  atoms  of  the  elements  &r  their  i^mallcut  indiriMble 

jombimiig  tiroportions  \  indeed,  Gerimrdt  hiinsolf,  utt^r  he  hud  begun  to  employ  the 

DoIiequiTueDt  oompoand  radidea  presently  to  be  deiicribed,  was  more  and  more  dis* 

)o»eid  to  regard  hiB  Bymbola  as  mere  oxpresaionii  of  equiraJcat  qiiiaiitilie«  and  uot  of 

litomic  weights. 

I      The  doctrine  of  equivalency  \a  not  by  any  means  eon^ned  to  elementary  lv>diea,  but 

ii  applicable  to  all  the  rarietiea  of  compounds^  real  or  hypothetical,  with  which 

chnnistB  are  acquainted,  and  mor^  particularly  to  those  sroupinga  which  aire  denoroi- 

BSted  oompouoa  radicles.     Whether  or  not  wo  admit  the  independent  exiKt^^nce  of 

pONlbrmed  compound  radicles,  it  is  indi^puttible  that  certain  ^upingji  of  atoms  are 

espable  of  being  transferred  from  one  combination  to  another  in  ejtchimge  for  an  iitoni 

of  hydrogen,  or  chlorini\  or  metal;   or  in  othej*  words,  are   capable  of  replacing 

hydiingen,    chlorine,   or  metal   by  equivtilent   ttubatitutlon.      Thus   we   can   transfer 

the  molecular  groupings  whit- h  we  denominate  cyanogen,  CN;   amidogen,  NH';  |M;r- 

tindde  of  hydrogen,  HO ;  benzoyl,  C'H'H^ ;  acetyl,  C=H»0 ;  ethyl,  C«H* ;  amyl,  C*H*',  Ac, 

l^kim  one  com|iound  to  another,  in  exchange  for  one  another,  or  for  hydrogen,  or  ita  re- 

I  ^reiteDtatives,  with  a  facility  by  no  means  inferior  to  that  with  which  we  effect  actual 

lelemeotary  ■ubtrtitutions ;  aad  for  a  long  time  poitt  these  groupings  have  been  looked 

x>o  as  the  representative?  or  eqmvalontii  of  one  atom  of  hydrogen.     Bat  the  notion 

'  niultequi valency,  in  relation  to  compounrl  mdicles,  is  much  more  recent,  it  basing 

ten  firut  announced  by  Williamson  in  1831,  and  then  not  as  a  consequence,  but  as  an 

Dtieipatioa,  of  its  already  described  application  to  several  of  the  basylous  metals; 

whit^  waa  &»t  advocated  by  the  author  of  this  article  in  1864—65.     Just  as  we  can 

l«xchange  an  atom  of  ethyl  {C*H*)'  or  cyanogen  (CN)'  for  one  atom  of  hydrogen,  so  can 

I  we  ezi^iange  an  atom  of  sulphuryl  (SO*)"  or  carbonyl  (CO)"  or  oialyl  {CK}'^)*'  or 

1  ethylene  (C^H*)"  for  two  atoms  of  hydrogen,  and  an  atom  of  phosphoryl  (PO)'"  or 

I  glyeeiyl  (C'H*)'"  for  three  atoms  of  hydrogen,  &c  &c 

J      A  inultequiralent  radicle,  whethcT  elementary  or  compound,  is  characterised  by  the 

[•property  of  combining  eererai  atoms  or  residues  into  one  more  complex  atom,  and  is 

1  t«**nee   spoken  of  as  polyatomic,    the  multe  qui  valency   or  polyatomicity   of  radicles 

being  indeed  one  and  the  same  function,  looked  at  from  a  somewhat  difit-rent  tioint  of 

[  Tiew.     Comparing  chloride  of  bLnmuth,  BiCP,  with  chloride  of  h^'drogen,  3HC1,  for 

e,  the  atom  of  bismuth  is  tri(X|mvalcnt»  inasmuch  afi  it  displaces  tliree  atomg  of 

en,  and  it  is  triatomic,  iuaemuch  as  it  unites  the  three  chlorine  residues  intoono 

ex  atom  or  molecule.     Again,  the  diequivalent  radicles,  ethylene,  C'H*,  and  sul- 

rphuTjli  SO',  by  their  substitution  for  hydrogen,  bind  together  the  residues  of  two  atoms 

t  of  hydrochloric  acid,  of  two  atoms  of  water,  of  two  atomR  of  ammonia,  &c,  A  a,  and  are 

eonsequentlv  diatomic-    Thus  we  have  (C*H*)X1=  and  (S0*)'*C1*  comparable  with  2HC1, 

(C^H'^'BH)*  and  {80=)'71K)»  comparable  with  2H=0.  and  (C^H*)"H*N»and(SO')"H<N* 

comparable  with  2H*N. 

By  refisrring  to  the  article  Culssifioation,  it  will  be  seen  that  in  eveir  definite  mole- 
cule the  sum  of  the  equivalencies  or  atomicities  of  the  constituent  radfcles,  whether 
elementary  or  compound,  is  always  an  even  number,   and  that  the  equivalency  or 
atomicity  of  a  radide  increases  by  one  unit  for  every  atom  of  hydrogen  or  hydrc^n- 
I  ffubstitute  abstracted  from  the  molecule.    In  the  case  of  marsh-ga,«.  OH*,  for  instance, 
i  by  abstracting  S'  we  hare  the  nnicquivalent  radicle  mfihyl  (CH*)',  which  combines 
with  one  atom  of  chlorine  to  form  chloride  of  methyl  (CH')'Cl ;  by  abstraoling  H*  we 
r  Bare  the  diequivalent  radicle  mrfk(//mc  (CH*)".  which  combines  with  two  atoms  of 
r>  form  dichloride  of  methylene,  iCH*)"Cl';  by  abst meting  H'  we  have  the 
at  radicle /(/r/?/v/  (CH)'",  which  unites  with  three  atomw  of  chlorine  to  form 
of  formyl,  (CllfVl' ;  and,  lastly,  by  abstracting  H*  we  have  the  tetreqni- 
I  Talent  radidc  earhon  €r*t  which  combined  with  four  atoms  of  chlorine  to  form  tetra- 


8tTti|)«rtf ,  the  finaU<>4t  proportion  of  pUitnicum  that  can  «»tfrr  into  a  rambinatlon  h«f  cbenmo  wei^litt 
I  Mid  not  onr-haifthe  weight,  of  an  atom  of  j^l^Uinofunt.  B;  reducing  idi  clilfsridw  aud  oxide*  to  proto- 
I  cliloHil«»  and  iirototldei,  mr-  ignme  thr  foliowmg  f«ct»  ?  — 

1«  Thiit  there  ut  a  ^r^M  dUtinction  in  proprrtlpt  l»et«r!(ni  protota^ta  and  df.  or  ■p«qut*«a1ti.     Alumi. 

ilttm,  for  lottiincc,  form*  but  one  *et  ftf  tAltj  :  the»p  nmlighi  wrj  well  be  conMdcred  aj  proto^dilits,  but 
I  Ihry  am  not  to  coD«idercd,  AJinpty  Ijircaujo  their  propertJ<?i  tue  aJtogether  dilTcrtnt  from  tho*e  of  pro- 

%  That  In  irrU-drfined  molecul***,  we  raretx  (Ind  *o  unall  a  qvant^tf  of  piittnlcuTn,  or  of  fprrtrura,  m 
k  Bnrre«pond«  with  Gerturdt'*  atomic  weishli,  but  twice  the  former,  and  three  timet  tlio  iittvr  <}uaiitlty« 
r  that :  - 

Mfdror-hlorat*  of  pUllnamfne       ,       HCl.NTlpi'    f     Iron-alura      .  ...        f<-^K(SO^)». 

I  MydfiHrhloratfofdiplAtinamme    .    HCl  N'll^bi'         Magnetic  ox id«  of  iron         ,       .        f<?*FcO^. 
Amnmcmla-rblortde  of  pUtinum    .     KH*Cl.pt=CI"*     [ 
I  Th«|  twice jpt  and  three  timet  fe,  cr ,  «l,  Arc.  ar*  uinaiif  t'^**  «mttUe*l  <)nant{tii>>  of  pt  anri  fc^  Ac, 
[  tliat  r*n  ret iilt  from,  or  »fffH:t.  tho*c  rtartlon*  in  which  tbe  rrMrlinx  (^uanUtiet  are  dctennined  bjr  th» 
t  of  lotne  other  element  coDccmed,  thui :  — 

K^CCr^O*  +  SnCl  =£  aKCI  +  3crCI  +  4T1^0  +  SCI. 
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chloride  of  carWn,  (r"Cl*,  Again,  it  will  be  oft^n  found  that  the  aame  mdicle  hmt,  and 
muat  hiiTc,  two  or  more  dietiuct  i?qiuvaleiiciefl  or  atomicities.  Tlnm  the  radicle  C'H*, 
when  peauiting  from  the  dehydrogcnafeion  of  tritylene,  G*H*t  is  unieqiiiTiilc'nt  or  moi>- 
Atomic,  and  unitcif  with  one  atom  of  chlorine  to  form  chloridL*  of  allyl  (C'H*  I'Cl ;  but 
when  resulting  from  tho  dehydrogenation  of  hydride  of  Irityl,  C*I1',  it  is  triequivu* 
lent  or  triutomic,  and  unit^^s  with  three  attjras  of  chlorine  to  form  trichlorido  of  glycerol, 
(C*li**'Cl*),  Bat  how  it  is  that  these  relations  subsist,  and  why  it  is  that  they  must 
sabsist,  httTO  been  already  fully  considered  in  the  articlo  on  Classification,  ubove  re* 
ferred  to, 

The  notion  of  equivalency,  hitherto  exemplified  in  its  upplication  to  elementaiT  a»d 
compound  nidielea,  may  likewise  be  extended  to  molecules,  though  with  a  less  degree 
of  precision.  Thus  erery  molecule  contaiEiDg  a  dispkceable  atom  of  hydrogen,  or  the 
rcpresentulive  of  a  displaced  atom  of  bydrtJgen,  is  in  one  sense  eqniralent  to  a  motecule 
of  hydrochloric  acid,  HCl,  or  to  the  double  atom  of  hydrogen,  H' ;  but  in  another 
sense  it  may  be  equiralent  to  very  many  such  molecules  or  double  atoms.  Por  inatiince, 
a  molecule  of  water,  II '0,  is  in  ouo  sense  equivEdent  to  a  molecule  of  hydrochloric 
acid,  HCL  Both  molecules,  when  treated  wi^th  metallic  sodium,  lose  an  atom  of 
hydrogen  in  excliange  for  an  atom  of  sodium,  which  remains  combined  with  tlie 
residues,  CI  und  HO  respectively,  which  residues  are  capable  of  being  freely  exdianged 
for  and  ore  consequently  equivalent  to  one  another ;  as  in  the  following  example :  — 
NO.Cl  +  Na.HO  «  NO.HO  +  Na^Cl,— so  that  wo  have  H«  equivident  to  HCl,  equi%-»- 
lent  to  HK)*  Again,  the  molecule  of  sulphuric  add,  H*SO*,  is  equivalent  to  a  mole- 
cule of  hydrochloric  acid  or  of  water;  for  we  are  acqiiaLnted  with  scores  of  instances 
in  which  the  molecules  HCl  and  H^O*  effect  precisely  similar  reactions^  or  in  whieh 
the  reaidues  CI  and  HSO*  are  muttially  interchangeable^  thus: 

JC'H*0    +  HCl      =  CFH*,C1        +  H*0 

JC^H'O    +  H^'SO*  =  C"-H*.HSO*  +  H'O 

C^H^Ci  +  H'SO*  =  C"H\H30*  +  HCl 

But  in  other  eases  we  Qnd  the  molecules  of  water  and  fiulphuric  ftcid  fiquivaleiit  to 
two  molcijules  of  liydrochlorie  acid,  thus  : 

H^SO*  +  Ka*  ^  Na-SO*  -f  H" 
H'O  +  Na'  -  Nu*0  +  H^ 
2HC1    +  Nei'  =  2NaCl    +  H> 

Moreover,  though  in  the  above  instances  the  molecules  of  sulphunc  acid  and  water  are 
equivalent  to  one  another,  yet  in  other  instances  one  molecule  of  Bulphurio  acid  is 
equivalent  to  two  molecules  of  water,  thus :  — 

H'so*  -I-  2Pa*  ^  so»a*  +  h«cp  +  2Pa'o 

2H«0    +  2PC1*  -    H^Cl»  +  H'Cl*  +  2PC1'0. 

Or  the  molecule  of  hydrochloric  acid  being  equivalent  to  two  atoms  of  hydrogen, 
the  molecule  of  water  is  equivalent  sometimes  to  two,  sometimes  to  four,  atoms  of 
hydrogen,  and  the  molecule  of  sulphuric  acid  to  two,  four,  aix,  or  eight  ut^tna,  &c. 
We  have  already  seen  that  marsh  gas,  regarded  as  hydride  of  methyl,  C11*,H,  is  equi- 
valent to  two  atoms  of  hydrogen  ;  but  regarded  aa  dihy<lride  of  methyleDC,  CH*.H-,  it 
is  equivalent  to  four  atoms  of  hydrogen  :  regarded  as  trihydride  of  formyl,  CH.U',  it  is 
equivalent  to  six  atoms  of  hydrogen  ;  while  regarded  as  tetruhydride  of  curbon,  C'^H*, 
it  is  equivalent  to  eight  atoms  of  hydrogen.  We  thus  arrive  at  the  conclusion,  that 
the  maximum  equivalency  of  ony  molecule  is  the  sum  of  the  equividencies  of  its  con- 
Rtituent  atoms,  whilst  its  minimum  eqmvalency  is  that  of  the  most  simple  type  to 
which  it  can  be  referred.  Genenilly  apeaking,  however,  when  comparing  the  equiva- 
lencies of  moro  or  less  similarly  functioned  bodies,  we  consider  them  to  be  formulated 
upon  those  type«  with  which  their  most  characteristic  reactions  correspond.  Thus, 
although  every  dibasic  acid  is  of  necessity  monobasic  also,  and  capable  of  undergoing 
a  whole  tferins  of  reactions^  and  producing  a  whole  aeries  of  comjiounds,  whicJb  aro 
strictly  comparable  to  those  of  au  undoubt^-d  monobasic  acid,  yet  we  seldom  refer  it 
to  A  monatomic  type,  but  remember  only  its  more  characteristic  dibasic  habitudes, 
and  represent  its  equivalency  as  double  that  of  a  monobasic  acid*  For  example,  we 
do  not  UBoally  accord  to  sulphuric  acid  the  formula  H  (HSO*y  comparable  with  HCl, 
nnd  equivalent  to  two  hydropen-atoms,  but  rather  the  formula  H^  (SO*)"  eompornblo 
with  2HC1,  and  equivident  to  four  hydrogen-atome,  and  so  in  other  instancea.     W.  0, 

ISItBlvnS,  The  metallic  radicle  of  erbia,  one  of  the  earths  associated  with  yttria. 
Its  atomic  weight  has  not  been  detemiiut'd. 

Erbia  was  discovered  in  18t3,  by  Mosauder  (Ann.  Ch.  rharm,  xlviii.  219);  its 
name  is  derived  froni  Ytterby,  the  loc^  ty  of  gudolinite,  in  which  mineral  erbia  occurs 
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together  with  yttria  and  terbU.  These  three  earths,  which  were  formetlj  oonfbanded 
toother  nuder  the  general  name  yttria,  differ  from  one  another  in  basic  power,  erbia 
being  the  weakest ;  but  no  complete  method  of  separating  them  has  jet  been  discovered. 
A  putial  separation  is  effected  by  firactional  precipitation  with  caustic  ammonia  £rom 
the  solution  of  the  nitrates,  or  with  acid  oxalate  of  potassium  from  that  of  the 
sulphates,  erbia  going  down  firsts  then  terbia,  and  lastly  yttria.     (See  Yttbium). 

Erbia,  obtain^  by  i^ting  the  precipitated  hydrate,  has  a  deep  yellow  colour; 
when  prepared  by  igniting  the  oxalate  or  the  nitrate,  it  is  lighter  in  colour,  probably 
on  account  of  finer  mechanical  diTision.  When  ignited  in  hydrogen  gas,  it  yields  a 
small  quantity  of  water,  and  becomes^  colourless.  It  dissolves  in  hydrochloric  acid 
without  perceptible  evolution  of  chlorine.  The  solutions  of  its  salts  are  colourless. 
The  sul{mate  nas  a  sweetish  taste,  and  crystallises  like  sulphate  of  terbia  (q.  v.%  but  is 
distinguished  therefrom  by  not  efflorescing  at  BO^  C,  even  when  kept  at  that  tempera- 
ture for  a  week.  The  solution  of  the  nitrate  does  not  become  coloured  when  concen- 
trated ;  and  the  salt,  which  forms  radiating  crystals,  often  colourless,  but  sometimes 
with  a  reddish  tinge,  does  not  deliquesce ;  in  both  these  respects,  it  differs  from  sul- 
phate of  terbia. 

SBBBCAOAVSXS  or  Decay,  A  slow  combustion  taking  place  in  presence  of  air 
and  water,  and  accompanied  by  a  kind  of  fermentation.  The  water  doubtless  acts  in 
this  process  in  the  same  manner  as  in  the  rusting  of  iron,  viz.  by  absorbing  the 
oxygen  of  the  air,  and  transferring;  it  in  the  liquid  form  to  the  constituents  of  the 
otganie  compound.  Simple  oxidation  of  organic  substances  in  the  air,  such  as  the  con- 
version of  aldehyde  into  acetic  add,  or  the  resining  of  volatile  oils  by  exposure  to  the 
air,  are  not  generally  regarded  as  instances  of  eremacausis. 

In  eremacausis  or  decay,  the  carbon  and  hydrogen  of  the  compound  are  converted 
by  combustion  into  carbonic  add  and  water,  while  the  nitrogen  either  escapes  in  the 
form  of  gas,  or  is  converted  into  nitrons  and  nitric  add.  As  in  this  process  the  com- 
pound continually  loses  more  and  more  carbon  and  hydrogen,  it  might  he  supposed  that 
the  residue  would  become  continually  richer  in  oxygen.  This,  however,  is  not  always 
the  case.  For  while  the  carbon  of  the  compound  is  combining  with  the  oxygen  of 
the  air  and  forming  carbonic  add,  it  is  possible  that  a  large  portion  of  the  oxygen 
contained  in  the  compound  may  go  off  with  the  hydrogen  in  the  form  of  water,  so 
that  the  residue  may  become  richer  in  carbon  than  the  original  compound.  Such, 
according  to  Saussure,  is  the  process  which  takes  place  in  the  decay  of  wood,  and  its 
conversion  into  humus  or  mould,  a  substance  which  is  richer  in  carbon,  but  is  after- 
wards, by  a  further  process  of  decay,  completely  converted  into  carbonic  acid  and  water. 

A  decaying  substance  may  bring  other  bodies  into  the  state  of  slow  combustion. 
Decaying  organic  substances  surrounded  with  a  mixture  of  hydrogen  gas  and  air  or 
oxygen,  cause  it  to  condense  in  the  form  of  water  (Saussure).  Decaying  substances 
in  contact  with  water  and  alcohol  cause  the  latter  substance  to  oxidise  and  form 
acetic  add.    (Liebig.) 

Eremacausis  is  accompanied  by  evolution  of  heat ;  which  in  most  cases,  in  conse- 
quence of  the  slowness  with  which  it  takes  place,  and  the  cooling  produced  by  surround- 
ing olyjeets,  amounts  to  only  a  few  degrees,  but  when  large  masses  are  concerned,  may, 
luraer  fkvoarable  dxcumstances,  rise  to  such  a  height  as  to  induce  rapid  combustion 
(see  CoKBUsnoif,  L  1093).  In  some  few  eases,  eremacausis  is  attendea  with  develop- 
nent  of  lights  as  in  decaying  wood,  ice. 

With  reg^  to  the  behaviour  of  nitrogen  in  eremacausis,  a  great  number  of  par- 
ticulars have  to  be  observed. 

1.  The  nitrogen  of  an  organic  compound  escapes  in  the  form  of  gas,  especially  if 
the  air  has  free  access,  or  the  compound  is  exposed  to  the  sun,  and  no  salifiable  bases 
■re  presents 

2.  It  is  converted  into  nitric  add,  especially  with  tree  access  of  air,  in  the  shade, 
and  in  presence  of  a  salifiable  base,  which  favours  the  formation  of  the  nitric  add. 
This  base  may  be  potash,  soda,  lime,  or  magnesia,  in  combination  with  carbonic  add 
or  a  vegetable  acid:  for  the  carbonic  add  escapes  as  fast  as  the  nitric  acid  comes  in 
contact  with  the  potash,  and  the  organic  acid  is  destroyed  by  the  slow  combustion. 
The  ammonia  produced  by  fermentation  in  the  interior  of  the  mass  may  also,  when  it 
reaches  the  surfSM^e,  induce  the  oxidation  of  the  nitrogen  which  is  there  beins  set  free, 
and  form  nitrate  of  ammonia  by  combining  with  it,  as  was  formerly  observed  by  Thaer 
and  Einhof,  in  the  putrefaction  of  cow-dung.  If  fixed  salifiable  bases  are  present,  the 
nitrogen  of  the  ammonia  itself  may  also  be  oxidised  and  converted  into  nitric  add. 
(Kiihlmann.)  According  to  Vaudin's  experiments,  the  formation  of  nitric  add 
appears  to  be  preceded  by  that  of  nitrous  acio. 

3.  The  nitrogen  of  the  compound  unites  with  its  hydrogen,  and  forms  ammonia, 
which  generally  escapes  as  carbonate.  This  ammonia  is  not  so  much  a  product  of 
cremacsii<ns  as  of  fermentation. 

Vou  H.  K  K 
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4.  Kon-asotlsed  organic  eompounds  tipp«ar,  xmier  oerUiii  ctrcuioBtaiioet,  to  absorb 
nitrogen  fh)m  the  air  durmg  eremacausU,  ettber  in  the  fbrm  of  ammoma  or  of  mtroos 
acid. 

Extract  of  Hyoscyamux^  when  kept  for  a  long  time,  forms  carbooflt«  of  ammonia  in 
the  io tenor  of  its  mat's,  but  becomes  coTcred  on  the  suritice  with  cecdlefi  of  nitrate  of 
ammonia.     (Flaschoff.) 

The  UaTes  of  mangold wurzeV  grown  on  a  poor»  E>andj  aoil,  do  not  contain  any  per- 
ceptible i^nantity  of  nitre  (tlioao  wliich  grow  on  a  rich  soil  eonfain  a  considera- 
ble  quantity),  but  chiefly  malate  and  oxiUat*  of  potassium.  But  when  suspended 
on  threads  fur  some  months,  they  become  thoroughly  penetrated  with  nitre  and 
covejod  with  fine  ctjstals,  nitric  acid  having,  in  fact,  been  formed  by  deeomposi- 
tion  of  the  azofised  matter  in  the  leaves  ;  the  oxalate  and  malate  iire  found  to  haTe 
disappeared  entirely,  (Braconnot,  Arm,  CL  Fhya.  jcxxr.  261;  also  Pogg.  Ann. 
X.  606.) 

Extract  of  quassia,  altar  a  jeai's  ezpoffnre  to  the  air,  contains  more  nitre  than 
it  would  contain  if  kept  for  tho  aama  time  in  dose  Teasels.  (Plane he,  J.  Pharm. 
zxiii.  £48.) 

Extract  oi  Borago  officinalis,  when  not  sufficiently  eraporatod,  giTca  offnitxie  oxidfl 
gas  on  being  stirred.     (Guibourt,  J,  Pharm,  xii,  134.) 

The  aqueous  infusion  of  oraugn  leaves  evaporated  in  tiie  air  on  flat  dishes,  yields^ 
aeconling  to  Vsudin,  no  extmct»  which,  if  exposed  for  a  few  hours  to  damp  air^  and 
then  collected  in  a  pTit>  swells  up  couftiderably,  from  evolution  of  nitrous  acid,  and 
continues  for  some  months  to  give  off  this  gaa,  whenever  it  is  stirred. 

It  appears  to  be  the  woody  fibre  of  plants  which  more  especially  attracts  the  nitro- 
gen of  tbe  air:  and  the  nitrogen  thus  iibsorbed  takes  up  oxygen  and  remains  combined 
with  the  woody  fibre  in  the  form  of  nitroujs  acid,  till  that  acid  is  transformed  into 
nitne  add,  which  then  unit<^s  with  the  potash  and  lime  contained  in  the  salts  of  the 
vegetable  acids  present.  When  liquonce-wood  is  exhausted  S2  times,  first  with  cold, 
and  then  with  hot  water,  the  last  extract  still  gives  off  nttiQiQS  fumes  when  treated 
with  tartairie  acid.  The  juico  expressed  from  the  fretb  herb  of  Lya^ptit  mrvgntu  ooii« 
tains  neither  nitrous  acid  nor  nitre :  but  the  exhansted  residue,  aUsr  iomr  mtika^ 
exposore  to  the  air,  yields  with  hot  water  an  extract  which  gives  off  nitrous  add  when 
treated  with  tartaric  acid,  and  dcflagratps  on  red-hot  cotds.  Whon  Icelaud  moes 
(lAthfn  ithndiius)  is  several  times  eximnsted,  first  with  cold  and  then  with  hot  wat^ 
and  exposed  to  the  air  for  some  timo  aft«r  each  immersion,  all  the  extracts  yield  mtrous 
acid  and  mtre,     (Vaudin,  J.  Chim.  mM.  i.  674;  ix.  321.) 

When  the  air  has  but  partial  aecesa,  part  of  the  hydrogen  of  the  organic  compound 
appears  to  combine  with  the  nitrogen  of  the  air  and  form  ammonia,  which  can  then 
swpply  the  requisite  quantity  of  nitrogen  to  the  fiingi  which  grow  upon  these  putrefy- 
ing .substances. 

When  an  acjueous  solution  of  ratlk-su^nr  or  common  sugar  is  left  for  three  months 
in  a  Btoppered  brittle,  together  with  a  sevenfold  volume  of  air,  and  the  mould,  which 
is  produced  in  particular  abtrmdance  from  the  milk-sugar,  is  subjected  to  dry  distilla- 
tion, a  large  quantity  of  ammonia  is  obtained  ;  hence  there  has  been  produced  in  the 
fUngua,  together  with  cellulose,  a  nitpogeaous  substance,  doubtless  of  albuminous  nature ; 
for  when  the  fungus  produced  from  milk-aui?Br  is  digested  in  acetic  add,  a  liquid 
is  obtained  whidi  givies  a  precipittite  with  fiTrorjunide  of  potassium.  Starch  from 
arrow-root,  when  kept  under  water  in  a  bfjttle  also  c<jntaining  air,  soon  becomes  very 
turbid,  and  in  ten  weeks  forms  a  wiiito  deposit,  together  with  a  la:^  quantity  of 
mould  in  the  mass,  and  finally  also  a  little  on  the  surface.  A  fungus  of  this  kind  ob- 
tained from  potiito-stHPch  yielded  strong  traces  of  ammonia  when  subjected  to  dry 
distillation*  A  mixture  of  humic  acid  and  sugar,  moistened  with  a  small  quantity  of 
wat^-r,  and  kept  for  six  months  in  a  closed  vessel  containing  air,  gives  off  a  large  quan> 
tjty  of  ammonia  when  treated  with  potash.  In  a  similar  manner,  woody  fibre,  which 
putrefies  'w\\\i  scanty  aeces.**  of  air  in  the  lower  strata  of  a  vegetable  f?oil,  appears  to 
form  ammonia,  part  of  the  liydrogen  of  the  wood  combining  with  the  oxygen  of  the 
air,  and  another  portion  with  the  nitrogen.  This  ammonia,  aceorflmg  to  Kiihlmanu'ii 
BupDOBitiou,  may  be  afterwards  transfurraed  into  nitrie  acid.  In  this  manner  we 
mignt  explain  the  formation  of  nitrti  in  the  caves  of  Zeilan  described  by  J.  Davy, 
where  no  animal  substances  can  be  discovered  [there  are,  however,  nitrogenous 
vegetable  matters  prescntl ;  also  the  formation  of  nitre  in  India,  Spain,  ^ypt,  in  the 
grottoes  on  the  hanks  of  tho  Seine,  and  in  many  cellars.  (Mulder,  JTpr.  Chem, 
xxxii.  326,  344.) 

Damp  wood,  putrefj  ing  in  confined  air,  converts  the  oxygen  of  the  air  into  an  equal 
Tolmne  of  carbonic  anhydride,  producing,  at  the  same  time,  much  more  wator  tlian 
carbonic  anhydride  (Kaussure).  At  the  same  time,  however,  a  small  quantity  of 
uifirogoii  is  abaorbed  from  the  air,  and  some  of  it  is  converted  into  ammouia^  wbils 
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the  remainder  enters  as  nitrogen  into  the  composition  of  certain  fangoid  substanceSj 
which  are  formed  at  the  same  time.     (Hermann,  J.  pr.  Chem.  zxvii.  165.) 

Many  organic  compounds  do  not  undergo  slow  combustion  at  ordtnaiy  temperatures 
or  in  the  dark,  but  exhibit  that  phenomenon  when  moderately  heated  or  exposed  to 
li^t,  especially  to  direct  sunshine. 

Air  is  neceesary  as  well  as  heat ;  substances  which,  between  100^  and  120^  C, 
snfTer  no  alteration  out  of  contact  of  air,  decompose  in  the  air,  even  when  but  slightly 
heated.    (Cheyreul,  Analyse  Organigue^  p.  69.) 

Compounds  which  remain  unalterea  when  exposed  to  the  air  at  medium  tempera- 
tures in  the  dark,  become  changed  when  likewise  exposed  to  light.  These  changes, 
due  to  the  action  of  lights  are  especially  conspicuous  in  many  organic  colouring  matters, 
sach  as  indigo,  prussian  blue,  safflower,  turmeric,  and  the  colours  of  many  flowers  which 
are  bleached  thereby.     (Cheyreul.) 

Coloured  fabrics,  e.g,  silk  and  wool  dyed  with  safflower,  weld,  or  turmeric,  which 
gmdoally  fade  on  exposure  to  sunlight,  suffer  the  same  change  in  an  hour  or  two, 
when  subjected  in  the  dark  to  a  heat  between  160°  and  200°  C,  the  air  having  access 
to  them  at  the  same  time.  (Gay-Lussao  and  Th^nard,  Secherches  physico' 
ddmi^[U£s,  ii  166 ;  Gkn.  yii  96.) 


A  silicate  containing  cerium  (perhaps  an  impure  orthite), 
ftom  the  island  of  Btoko,  near  Brerig,  Norway,  where  it  occurs  in  dark  brown,  trans- 
Incent,  imbedded  grains  and  folia,  with  no  traces  of  ciystallisation.  Lustre  vitreous. 
Specific  gravity  3*1.  According  to  a  preliminary  analysis  by  Blomstrand  (Pogg.  Ann. 
Ixxxvii.  168),  it  contains  31*35  per  cent,  silica,  34*89  oxides  of  cerium  andkntha- 
Dum,  11*71  alumiba,  6*46  lime,  8*52  ferrous  oxide,  086  manganous  oxide,  1*48  yttria, 
4-38  water  and  loss. 


The  name  ^ven  by  Shepard  (Sill.  Am.  J.  xxxii.  341  ;  xxxiii. 
70)  to  a  ceriferous  mineral,  which,  according  to  Berzelius,  is  perhaps  fluocerite,  but  is 
regarded  by  Dana  as  monazite  (q.  v.),  almough,  according  to  Shepard,  it  contains 
fluorine. 


The  active  principle  of  ergot  of  lye.  It  is  obtained  by  treating 
the  ergot  with  ether  to  remove  fatty  and  waxy  matters,  digesting  the  residue  in  boiling 
aleohoT,  concentrating  the  solution  by  evaporation,  and  preoipitating  by  cold  water. 
It  is  a  red-brown  powder,  having  a  sharp  bitter  taste,  infusible,  insoluble  in  water, 
ether,  and  dilute  acids,  soluble  in  alcohol,  strong  acetic  acid,  and  caustic  potash; 
sulphuric  acid  dissolves  it  with  red-brown  colour.  Its  action  on  the  animal  economy 
is  said  to  be  slowly  but  mortally  narcotic.      (Wiggers,  Ann.  Ch.  Pharm.  L  171.) 

aSZOA  CASVSA.  This  plant,  grown  on  a  magnesian  limestone  soil,  and 
gathered  in  June,  gave  off  48*75  per  cent  water,  at  100°  C,  and  the  dry  residue  yielded 
2-66  ash,  containing  21*95  per  cent.  K«0.  1*46  Na'O,  3207  CaH),  14*28  Mg*0,  3*44 
FeK)«,  trace  of  manganic  oxide,  5*43  P*0*,  5  44  S0»,  3*57  NaCl,  and  12*38  silica. 
(Rothe,  Ann.  Ch.  Phann.  Ixxxvii.  118.) 


Syn,  with  Calluica.  Vxjloa.bis  (i.  722). 

According  to  Roohleder  (Ann.  Ch.  Pharm.  Ixxxiv.  368)  all  plants 

of  this  order  contain  tannic  acids,  the  anhydrides  of  which  may  be  represented  by  the 
general  formula  C»*H«0»,  «.  ff. 

Gallic  aeid  C'*ff*0**  in  Arctostaphylos  uva  ursi 

Callutannic  acid  C"H"0«   „  Calluna  vulgaris 

Rhodotannic  acid  C"H*K)*   „  Rhododendron  ferrugineum 

Leditannic  acid  C'*H>K)<   „  Ledum  palustie 

and  according  to  Euberth's  investigations  {loc.  cit)  Erica  herbacea  contains  a  similar 
add,  the  anhydride  of  which  is  C'^H'^O'.  All  these  adds  (excepting  pdlic  acid)  turn 
ferric  salts  green,  form  a  yellow  precipitate  with  stannic  chloriae,  and,  when  heated 
with  sulphuric  or  hydrochloric  acid,  give  up  the  elements  of  water,  and  form  a  yellow 
or  red  colouring  matter.  They  all  contain  ericolin,  a  volatile  oil,  and  probably  also 
small  quantities  of  citric  add  (Rochleder).  According  to  Uloth  (Ann.  Ch.  Pharm. 
czi.  215)  idl  ericaceous  plants  yield,  by  dry  distillation,  a  crystallisable  substance 
called  ericinone. 


rO&.    C'*ff*0.     A  product  of  the  decomposition  of  ericolin  (p.  500) 

and  of  pinipicrin,  obtained,  together  with  glucose,  by  distilling  either  of  those  sub- 
stances wi&  dilute  sulphuric  or  hydrochloric  add.  It  then  passes  over  as  a  voktile 
oil,  colourless  at  flrst,  but  sooner  turning  brown,  firom  oxidation  (Rochleder, 
Bchwars,  and  Kawalier).      Its  formation  from  ericolin  is  zepiesented  hy  the 
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damrt-ion,  0"*H**0"  -f  4H«0  *  4C*H'*0»  ■¥  C>*H'«0  ;  and  from  pinipjcriD.  W  C«H"«0»i 
+  2H*0  =*2C*H;«0»  +  c*m'*o. 

The  same  voktUp  oil,  but  already  somcwhAt  altered,  ia  obtained  hy  distilliDg  wii^ 
iraiter  the  leaves  of  Calluna  vulgaris,  Ehododtndron  fem^inewm  (Rochlpder), 
ArrtfiMtaphiffos  uva  urn  (Kawalier),  Ledum ptdustre  (Willi gk)^  and  Erica  hrrhacea 
(Ku  berth). 

The  Tolatik  oil  of  Ledum  palusire  w  a  miiture  of  erieiBol  with  valeric  acid,  another 
oilj  acid,  aiid  an  oil  isomeric  with  oil  of  tttrpentiiK*,  boiling  at  160°  C.  When  fireed 
from  the  ncldt*  by  repeated  agitation  with  potauh-lej,  then  waahed  and  dohjdrHtHl, 
it  yields  by  distiUatiou  between  116®  and  160°  C.  a  mirtnre  of  ericinol  and  non- 
oin'genated  oil,  but  between  *IZG^  and  2fi(P,  chiefly  ericinol,  while  a  reain  remaina 
benind. 

Ericinol  thai  obtained  is  a  bltuih  green  oil.  baling  a  disa^eeable  ^mell.  and  barning« 
nauaeonalj  bitter  taste,  and  boiling  between  240^  and  242^  C.  When  once  distilled 
with  sticks  of  potash,  it  is  partially  discolonred,  has  a  specific  gravity  of  0874  at  30°» 
and  containK  on  the  average  79  9B  per  cent  carbon  and  11  03  hydrogen,  agreeiag 
apppoximatelj  with  a  formula  C"H"0  (calc.  78  9€  C  and  10*62  H).  By  eobohation 
with  excess  of  salid  potjieb,  it  is  converted  into  a  nonH>zjgenat6d  oil,  C^H**  (Frohde^ 
J.  pr.  Chcm,  buLxii  181). 


CGXlfOWX.  C»H^W(?)  (Ulotb,  Ann,  Ch.  Phann.  cxi.  216.)  An  indiffeicot 
cri-8t4illi!it*  siuhi^innce,  obtained  by  the  dry  distillation  of  oric&ceous  plants.  On  snb* 
milting  the  eitmct  of  a  plant  of  this  order  to  dry  distillation,  and  precipitating  the 
liquid  diatillftte  with  acetate  of  lead,  ericint>ne  remains  dis^lv*^  and  may  be  obtained 
in  the  erystallino  form  by  procij^itating  tbe  lead  with  sulphydric  add,  evaparating 
the  filtrate  to  dr^eea,  and  sublinung  the  roaiduA  between  two  watch-glnapes  m  small 
quantities  at  a  time. 

Pore  ericinone  sublimes  in  featheiy  groups  of  white  crystals  having  a  silky  Itistre, 
It  dissolves  ciiBily  in  alrohol  and  ether»  ana  cryatallises  from  tlie  alcoholic  tiolution  in 
quadmtic  needles,  acnuiinated  with  triangnlar  or  rhombic  faces.  Its  solution, when 
&eah,  is  neutrsil  to  vegetable  colour&i  hut  decomposee  ijcradually^  turning  brtjwn  rind 
acquiring  au  acid  reaction :  the  crj'stala  likewise  undi*rgo  slow  alterarion,  espcciaUv 
under  the  influence  of  Hghl  Ericiuone  is  inodorous,  but  has  a  sweftfah  ta«te,  with 
somewhat  astringent  after-tustev.  It  melts  at  aboat  107^  C,  and  8oIidifi«s  in  the 
cry^t4illiiie  stat«,  Sublimntion  begins  far  below  the  molting  pomt;  at  higher  iempe- 
rattires  it  is  attended  with  partial  carbonisation. 

The  snlution  of  ericinone  is  not  precipitated  by  o^^teie  <?/ ?#n^f,  either  neutral  or 
basic,  bat  on  addition  of  ammonia  a  white  precipitate  is  formed,  wliicb  aftt'rwards 
becomes  dark-coloured.  It  is  not  altered  hj  ferrous  or  ferric  salts :  it  quickly  r^uc^s 
mlver  ^nd  gi}ld  from  their  salts;  platinum  from  the  chloride  on  addition  of  ammonia, 
and  boiling;  evproits  f*xid€  from  an  alkaline  cupric  solution,  even  in  the  cold.  In  con- 
tact with  aikali^f  it  quickly  tinrns  brown  and  ab^Kirbs  oxygon,  the  colour  disappearing, 
however,  as  soon  as  all  the  ericiuone  is  decomposed, 

AitHc  acid  converts  eritMUone  into  oxalic  acid.  Hydrochloric  acid dmsoWet  it  without 
decomposition  ;  but  on  adding  chlorate  of  potassium  to  the  warm  solution,  chloranil, 
(Xn*0*,  separate-*  out. 

According  to  Utoth's  analyaefl,  ericinone  contains  62'8S — 63*40  per  cent,  carbon  and 
6-48^o"2fl  hydrogen,  whence  he  deduces  the  formula  C^IP*C^  or  C"H«0*  (calc  6316 
carbon  and  6'2G  hydrogen).  He  thinks  it  probable  that  ericinone  is  a  product  of  the 
deconi position  of  ericotin,  Ilesse  (Ann.  Cli.  Pharm.  cxiv.  301)  regards  ericinone  as 
identical  with  hydroquinone ;  but  Zwengcr  (I'/^irf.  cxv.  108),  nnder  who&e  direction 
Uloth's  experiments  were  made,  la  of  opinion  that  the  two  bodies  are  distinct, 

SRZGO&nr.  A  resinous  substance  found  in  several  plants  of  the  ericaceous 
OFtJor,  espeeially  in  the  herb  of  the  miirsh  wild  rosemary,  Lrdttm  pa/uAtre  (Roebleder 
nnd  Scbwarx,  Ann.  Ch.  Pharm.  Ixxxiv.  368),  less  abundantly  in  the  common  heath 
or  ling,  Calhina  vulgaris  (Rochleder,  ihid.  364),  in  lUuydodtndro^n  ferruffm^im 
(Schwarz,  ihid.  301),  and  in  the  red  bearberry,  A  rciostaphylos  uva  ursi  (Kawalier, 
Wien.  Acad.  Bt^r.   ix.  29). 

It  is  ppcpai-ed  from  Ledum  pcdusire  by  throwing  the  cbopped  leaves  into  boiling 
water  and  boiling  for  several  hours ;  then  straining  the  liquid  j  precipitating  with 
basic  acetat-e  of  lead ;  eva|>oniting  the  filtrate  in  a  r«tort  to  one-third  of  its  bulk; 
filtering  from  the  pepiirated  lead-salt ;  freeing  the  liquid  from  lead  by  sulphydric  add  ; 
evapoiuting  the  filtrate  to  an  ejttract  j  ancl  dissolving  out  the  ericolin  by  anhydrous 
etht^r-alcohoL  The  substance  left  ou  evaporating  this  solvent  is  then  repeatemy  dissolved 
in  ether-alcohol,  till  it  no  longer  kftves  any  residue.     (Rochleder  and  Schwars.) 

Ericolin  may  also  be  separated  from  the  mother-liquor  obtained  in  the  preparation 
of  arbutis  fr^m  thn  leaves  of  red  bearberry  (i.  364),  by  heating  that  uquid  nith 
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kydioehloric  or  sulphuric  acid ;  it  is  then  deposited  as  a  resinous  precipitate,  which  may 
be  purified  by  solution  in  alcohol  and  precipitation  by  water.    (Kawalier.) 

Ericolin  obtained  by  the  first  process  is  a  brownish-yellow  powder,  which  cakes 
-  together  at  100^  C.  ana  has  a  yeiy  bitter  taste.    Bochleder  and  Schwarz  found  it  to 
contain  (after  deduction  of  10*6  percent  ash)  5171  percent,  carbon  and  7*19  hydrogen ; 
whence  they  deduce  the  formula  C«H*«0«  (6100  C  and  700  H). 
Heated  with  dilute  sulphuric  add,  it  is  resolyed  into  ericinol  and  glucose : 
C»<H*H)"  +  4H«0  =  C'»H»«0  +  4C*H»0«. 


A  cnpric  arsenate,  occurring  in  mammellated  crystalline  groups,  of  a 
fine  emerald-green  colour,  in  the  county  of  Limerick,  Ireland^  Specific  gravity  »  4*043. 
Hardness  -■  4*6 — 6.  Lustre  almost  dull,  slightly  resinous.  Streak  green,  paler  than 
the  colour.  Subtranslucent  or  nearly  opaque.  Brittle.  Contains,  according  to  an 
approximate  analysis  by  Turner  (Ann.  PhiL  [2]  iv.  164),  33*78  per  cent.  AsH)*, 
69*44  Cu'O,  601  water,  and  1*77  alumina;  whence  the  formula  6CuH).As«0»  +  2HK), 
or  Cu»AsO\2CuHO. 

The  name  erinite  has  likewise  been  applied  to  a  yariety  of  bole  found  at  the  Giant's 
Caoseway.    (See  analysis/,  i  618.) 

BBlOVBOmUBK  VAOnrATina.  Har^s-taU  Cotton  Grass, -^The  plant 
grown  on  a  marshy  peat  soil  in  the  neighbourhood  of  Berlin,  yielded  in  the  fresh  state 
67*13  per  cent,  water,  41*66  organic  substance,  and  1*22  ash.  Of  the  ash,  47*43  per 
cent  was  soluble  in  water,  32*03  soluble  in  weak  nitric  add,  20*64  insoluble  in  nitrio 
add. 

The  ash  contained  in  100  pts.  82*26  SiO«,  4*69  C0«,  2*18  S0«,  6*10  PK)»,  3*74 
Mn«0.  3*86  Fe*0*,  4*38  Mg«0,  10*48  Ca«0,  116  NaK),  28*62  K«0,  2*40  NaCl,  0*34 
KCL     (R  Witting,  J.  pr.  Chem.  bdx.  149.) 

■miTAnxO  AOZB.  C'*H>*0^ — ^A  constituent  of  Erica  herbaeea.  It  colours 
iron-salts  green,  and  is  decomposed  by  sulphuric  add,  yielding  a  yellow  colouring 
matter  called  erixanthin. 


An  imperfectly  crystallised  silicate  from  the  Erzgebirg,  of  greenish 
0ey  colour,  with  traces  of  finely  laminated  structure.  Specific  gravity  »  3*0 — 3*1. 
Hardness  between  apatite  and  felspar.  Melts  before  the  blowpipe  to  a  clear  bead,  and 
dissolves  with  greenish  colour  in  borax  (Handw.  d.  Chem.  V*  Aufl.  ii  966).  Accord- 
ing to  Lampadius,  it  is  a  silicate  of  calcium.  C.  Gmelin,  on  the  other  hand,  found  it 
to  contain  6316  per  cent  Si0«,  14*03  A1*0«,  714  Fe«0»,  0*64  Mn*0»,  14*4  CaK),  6*42 
Mg^,  2*61  NaK),  and  0*6  loss  by  ignition.     {Rammelsberg's  MineralchenUe,  p.  771.) 

SBSBTZTB.  Pure  lime  labradorite  from  Ersby  in  Finland,  formerly  regarded  as 
anhydrous  scolecite.    (See  Labbadobitb.) 

JUtUBBSCXTB.    Purple  copper  (p.  78). 

BBVCSXO  AOXB.  C^H^O^ — An  acid  obtained,  together  with  oleic  acid,  by  the 
saponification  of  the  fixed  oil  of  white  mustard  {Sinapis  alba).  The  oil  is  saponified  with 
soda ;  the  soap  is  decomposed  by  oleic  acid ;  the  mixture  of  erucic  and  oleic  acid  tlius 
produced  is  treated  with  oxide  of  lead  at  the  heat  of  the  water-bath ;  the  product  di- 
gested with  ether,  which  dissolves  the  oleate  of  lead ;  the  residue  treated  with  hydro- 
chloric add  and  alcohol ;  and  the  chloride  of  lead  separated  by  filtration  ;  the  liquid  is 
distilled  to  separate  the  alcohol ;  and  the  remaining  fatty  acid  is  boiled  with  water  to 
remove  hydrochloric  add,  then  crystallised  several*  times  from  alcohol,  till  it  exhibits  a 
constant  melting  point.    The  fixed  oil  of  black  mustard  likewise  contains  erucic  add. 

£mdc  add  crystallises  in  shining  needles,  which  melt  at  34^  C.  Its  sodium-salt 
is  soluble  in  alcohoL  The  barium-salty  C°H*'BaO',  is  predpitated  in  fiocks  on  mixing 
the  alcoholic  solutions  of  acetate  of  barium  and  erucate  of  sodium.  The  lead-salt^ 
C"H"PbO',  is  a  white  predpitate  obtained  in  like  manner.  The  silver-salt^  C"H**AgO*, 
is  a  curdy  predpitate,  which  becomes  coloured  on  exposure  to  light 

BBVCZW.  A  crystalline  substance,  said  to  exist  in  white  mustard  seed.  In- 
soluble in  water,  sparingly  soluble  in  alcohol,  easily  in  ether  and  in  oUs.  Does  not 
contain  sulphur.     (Simon,  Pogg.  Ann.  xliv.  693.) 

See  IiBNTiL. 


KTOXiVCZB*    Syn.  with  Ebtthboxammitb. 
.    Syn.  with  PicBOBBTTHBnr. 

ATtTttABIA.  AUiaria  Officinalis, — ^A  common  weed  of  the  em- 
dferous  order,  the  herb  of  which  contains  sulphocyanate  of  allyl  (Wertheim,  Ann. 
Ch.  Pharm.  liL  62).  From  the  seed  Pi  ess  (tWrf.  Ixviii.  76)  obtained  0*6  per  cent 
volatile  oil  containing  sulphocyanate  of  allyl,  sometimes  alone,  sometimes  mixed  with 
oxide  of  allyL 
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r.  C*H"K)'As'. — A  red  amorphous  aubstAnce  produced  ffom 
cacodjl  hy  combustion  witli  in^tiffident  acc«M  of  jlLt,  by  th©  action  of  hyditM^hlonc 
acid  and  metallic  tin,  or  of  phoaphoroiifl  add,  or  by  poigsiag^  the  cscodyl  through  vlightly 
hcatf'd  tube's.     It  ia  insoluble  itt  water  and  alcohoL     (9<-o  Cacodtl,  i.  404/) 

BKTTU&SZir.  A  red  imbstaQce,  probably  impure  ofrcciiif  produced  by  the  ae- 
tion  of  ammonia  and  air  on  erythric  acid.     (Heeren.) 

an V TJH JtlG^XC  A.CZ9-    Soe  the  next  article. 

a&YTaaSC  ACIXI,  or  mMTTMStm.  (Hoercn,  S<?hw.  J.  lix.  313.— Eanev 
Ann.  Ch.Pharm.  xxxijc, '25,  "Schunok,  f/^^.  Ixi.  69.  —  S  ten  house*  t^fc^.  Irviii.  72; 
further,  Proc.  Roy,  Soc,  xii.  26;i.— Heaso^  Ann.  Ch.  Pharm,  cxrii  304. — ^Gin.iii*38LJ 
—  An  acid  discovered  by  H^tTcn  in  /AxW/«  tinctaria  :  it  appeon  also  to  be  contAtnea 
in  mnst  of  the  lichrns  from  which  archil  ia  prepared,  ^V^en  eithw  of  those  lichens 
^  the  RocceUa  M<jntagnri,  for  example — is  exhausted  with  boiling  water,  the  erythric 
acid  ia  dejx>sited  fifl  a  crystalline  powder,  which  may  bo  purified  by  boiling  alcohol. 
(The  aqu*x>us  mother^liquur  retaina  picroer)  thrin  and  orcin.)  According  to  Stenbonaie, 
it  ia  better  to  exhaust  the  lichens  with  milk  of  lime ;  the  quantity  then  obtained 
amounts  t^o  VI  per  eent.  of  the  weight  of  the  lichen. 

Erythrie  ac*id  is  white,  cTystalline,  dentituta  of  taste  and  odoiur,  aparingly  soluble  in 
water  ( 1  pt>  of  the  acid  requiring  about  240  pis.  of  boiling  water  to  diaaolTe  it^ 
easily  soluble  in  alcohol,  ether,  and  alkalis. 

Erythric  acid  dried  at  \i\\P  C.  gives  by  analysis  numbers  agreeing  nearly  with  either 
of  the  formulai  C"H«0'«  (Steuhouse),  or  Cf»H»0"  (Hesse): 
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6«-04 
£-33 


6714 
663 


Schunck  found  6870  per  cent,  carbon  and  6-37  hydrogen,  wheuM  ho  deduced  the  far- 
inula  C^m'*0'\  or  C«*H"K}»*  (59-0  C»  6-6  H);  Gterhardt  pmpo«Ki  C'*H'*0»  (67*14  C, 
477  H). 

The  air-dried  anbatanee  was  found  by  Hesse  to  contain  617  per  cent,  carbon  and 
6-4  hydrogen,  agreeing  exactly  with  tbe  formula  C«K«*0*\  2ffO,  When  heated  to 
100^  C.  it  giTes  off  67  per  cent  water,  which  al^o  agrees  exactly  with  2  aq.  At 
137°  C.  it  melt«,  and  doe*  not  solidify  in  the  crystalline  form  on  cooling. 

Decompmitions* — L  Erythric  acid  mv^y  be  heated  lo  200°  C.  without  sensible  alters- 
tion  ;  but  at  a  higher  temperature  it  ia  decompoaed^  yielding  orcin  and  carbonic  anhy- 
dride. 

2.  By  boiling  for  some  time  with  water,  or  more  readily,  with  alkalis,  it  is  resolrcd  into 
picroerythrin  and  orsellinic  acid  (formerly  called  ery  throl ic  or  ery  throlesic acid): 

Erjthrk  Bcld,  Picroerythdn.        Or<eUlnic  aad^ 

or(PH«Oi*     +     H^O     -     C*»H"-0'     +    2C-H*0»; 
BrjtHric  acld^  Plcroerjthrln.      Oriellltile  add. 

and  the  orsellinic  acid  is  resolved  by  longer  boiling  into  orcin  (CA'C^)  and  carbonic 
anhydride  (CO'). 

3.  Boiled  for  some  time  with  alcohol^  it  yields  in  like  manner  picroeiythrin  and 
oraellinate  of  ethyl,  C'H'(C*H*)0*,  and  with  mrikylic  alcohol  orselHnate  of  methyl* 

4.  Strong  sidjihuric  add  dlasolrefl  erythric  acid  without  alteration  in  the  cold ;  but 
deeom{H>sea  it  when  heated.  Boiling  hifdrochloric  acid  likewise  dia^olyes  it.  ^itfic 
oind  disaolreH  it  in  the  cold  without  evolution  of  nitrous  acid,  forming  a  yellow  sub- 
fitance  soluble  in  alcohol  and  precipitated  by  water;  no  oxalic  acid  is  produced.  On 
heating  it  with  nitric  acid,  nitrous  acid  is  evolved. 

6,  Bromine  converts  erythric  acid  dissolved  in  water  into  ft  yellow  rnsin.  When 
the  acid  is  covered  with  ether  containing  water^  and  bromine  is  slowly  adddd,  tetra- 
brom erythric  acitl,  C*n"Br*0'*  (or  C^*H"Br*0'»X  is  formed,  in  white  crTstalline 
anlierulea,  nearly  insoluble  in  cold  water,  8f>lub?e  iu  ftlcohol,  slightly  in  cold  ether.  The 
alcoholic  solution  is  acid,  forms  a  white  precipitate  with  acptate  of  It'ad^  purple  with  a 
small  quantity  of  ferric  chloride,  browu-rcd  with  a  largfT  quantity ;  hypochlorite  of  so- 
dium imparts  to  it  a  transient  blood-red  colour.  W]ien  boiled  with  alcohol  it  is  resolved 
into  dibromorsellate  of  ethyl  and  bromopicroerythrin.  Bromerythrie  and 
cakes  together  a  little  above  100**  C,  raelL«*  to  a  colourii'sa  frothy  mass  at  139°.  and  at 
a  higher  temperature  give^  off  acid  vapours  and  burns  away.     (Hesse.) 

6.  Chiorins  decomposes  erythric  acid  suspended  in  water,  diaaolving  a  considerable 
portion,  and  forming  a  yellow  resinous  substance.     (Hesse.) 
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Erytkratea,  —  Eiythric  acid  is  a  rery  weak  and  unstable  acid.  It  fonna  with 
potash^  soda,  lime,  ajxd  magnetia,  solutions  which  have  an  alkaline  reaction,  and  from 
which,  when  recently  prepared,  carbonic  acid  throws  down  eiythric  acid ;  after  a  few 
days,  however,  no  precipitate  is  formed.  The  alkaline  solutions  undergo  decomposi- 
tion when  heated. 

An  alcoholic  solution  of  eiythric  acid  is  not  precipitated  ,by  nitrate  of  tilver,  but 
on  adding  ammonia  a  white  precipitate  is  formed,  which  soon  turns  black  and  pro- 
duces a  specular  deposit  of  silver.  Chloride  of  gold  is  not  altered  by  boiling  with  the 
alcoholic  solution  of  eiythric  acid.  Ses^uicUoride  of  iron  imparts  to  the  alcoholic 
solution  a  deep  purple  tint,  and  the  addition  of  ammonia  causes  it  to  pass  to  yellow,  but 
without  precipitation,  unless  the  liquid  is  boiled.  The  alcoholic  solution  of  the  acid  is 
not  precipitated  by  neutral  acetate  of  lead,  but  with  the  basic  acetate  it  yields  a 
copious  precipitate  containing  69*12  per  cent,  of  lead. 

The  compound  ether  obtained  by  boiling  erythric  acid  with  alcohol  was  originally  re- 
garded by  Stenhouse  as  erythrate  of  ethyC  C*H"(C«H»)0".  But  as  its  formation 
IS  accompanied  by  that  of  picroerythrin,  it  appears  to  be  orsellinate  of  ethyl  (p.  602). 
It  is  remarkable,  nowever,  that  when  boiled  with  alkalis,  it  yields  a  solution  containing 
both  orcin  and  erythromannite,  whereas  the  corresponding  methylic  ether  treated  in 
like  manner  yields  orcin,  but  no  eiythromannite.  The  same  difference  is  observed  in 
the  reactions  of  the  ethylic  and  methylic  ethers  obtained  from  all  the  varieties  of 
Boccella  tinctoria  (Stenhouse).    The  reaction  requires  further  investigation. 

Meroerjtluiii,  C"H'•0^  — ^Produced  by  the  action  of  boiling  water  on  erythric 
add.  The  add  boiled  for  some  time  with  water  dissolves  slowly,  and  the  liquid 
yields  by  evaporation  a  viscid  brown  mass,  which,  when  treated  with  cold  water,  leaves 
picroeiythrin  (Schunck).  Stenhouse  boils  erythric  acid,  after  saturation  with  lime  or 
baryta ;  saturates  the  liquid  with  hydrochloric  add  (to  precipitate  ery threlic  acid) ; 
filters,  and  leaves  the  solution  to  itself.  Picroerythrin  is  then  deposited  in  yellowish 
crystals,  which  may  be  purified  by  means  of  boiling  water  and  animal  charcoal. 

Picroerythrin  is  colourless,  crystallisable,  bitter,  sparingly  soluble  in  cold  water, 
very  soluble  in  boiling  water.  The  solution  reddens  litmus  slightly.  It  is  not  altered 
by  prolonged  boiling  with  water,  and  is  not  ethcrified  by  alcohoL  Heated  in  a  small 
tube,  it  yields  a  sublimate  of  ordn.  It  dissolves  in  alkalis  without  the  aid  of  heat ; 
the  ammoniacal  solution  quickly  reddens  in  contact  with  the  air.  Boiled  with  baryta 
it  yields  carbonate  of  barium,  and  a  solution  containing  ordn  and  eiythromannite  : 

C"H'K)'  +  H«0  «  C0»  +  C'H»0«  +  C<H»«0«. 
Picroerythrin.  Orcin.  Erythro- 

mannite. 

The  aqueous  solution  of  picroerythrin  is  not  precipitated  by  neutral  acetate  of  lead, 
but  abundantly  by  the  basic  acetate,  the  predpitate  contaimne  68*04  per  cent.  lead. 
The  aqueous  solution  acquires  a  fine  purple  tint  when  mixed  with  sesquichloride  of 
iron.  It  does  not  reduce  nitrate  of  silver  even  at  the  boiling  heat,  unless  ammonia  is 
added.    It  gradually  reduces  chloride  of  gold, 

Syn.  with  Cobalt-Blook  (i.  1057)* 

A  flesh-coloured  felspar,  containing  8  per  cent  magnesia,  found 

in  amygdaloid.     Specific  gravity  »  2*641.     (Thomson,  Phil.  Mag.  [3]  xxii.  188.) 

JUi  I  TUltOBBTZO  ACZ1>.  A  very  unstable  acid  obtained  from  red  beet  (Beta 
imlgaris).  It  is  crystalline,  easily  soluble  in  cold  water,  insoluble  in  alcohol  and 
ether ;  precipitated  from  its  aqueous  solution  by  nitrate  of  silver  and  neutral  acetate 
of  lead.     (Meier,  Pharm.  CentralbL  1847,  p.  436.) 

JUi I THAOB AOTM*  The  name  given  by  Knhlraann  (Ann.  Ch.  Phys.  [2] 
xxiv.  226)  to  a  red  crystalline  substance  obtained  from  madder,  probably  impure 
alizarin. 

JUfc  I  TUJtOOBMr.  A  substance  originally  colom-less,  but  reddened  by  adds,  sup- 
posed by  Hope  (J.  pr.  Chem.  x.  260)  to  be  contained  in  flowers.  Filhol  regards  it  as 
identical  with  cyanin  (p.  274). 

The  same  name  was  applied  by  Bizio  (Schw.  J.  xxxvii.  10)  to  a  crystalline  sub- 
stance which  he  obtained  from  the  bile  of  a  patient  who  died  of  jaundice,  and  which 
he  described  as  capable  of  abstracting  nitrogen  from  the  air,  from  nitric  acid,  and  from 
ammonia,  and  as  being  converted  thereby  into  blood-red. 

JUi  I  TJUMKUnrZC  A0XD«  An  oily  liquid  said  by  Bizio  fa  be  produced  on 
heating  the  substance  which  he  calls  erythrogen  in  oxygen  gas. 

XRTTBSOO&VCZ-SmLPBinUO  A.CZ]>.  Syn.  with  ERtTHROiCANNi-sui/* 
puvRic  AdD  (p.  506). 

a»TTBSOa&VOZar.    Syn.  with  ERTTHBOMAMimi. 
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SBTTHSO^SXC  ACra*  A  parple  se^miAuid  substance  said  to  exist  in  archil 
(Kftne,  Aim.  Ch.  I'liys.  iL  1,) 

fi&TTBRO^XSir  and  HMHTSMOJ^XTViZXl,  Red  substances  obtained  fhiTu 
litmua  (g.  r.) 

SSiTTaHOZiSSIO  iLCXO.     Sjn.  witb  Ebtthhslic  Acm. 

S&TTBROIiXC  A.G1II.  The  name  originallj  appliod  bj  Kane  to  a  suhtitJUKW 
which  h»^  supposed  to  exifit  both  in  arc^hil  and  in  litmus ;  eubsequentlj,  howev<>r,  he 
applied  the  name  er^throlein  tn  the  eubstanee  found  in  litmus,  and  er^throhic  acid  to 
the  one  contained  in  aj-chil,  because  it  contained  more  oxygen, 

SRTTSI&OBCiLirwXXB.  C^H'^*.  Erytkroffluctn.  Erygtucifk,  Eryikrite. 
Pkt/citK  Pseudorcin.  (S  ten  house,  PhiL  TranH.  1818,  76;  1849,  399.— St  reck  er,^ 
Ann.  Ch.  Phorm,  liTiii.  111.— Schunck,  PhU.  Mag.  ril,  33,  264.— Lam y,  Ann.  L  " 
PhjB.  [3]  xx3n%  138;  a  232.  —  Wagner,  J.  pr.  Cbem.  Ixi.  125.— Hesjje*  Ann.  C^l 
PhamL  cxrii.  327. — Gm.  xii.  385.)  Thin  anbetanc^  exists  ready  formed  in  ProiotoccttM 
vulffOris,  and  is  produced  by  boiling  erythric  acid  or  picroerytlirin,  or  the  cthylic  ethers 
obtained  from  aoy  of  the  Tarieties  of  Boccciia  iincioria  with  excess  of  baiytji  or  lime 
(p.  5U3),     The  substance  from  Protoctjccus  vulgaris  was  originallly  calleHi  pbycite. 

Ptfparation.  L  The  extract  of  Lcca^wra  Montag7u%  obtained  with  milk  of  lime,  ia 
boilwi  down  in  an  open  f«in  to  about  one-third  or  one-fourth ;  carbonic  add  paitsed 
into  the  cooled  liquid  as  long  aa  a  precipitate  continues  to  form ;  and  the  solution, 
after  filtration,  eraporat^  to  a  syrup  oTcr  the  water-bath.  This  syrop  consist*  chiefly 
of  orcin  and  eTythromAnnitc,  mixed  with  a  rather  large  quantity  of  rod  colouriog 
matter  and  a  reainous  aubst«nce.  The  ordn  and  the  preater  part  of  the  colouring 
matter  are  extract <h1  bj  cold  ether ;  or  the  syrup  is  mixed  wi^  throe  times  its  Tolume 
of  strong  alcohol,  ttom  which,  after  a  while,  trie  erythTDinaimite  aeparates  in  small 
crystals.  These  are  collected  on  a  cloth  filter,  pressed,  washe<l  with  cold  stroug 
alcohol,  which  difisolTea  the  orcin  and  the  ijjeatcr  part  of  the  colouring  matter,  and 
recryMtallised  two  or  three  timea  from  h-ot  alcohol.—  2.  Proiococcus  vulgarit  is  boiled 
for  some  hours  with  water,  and  the  filterod  and  decolorised  solution  is  evaporated  to  a 
syrup,  precipitated  with  alcohol  or  basic  acetate  of  load,  and  the  filtrate  left  to  crystal - 
list*.— Qr^  1  lb.  of  ProiococcttM  tutlffartM  is  digested  at  a  temperature  between  60*  and 
100°  C.  with  2  lbs.  of  alcohol  of  85*^ ;  the  liquid  decantod  ;  the  green  i^esidae  strongly 
pressed  out ;  the  liquid  then  filtered ;  and  the  alrobol  difltulBd  to  one-half.  The 
mother-liquor  of  th*  nhycic  acid  which  is  deposited  on  cooling,  separates,  when  thr 
liquid  is  again  heateo,  into  two  layers,  the  alcohol  at  the  same  time  efvaporating.  The 
upper  layer  is  strongly  coloured ;  the  lower,  which  is  less  coloured,  yields  by  evapora- 
tion a  crystalline  mass  saturated  with  a  black  sjrrupv  which  must  be  pressed  between 
fine  linflu,  washed  with  very  cold  water,  and  recrj-stalliscd  from  hot  water.     (La ray.) 

P/Vfprfira.— Large  colourless  traapparent  crystals,  having  an  adamantine  luMre,  and 

3P3 


belonging  to  the  dimetrie  system.     Obsenred  faces  P  ,  ooP» 


Inclination   of 


P:P  «  123^43';  P:  ocPoo  «  109<»  29 ;  3P3  :  ooPoo  -  138^  42'  (Miller). 
Specific  gravity  1-59  (La my).  Its  taste  is  very  sweet  and  cooling  (LamyV 
Index  of  refraction  —  1545  (Stenhouse).  Docs  not  exhibit  circular  polarisatioo 
{LamyV  Midts  at  112°  C.  without  giving  off  water,  and  volatilises  partly  unde- 
composed  (Lamy).  ITelte  at  120^  C.  (BeHso).  Docs  not  act  od  litmus.  Its  taste 
is  sweet,  but  less  so  than  that  of  orcin.  It  does  not  lose  water  at  100^  C 
(Stenhouse).  It  dissolves  very  readily  in  water ^  sparingly  in  cold  alcohol,  and  is 
in,«^oluble  in  ether;  the  aqueous  solution  yields  the  finest  ciystals. 
The  following  analyses  have  been  made  of  erytbromannite :  — 
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Stenhouse  origio^iHy  gave  to  eiylhtomannite  the  formula  C*/7"{?'* ;  Gerhnrdt  pw>- 
posed  QHP^O^\  or  C:'W*0\      According  to  the  formula  CiPKI^,  or  C*H"0\  whidi 
WBB  flret  given  by  Streckcr,  and  agrees  best  with  all  the  reactions  of  erythromansifa 
this  body  may  be  regarded  as  a  teti^tomic  alcohol,  ^    iri^"!*^*-      Berthelot 

it  OS  a  hexatomic  alcohol,  C^^*0"  =    ^*^[^'^  but  this  fcunnuU  is  improbftble, 
on  nccQunt  of  the  uneven  utimber  of  hy^gen-atoms. 
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DeeomposiHons, — 1.  EzytluomAnnite  subjected  to  dry  distillation  gives  off  an  odonr 
of  burnt  sugar,  and  yields  a  liquid  which  does  not  crystallise  on  cooling,  but  dissolyes 
in  water  and  in  alcohol  (Stenhouse).  It  begins  to  boil  at  160°  C.  without  per- 
ceptible decomposition,  giving  off  an  odour  of  burnt  flour ;  as  the  decomposition 
advances,  the  boiling  point  gradually  rises  to  about  200°,  but  the  mass  does  not  swell 
up :  the  residue  in  the  retort  consists  partly  of  unaltered  ery thromannite,  partly  of  a 
substance  analogous  to  glucose,  and  possessing  the  power  of  reducing  copper-salts,  a 
property  not  exhibited  by  erythromannite.    £ry thromannite  thrown  on  M-hot  coals 

S'ves  off  the  odour  of  burnt  sugar  (La my).  It  bums  on  platinum-foil  with  a 
ue  flame  and  an  odour  of  caramel  (Stenhouse). — 2.  It  is  not  altered  by  aqueous 
potash,  by  ammonia,  by  bromine,  or  by  chloride  of  lime. — 3.  Heated  to  220°  C.  with 
solid  hydrate  of  potassium,  ityields  acetate  of  potassium  and  hydroeen  gas,  C*H'*0*  + 
2EH0  -  2C«H*K0»  +  2H*0  +  H»  (Stenhouse,  Lamy).  — 4.  Fuming  nt/nc  acid 
converts  it  into  nitro-eiythromannite ;  on  heating  the  mixture,  oxaUc  acid  is  produced 
(Stenhouse).  —  6.  Erythromannite  dissolves  in  cold  stdjj^huric  acid,  and  when 
heated  therewith,  is  converted  into  an  erythromanni-sulphunc  acid  (Hesse). — 6.  It 
is  not  fermentable.  (Stenhouse,  Lam yjL  It  does  not  precipitate  neutral  or  basic 
acetate  of  lead,  copper-salts,  or  ammonio-nitrate  of  leaa  (Stenhouse).  —  7.  Ery* 
thromannite  heated  to  120°  C.  for  a  day  or  two,  with  an  equal  weight  of  tartaric  acid, 
yields  an  acid  having  the  composition  C**H**0**  (Berthelot,  Compt.  rend.  xlv. 
268.  See  Taataric  Acid). — 8.  Heated  with  hydriodie  acid  in  a  stream  of  carbonic 
anhydride,  it  yields  iodide  of  tetryl  (V.  de  Luynes,  Compt  rend.  Oct.  18,  1862) ; 

C«H"0«  +  7HI  -  C*H»I  +  4HH)  +  P. 


C^«(NOW  (Stenhouse,    Phil.    Trans.    1849, 

899). — Pulverised  erythromannite  adding  by  small  portions  to  fuming  nitric  acid, 
which  is  kept  cool,  dissolves  quickly  with  considerable  rise  of  temperature ;  and  if  the 
solution  be  mixed  with  a  quantity  of  sulphuric  acid,  equal  in  weignt  to  the  nitric  acid, 
or  rather  more,  the  whole  forms  m  half  an  hour  a  crystalline  magma,  which  is  collected 
on  a  funnel  plugeed  with  asbestos,  washed  with  cold  water,  pressed  between  paper, 
and  recrystallised  from  hot  alcohol.  The  compound  is  not  obtained  by  dissolving 
erythromannite  in  a  mixture  of  nitric  and  sulphuric  acids,  and  adding  water. 

It  forms  large  shining  crystalline  laminse,  which  melt  at  61°  C,  and  solidify  in  the 
crystalline  form  at  a  temperature  a  few  degrees  lower.  It  gives  by  analysis,  16*89 — 16*03 
per  cent  carbon,  2*125 — 2*10  hydrogen,  and  18*59  nitrogen  (Stenhouse,  Epistolary 
commitnication),  the  above  formula  requiring  15*89  C,  1*99  H,  and  18*54  N. 

The  compound  takes  fire  when  strongly  heated,  and  bums  with  a  bright  flame. 
The  crystals,  when  thoroughly  dried  ana  mixed  with  sand,  detonate  under  the 
hammer. 


SO  WFWMRMm  Erythroglucides,  Erythrides.  (Ber- 
thelot, Ckimie  oraaniaue  fondU  sur  la  Synthise,  ii.  222. — Hesse,  loc.  cit) — Ery- 
thromannite heated  witn  acids  to  200° — 260°  0.  forms  acid  and  neutral  compound 
ethers,  analogous  to  those  derived  from  mannite  and  glycerin.  These  compounds  are 
decomposed  by  alkalis,  erythromannite  being  separated,  and  the  acid  sometimes  unit* 
ing  with  the  alkali,  sometimes  suffering  further  decomposition. 

The  acetateia  a  neutral  liquid,  easily  soluble  in  alcohol  and  ether. 

Benzoaies.— The  dibenzoaU,  C^H^O^*  (Berthelot),  more  probably  C^ffH)*  - 

rC'HK)^  H*v^^*  ^  resinous  when  recently  prepared,  but  gradually  becomes  ciystal- 
line.    Insoluble  in  water,  easily  soluble  in  absolute  alcohol  and  ether. 
The  hexbenzoaU,  C»«H»0»*  (Berthelot);  more  probably 

is  obtained  by  heating  the  preceding  compound  with  ten  or  fifteen  times  its  weight  of 
benzoic  acid  to  about  200°  C.    It  is  neutral,  insoluble  in  water,  soluble  in  ether. 
Orsellates, — Berthelot  regards  eiythrin  as  diacid  orsellate  of  erythromannite 

[C»H«0»  =  (c«H^o*)*  H»l^*l'  *^^  picrocrythrin  as  the  mono^sellaU  [C»«H'«0'  - 
(^H'0«'H"l^*  The  formula  actually  given  by  Berthelot,  vit  for  ery  thrin  0*B»0^*^ 
C»«ifir*6"+2C»«J5P0«-650,  and  for  picrocrythrin  O^EP'O^*  -  C*^»0'»+  O'lPC^-- 
iHO,  are  very  improbable. 

atearate,  C^ff'O'*  (Berthelot);  more  probably  C^-H'-O*  -  (C»»H«CM«.H«|^*- 
Solid,  waxy,  neutral  body,  rosembling  stearates  in  general ;  insoluble  in  water,  solnble 
in  ether. 
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Sulphntet  l^ythromannUuIphnrie  or  Erytkroglucisulphuric  Acid,  C*H"SH)"  m 
(CrH'«)'^"|Q,  _  2C'H«0*  +  3H'S0*  -  6H'0.— Produced  by  diMolvingl  pt  eiythn 

mamiite  iu  20  or  30  pts,  of  etrong  milphurie  acid^  and  heating  the  solation  to  60^  <v1 
70°  C»     It  hits  not  been  prepared  in  the  fire©  state  ;  but  the  barium  or  Icad-Siilt  maf  f 
be  obtained  bj  diluting  with  water,  Batnmting  with  carbonate  of  bariom  or  lead,  anil 
eraporatin^  the  ^Itmto,   first  at  a  K<»ntle  beat,  then   in  vacuo.    The  barium^aalit' 
C*H*'Ba'S'0'*  +  3H'0,  forms  a  hard  brittle  mass,  easily  soluble  in  water,  insoluble  in 
alcohol     The  cal^ium'Salt,  C*H"Ctt'S»0^^  +  3H'0,  dnes  up  over  oil  of  ritriol  to  i 
brittle  deli<3ue8c<>nt  masa,  iparinglj  soluble  in   akohol,  decomposing  at  105°  C.     The 
Irad-aalt,  C'H^Pb'SK)'*  +  6H'0,  fomiH  needle-shaped  crystals,  Boluhle  in  water  and 
in  alcohoL     (H^^sse.) 

Tartrate,  ErythromannitarUirie  ^nJ.^ Obtained  by  heating  erythromannite  ^th 
tarf^iric  acid  to  W^C.     According  to  Borthelot,  it  consists  of  C*^H«0*«  =  C'J5r*0'*  + 
4C^H*0^^    ^    ^HO,    and     is    sexbosic,    ita  cdciura-salt    having    the    compositioa . 
C**H*Cfl*0**.     Hesse  sujipesta  thftt  it  may  bfi  formed  from  3  at.  erfthromannitei  f 
perbfii^i  3C*H^*0»  ^  8C^H*0'  -  8H-0  =  C^^H'^O". 

ESTTKSOimriC.     The  name  applied  by  Del  Rio  Xa  a  metal,  which  he 

mudHl  as  new,  contjuned  in  a  peculiar  b^Ml-ore  from  Zimapan  in  Mexico.     After  thai 
diflooTeny  of  raoadium  by  Sefiitrom,  Wohler  showed  that  tlua  mineial  was  vanadate  r 
lead.     {KoppU  Gtschichtt  der  Chemit^  it.  80.) 

XUTTWatO^MTtAt  The  red  colotiring  matt*»r  of  Iwives  in  autumn.  It 
soluble  in  water  and  alcohol,  and  disaolvea  with  brown  colour  in  alkalis.  With  lead- 1 
■altB  it  formi  a  pjpecipitate  of  a  fine  green  colour  (Gorh,  IVaiti,  iv.  627)*  According  I 
to  Morren  (Diuertalion  swr  Ir^  /miiles  vertfs  et  cohrets,  envisatfk*  »phyiahmen%\ 
an  p&int  de  vm  deM  rapports  de  la  chlorophylh  et  de  riri/thropKjfUf^  G-and,  1858  ;  alra  ] 
N.  Arch.  ph.  nat.  T.  B4),  the  red  and  blue  colouring  matters  of  plants  are  not  formed! 
from  chlorophyll  The  blae  colouring  matter,  anthoe^n.^  is  probably,  like  litmaa^  th#j 
alkali'Sidt  of  an  aci*!,  which  in  the  free  state  conatitutea  eiythrc^hylL 

BRTVHSOPHOXXSS.  A  red  extractive  matter  obtained  by  Mulder  from  I 
albumin  and  allied  eubHtauces,     (See  Albumin,) 

SBTTBB'OltETm'*    A  resinoUB  constituent  of  rhnharVroot,  solnble  with  purple 
Wkd  colour  in  alkulis.     (See  Khubarb.) 

EKTTa&OSlL  The  name  given  by  Garot  (J,  Pharm.  [3]  rvii.  6)  to  the  yellow  | 
or  orange -poloiin^d  substance  obtained  by  treating  rhubarb  with  nitric  acid,  which  I 
however  he  allows  to  be  a  mixture.  It  dissolves  in  alkalis,  forming  red  aolationa  (salci  I 
of  trythrosic  add),  which  produce  very  deep  stains*    (See  Rhtbjjib.) 

aRTTBKasZSr.  Studeler's  name  for  a  red  substance  produced  Vy  the  action  J 
of  nitric  acid  on  tyrosine.     (Ann.  Ch.  Fliarm.  civi.  87.) 

BBTTSmO^TXiXira*  A  crystalline  substance  reiemhling  theine,  obt^iined  iw] 
small  quantity  fmm  the  leaves  of  Eri/thriuri/iori  coca.  (Gaedeke,  Arch.  Pharm.  [2]  J 
bcxxii,  141  :  Jalm-rtber,  d.  Chem,  1855,  p,  724,) 

Il&TTBRamT340V  COCA*     See  CuCA  (i.  1059). 

SSTTSBOZTMlSi     An  azotised  substance  which  exists  in  madder  Toot^  andJ 

gives  rise  to  a  ppi^nliiir  transformation  of  rubian.  It  is  extracted  by  iiiaoerating[J 
msidder  in  water  ut  38^  C.  and  precipitating  the  aqueoni  extract  with  aloohoL  (Set! 
Madder  and  Rubian.) 

EVVTHltT^rN^.     Impure  erythric  acid.     (Kane,  Ann.  Ch.  Fharm.  xxxix.  31.) 

EBCH^SXTS.  A  variety  of  epidote  from  the  St.  Gothard  (probably  from  \Jtut  ■ 
ISIftgi^na  Valley  in  Ticini),  where  it  occurs  in  tnit-like  masaee  on  falapathic  it)eka,  a 
ciatcd  with  prebnite,  rock-crystal  and  adularia.  Specific  gravity «  3*384.  Givee  b/l 
analysis.  37-70  t43  37-62  per  Wnt  silica,  27*49  to  2 7  22  alumina,  9*12  to  8-67  fcrrifll 
oxide,  23*87  to  23*94  lime,  ami  233  water.  (Stockar-Escher,  Pogg.  Ann.  xcv.  50U) 

BSCBKOXtT£Xii  CA^n'OSinCA.  This  papareraceons  plant  contains,  ae*  j 
eordinfr  to  Wak  (.lahrb,  pr.  Pharm.  viu  28 2 ;  viil  147.  209),  colouring  matters,  citric 
and  malic  acids,  a  pwuliur  uciiJ,  and  three  alkaloid?,  rif.  I.  An  alkaloid  forming  red  i 
aalts,  and  perhaps  identical  with  chelerythrine  (i.  847).— 2.  An  alkaloid  soluble  iaJ 
alcohol  and  *?ther,  and  forming  bitter  shurp- tasting  salts;  ita  properties  ore  esscntiaUjI 
tho.¥e  of  chelidonine  (i.  840).  Thcf^o  two  alkaloids  art?  extraoted  fipom  the  plant  bJJ 
aciduhitod  water,  and  precipitated  by  ara^monia. — 3.  An  alkaloid  precipitated  from  tlA  J 
mother-liquor  of  the  other  two  by  tannic  acid.     It  it  cryst^Lllijie,  baa  a  nauaeoiia  lastfv 
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dissolres  in  water,  alcohol,  and  ether ;  melts  at  a  gentle  heat,  and  fonna  salts,  which, 
eren  in  dilute  solution,  assome  a  splendid  yiolet  colour  on  addition  of  sulphuric  add. 
All  these  bodies  require  further  investigation. 

flBCBWVOITa.    A  mineral  examined  b^  Dobereiner  (Glceker^s  Synopsis, 
pu  86),  and  said  to  contain  ferrous  oxide  and  sihca. 
See  ^souLnr. 

LZWB.  An  alkaloid  obtained  from  the  bark  of  Esenheckia  fdmfuga, 
Kart.  Evodia  ftbrifuga,  Aug.  Saint  Hilaire.  (Buchner,  Bepert  Pharm.  zxxi  481 ; 
xxxriL  1.) 

BBBCAJULZTB.    A  variety  of  hydrous  dichroite  from  Brevig  in  Finland.    The 
term  is  also  used  as  a  synonyme  of  datholite,  and  appears  also  to  hare  been  applied  to 
an  altered  form  of  scapolite.     (Dana,  ii.  205.) 
See  Hbdysabuu. 

A  narcotic  substance  resembling  tobacco,  extracted  from  the  leaves  o/ 
Atropa  MaTidragora,    (L  a n  d  e  r  e  r,  Buchn.  Bepert.  Ixxxi  290. ) 
■SSBMTCBB.    A  term  sometimes  applied  to  volatile  oils. 
■880WZTB.    A  variety  of  lime-garnet. 

BBTSR.  L.  GmeUn's  name  for  compound  ethers  derived  from  oxygen  acids,  e,g, 
acetate  of  ethyl  »  Essigsaure-vinester;  sulphate  of  methyl  ^  Schwe/elsaures  For' 
fncster, 

Syn.  with  Cbttlic  Alcohol  (l  841). 
LCZ1>.    Syn.  with  Palmitic  Acid. 

The  name  applied  by  Berzelius  to  the  hydrocarbon  (cetene)  pro- 
duced by  the  action  of  phosphoric  anhydride  on  cetylic  alcohoL 

BTKA&Onra  or  Cetylone,    Syn.  with  Palmitokb. 

Syn.  with  Cbttl. 

I,  BTSAHCZVa,  BTBAMKXmL    Syn.  with  Ethtlaionb. 

BTBABKZVS-BVl^BinUC  ACXB.     Syn.  with  Sulphbthamic  acid. 

Syn.  with  Kthtlekb. 

B8.    Laurent's  name  for  Primary  Nuclei.     (See  Nuclbvs.) 

See  Ethtl,  oxidb  of  ;  also  Ethers. 

Syn.  with  Ethtlbxb. 

The  conversion  of  alcohols  into  ethers.    (See  AlcohoL| 
i.  76 ;  Alcohols,  i.  99  ;  Chxmical  Affdott,  L  867  ;  Ethebs,  ii.  608.) 


.  pr.  Uhen 

Ann.  Ch.  Phys.  [2]  xxxix.  152  ;  Pogg.  Ann.  xiv.  20.— Liebig,  Handw.  d.  Chem.  V 
Aufl.  i  121.)  When  heavy  oil  of  wine,  the  oily  body  which  sometimes  occurs  among 
the  residues  of  the  preparation  of  ether,  is  warmed  with  water,  a  light  oily  liquid 
rises  to  the  surface,  which  is  a  mixture' of  two  substances,  both  polymeric  with  ethylene, 
viz.  e  t  h  e  r  i  n  and  etheroL  On  decanting  this  liquid  and  leavmg  it  at  rest,  the  etherin 
crvstallises  out,  while  the  etherol  remains  liquid.  The  etherin  ma^  be  freed  from 
etherol  by  filtration  and  pressure  between  paper,  and  then  reciystallised  from  alcohol 
or  ether. 

Etherin  forms  transparent,  colourless,  shining  prisms,  moderately  hard,  very  friable 
and  grating  betw^n  the  teeth ;  it  has  no  taste,  but  when  heated  smells  like  etheroL 
Melts  at  110®  C.  Boils  at  260^  without  alteration.  Insoluble  in  water,  but  soluble 
in  alcohol,  and  still  more  so  in  ether. 

Etherol  is  a  yellowish,  viscid  liquid  of  specific  ^vity  0*921  (Serullas),  boiling  at 
280^  C.  By  exposure  to  cold,  it  becomes  more  viscid,  but  does  not  solidify  even  at 
—  36®  C.  ft  has  a  peculiar  aromatic  odour,  is  insoluble  in  water,  but  dissolves  easily 
in  ether,  less  easily  in  alcohoL  Potassium  immersed  in  it  retains  its  lustre  undi- 
minished. 

Heavy  oil  of  wine,  which  passes  over  in  the  preparation  of  ether  towards  the  end  of 
the  distillation,  when  sulphurous  anhydride  and  olefiant  ^aa  are  ^ven  off,  is,  according 
to  Liebig,  an  ethylsulphate  of  etherol.  On  treating  it  with  water,  the  etherol 
(holding  the  isomeric  body  etherin  in  solution)  separates  out,  and  ethylsulphuric  acid 
remains  in  solution.  An  oil  of  similar  character  and  composition  is  obtained  hv  the 
distillation  of  perfectly  dry  ethylsulphates,  the  best  process,  according  to  liebig,  being 
to  distil  the  d^  potassium-salt  with  an  equal  weight  of  freshly  burned  lime.    Har- 
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^lasd  TocommendB  the  distillation  of  dry  ethjrlfiulphate  of  lead.  The  crude  |rat>daet  it 
freed  from  atoohol,  ether,  and  wilpharoas  aad^  bj  agitatioo  witli  ool4  water,  and 
drjing  in  vacuo  over  oil  of  vitrioL  , 

Ught  oil  of  mn€,  which  is  also  obtain  pd  in  the  prepuration  of  ether  on  the  l«ig« 
flc&le  ujpeara  to  h&  irapure  ptberoL     When  the  crude  ether  in  rectified  with  mHk  of  i 
Hme,  tou  mbstaoce  remainfl  after  the  ether  has  parsed  orer,  floating  on  the  waterr 
midne,  in  the  form  of  a  thick  yellow  oil,  which  ia  blackened  by  strong  snlphuric  acid, 
but  separates  a«  a  colourless  oil  oa  addition  of  water. 

STUSSXirAlltOMS.     Sjn.  with  Ethtlamohl 

BTSS&ZPXkA,TIWIO  ^cm.     Sjn.  with  ETHTLKqi''CHi^Bn>H  of  pukTisnTM. 
ioXh    See  Ethers. 

ra.  A  Tcry  volatile  liquid,  boiling  at  about  30**  C,  which  pasws  over  with 
the  heavy  oil  of  wine  produced  by  the  diBtill:ition  of  the  ethyl-sulphates  (Marchand 
J.  pr.  Chem.  xv.  1).     It  appears  to  be  identical  with  mnylene. 

BXaSRS*  The  terra  etk^,  origin ttUy  appHed  to  oxide  of  ethyl,  therolAtile  liquid 
produced  by  the  action  of  sulphnric  acid  upon  common  alcohol,  is  now  extended  to  a  large 
class  of  compounds,  formed  by  the  action  of  a<!ids  on  alcohols;  and  includes  all  aalta 
of  aleohol-radieleSi  that  is  to  say,  all  such  derivatives  of  tlie  alcohols  aa  are 
compamble  with  ordinary  metallic  sails,  in  the  aatne  sense  as  the  alcobob  themselvea 
are  comparable  with  metallic  hydrates. 

Some  of  these  bodies,  commonly  called  simple  ethers  (Gmelin's  AetAer\  are 
the  oxides  of  the  alcobol-radiclea,  and  may  be  regarded  as  the  anhydrides  of  the 
aloobola,  beingrelated  to  tbem  in  the  same  manner  aa  an  anhydrous  metAllie  oxide  to 
iti  hydrate  With  theae  may  also  be  claBBed  the  aulphides,  aelenides,  and  tellurides 
of  the  alcobol-radidee.  The  remaining  ethers,  called  compoaud  ethers,  which 
constitute  bv  far  the  most  numerous  class,  are  analogous  to  metAlhc  salts,  and  aro 
nsually  subdivided  into  two  groups,  the  one  comprising  the  oxygen-salts  of  the  alcohol- 
radicles  (Gmelin's  Esier,)^  the  other,  the  haloid  salts  of  thoee  radicles,  via.  the 
chlorides,  bromides,  iodides,  fluorides,  and  cyanides  (Graelin*s  dfir).  The  former 
may  be  derived  from  a  single  or  multiple  molecule  of  water,  in  which  part  of  the 
hjarogem  is  replaced  by  acid-radiclee,  and  Che  remainder  (not  necessarily  the  whole) 
bj  aleohol-Tadicles,  e.^. 


[0. 


>^i<- 


H' 


Acttate  or  eth jl. 
(SO'/' 

(por  ^ 

Moiietbylk  pbo^plia-lt. 


Mooetbjrlic  lulphite. 


'jo. 

pbo^plia. 


IHflthrllCiulphaUt 

^  (por  r 


(porj"^ 

Tddhjltc  plioftpba£«L 


The  haloid-compounds  of  the  alcohol-radicles  may  be  regarded  as  formed  on  the 
hydrogen-type  nHH,  the  hydrogen  being  partly  replaced  by  an  alcohol -radicle,  partly 
by  ehlorinet  bromine^  Ac,  e.ff*  chloride  of  ethyl,  C^I1*C1,  dihmtnide^  of  tih^fUme 
{C*K*)'Bi',trihromid€ofglyeffyJ\Cm*y^T*;  or  they  may  be  derived  from  water 
reearded  as  H.HO,  by  supposing  the  HO  replneed  by  an  equivalent  quantity  of 
eUorine,  &c.,  and  the  hydrogen  by  an  alcohol-radicle.  This  mode  of  deriv«tion  may 
also  evidently  be  extended  to  the  oxygen-salts  of  the  alcohoUradides.  the  HO  in  the 
type  being  supposed  to  be  replaced  by  the  peroxide  of  an  actd-radide ;  in  fact,  it  really 
amounts  to  regarding  all  the  so-called  comnound  ethers  as  formed  upon  the  hydrogen 
or  hydrochlonc  acid  type:  thus^  acetate  of  ctktfl^  CH\C'H'0*;  momthylic  sulphate^ 

*h1^*'  «^*'%'«^pA<«»P*«<<f^*^H*^*f^<^*i  ^^-  It  is  convenient  in  thia  respect  — 
that  it  reducea  all  these  componndH  to  the  same  tvpe,  which  likewue  indndee  a  nomber 
of  intermediate  compounds,  such  tyi  the  cMorhydnns,  chloracetina,  &c. 


^  |ho 


(HO 

H*iHO 

(ho 


CCHTJJi^ 

Ql^collc  Chlor. 
hydriii. 

(HO 
(CHT'iHO 

(oi 

ClklDrhjrdrtD. 


DlchlnrMe  of 
rtbjrLeii«» 


(HO 

(C'H*)']C1 

(Cl 

Dicblorhjdrln* 


(C»H*)'' 


Trkhlorbrdrin, 


£TH£RS. 
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The  eompound  ethers  contain  the  elements  of  an  acid  and  an  alcohol,  minus  a 
certain  number  of  molecules  of  water.  If  the  quantities  of  acid  and  alcohol  con- 
cerned in  the  reaction  are  of  equal  atomicity,  t.  e,  contain  the  same  number  of  atoms  of 
replaceable  hydrogen,  then  the  number  of  molecules  of  water  eliminated  in  the  form- 
ation of  the  ether  corresponds  for  the  most  part  to  that  number  of  hjdrogen- atoms ; 
but  if  the  atomicities  of  the  add  and  alcohol  are  unequal,  the  number  of  mdecules  of 
water  eliminated  corresponds  to  the  smaller  atomicity  of  the  two.  With  the  mon* 
atomic  alcohols,  this  nue  is  universally  true,  but  the  polyatomic  alcohols  present  an 
exception  to  it^  to  be  presently  noticed.  The  following  examples  will  suflSca  to  ilhuH 
trate  the  general  rule :  — 


Aoeacadd. 


Oxalle  add. 


1°- 


AkohoL 
AloohoU 


C*HH) 

Acetate  of 
ethyl. 

(CK)' 


!.» 


0» 


~     ■    acid. 


Oxalic  acid. 
Succinic  acid. 


jo. 


rio- 


PO" 

Photphbrlc 
acid. 

(Poy-jo. 

PhMpboric 
add. 

(poy 

Photphbrlc 
acid. 


nic 
'  'cohoU 


S  at.  Alcohol. 

Ethylenic 
alooboL 

0"H» 
H 

Alcohol 


9  at.  Alcohol. 


Monethjrllc 
oxalate. 

Dlethjrlic  oxalate. 


-  T^?>' 


(C«H»)« 

S  at.  Alcohol. 


Ha 


2Ha 


Acetic  add. 
8HC1 


!» 


Citric  add. 


(c?H;rjo. 

Glycerin. 
(CHTjo. 

Glycerin. 
Glycerin. 

Glycerin. 

Glycerin. 


Succinate  of 
ethylene. 

Monethylic 
phosphate. 

DiethyUc 
phosphate. 

TriethTlIc 
phosphate. 

(c«H»r)o« 

H»   ja      * 

Monochlor* 
hydrin. 

(c»H»r)  o 

H     JC1«        + 

Dichlorhydrin. 

(C»HT?0«  . 
C«H«0.HJC1  + 
Acetochlorhydrtau 

(c»H»r.a«       + 

Trichlorhydrin. 

(c«HK)*rr      * 

atrin. 


EH) 

H«0 

2HK) 
2H*0 

HH) 
2HH) 
8HH) 

HH) 

2HH) 
2H«0 
8HK) 
8HH> 


^  In  all  these  cases,  the  resulting  ether  is  of  the  same  degree  of  atomicity  as  t]i« 
higher  of  the  two  bodies  concerned  in  its  formation ;  but  the  polyatomic  alcoholB  are 
capable  of  forming  ethers,  with  elimination  of  a  number  of  molecules  of  water  greater 
than  that  indicated  by  the  preceding  rule,  thereby  yielding  compounds  of  a  lower 
type ;  thus :  — 

Glycerin.  Epichlorhydrin. 


H« 


jo. 


+  2Ha«  C^^.Cl*        +  3HH) 
Epidichlor. 
hydrin. 


See  also  the  Bbomhtdjuns  (i  668),  and  Gi.Tcn>B. 

When  the  process  of  etherification  is  so  conducted  that  the  conmonnd  ether  and  thb 
water  produced  remain  in  oontaet,  they  react  upon  each  other,  tending  to  reproduce  th« 
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origiotil  arid  and  alcohol  Unless,  therefore,  the  water  is  removed  u  fkat  as  it  ii 
formed,  the  quantity  of  the  compotmd  ethesr  produced  i»  alwaja  leae  than  that  which 
the  ^ven  quantities  of  acid  and  alcohol  iLr«  capable  of  jieMiiig.  The  nmnner  in  which 
the  qnaotity  of  other  ultimately  formed,  a-nd  the  rapidity  of  the  action,  are  aJfeoted  by 
the  DAtiire  of  the  acid  and  alcohol,  their  rcltitiTQ  qnuntitiefl,  the  te mperature,  and  othejr 
conditions  of  the  reaction,  has  been  examined  by  Berth olot  and  P^an  de  Saint* 
Gill©  8  (Compt.  rend.  liii.  474;  It.  39,  21U  and  324  ;  lUp.  Chim.  par©  1862,  pp.  1, 
825,  327,  369),  who  have  obtaintHl  the  following  results:  — 

1,  The  quantities  of  acid  and  alcohol  which  uJtimutdi/  anter  into  corabiniition  tan 
independent  of  the  temperature  and  presuure  at  which  the  reaction  takes  place,  aiid 
tire  but  little  aSected  by  the  particular  nature  of  the  acid  and  alcohol  conopmed,  the 
rariations  obserred  appearing  to  depend  on  accidental  causes. 

2.  The  rapidiff/  of  eombination,  or,  in  other  words^  the  quantity  of  the  compound 
ether  formed  in  a  given  time,  Taries  with  the  miture  of  the  acid  and  the  alcohol,  and 
with  the  proportions  in  which  they  are  mixed.. 

a.  The  rapidity  of  combination  of  an  ucid  of  the  series  C"IP"0'  with  an  alcohol,  ia 
less  in  proportion  as  the  atomic  weight  of  the  acid  is  greater,  and  its  boiling  point  higher. 

The  same  kw  applies  to  monobasic  acids  of  different  series ;  thus,  acetic  add  etheii- 
fies  alcohol  more  quickly  thao  bensoic  acid. 

Polybaaic  acids  ethenfy  alcohols  more  quickly  than  monobasic  acids. 

ft.  Alcohols  of  th«  same  aeries,  C'H^^^^O,  for  exam|jle^  are  etherifted  by  any  given 
acid  with  nearly  equal  rapidity,  how  much  »oeTcr  their  molecular  weights  may  differ. 
This  is  not  true,  howcTCr,  with  regard  t-o  alcohols  of  different  series ;  thus,  glycerin  unites 
with  ncetic  acid  at  common  temperatures  much  more  readily  than  common  alcohoL 

c.  With  a  given  quantity  of  acid,  the  qimutity  of  ether  ultimately  produce*!  iucrejises 
with  the  quantity  of  alcohol  present ;  but  the  rapidity  of  combination  is  diminished 
by  an  excess  of  alcohol  at  the  beginning  of  the  actioB,  and  incroaaed  thereby  as  it 
approaches  the  limit. 

d.  With  a  given  quimtity  of  alcohol,  the  quantity  of  ether  lalliiaately  formed  in- 
creases with  the  proportion  of  acid  present.  At  ordinary  temDcratures,  the  rapidity  of 
combination  is  for  the  most  part  diminished  by  excess  of  acitl  ut  first  and  acc«lerated 
afterwnrds.  With  5  at.  of  a  monobasic  acid  to  5  at,  of  a  monutomic  alcohol,  the  rat>e 
of  combination  is  accelerated,  even  from  tlie  beginning.  At  100^  C.  the  accelerating 
inBuence  of  an  excess  of  acid  is  still  more  marked. 

3.  The  ethers  of  monobasic  acids  resist  the  action  of  water  longer  than  those  of 
polyhasic  acids.  The  amount  of  reaistance  which  a  compound  ether  offers  to  the  de- 
composing action  of  water  is  determined  by  the  nature  of  the  acid,  not  of  tlie  alcohol^ 
concerned  in  its  formation.  In  general,  the  ethers  corresponding  to  acids  which  are 
most  difficult  to  etherify,  are  likewise  thone  which  offe^r  the  greatest  resistance  to  the 
action  of  water ;  thus  butyrate  of  ethyl  is  less  easily  decomposed  than  the  acetate,  and 
this  less  easily  than  the  formate. 

The  quantity  of  un  ether  decomposed  by  water  increases  with  the  quantity  of  water 
present;  but  ethers  are  never  completely  decomposed,  even  by  a  very  great  excess 
of  water;  neither  can  sncli  an  excess  completely  prerent  the  combination  of  an  alcohol 
and  an  acid»  though  it  diminishes  the  total  quiintity  of  ether  produced. 

4,  Pressure  appears  to  influence  the  phenomena  of  etherification,  as  weU  as  of  other 
kinds  of  chemical  action,  not  directly,  but  only  so  far  as  it  affects  the  proximity 
of  the  molecules  of  the  acting  substajicea.  Hence  when  both  bodies  are  in  the  liquid 
state,  which  admits  of  but  little  variation  in  the  Molecular  intervals,  the  result  is  but 
slightly  affected  even  by  great  variations  of  pressure;  but  when  the  acting  bodiea 
arc  wholly  or  partly  in  the  gaseous  state,  as  when  acetic  acid  and  alcohol  are  heated 
together  in  closed  vessels  to  200^  C,  the  action  is  retarded  by  diminution  of  pressiire. 
On  the  other  hand,  the  authors*  experiments  have  brought  out  the  somewhat  unex- 
pected remilt  that  the  limit  of  the  quantity  of  ether  producible  from  a  gireu  quantity 
of  an  acid  and  alcohol,  becomes  greater  as  the  tntermolecular  distance  Is  iucreafled. 

We  proceed  to  enumerate  some  of  the  principal  ethers,  and  give  a  general  Tiew  of 
their  formation  and  reactions. 


Sliiera  oontaliilEiB'  nConKtoialo  Aleoliol-radlGles. 

1.   Ojridt3, 


Methylic  oxide 
Methyl-ethjlic  oxide 


i:!o 


CH' 
CH' 


Ethylic  oxide 
Ethyl-tetrylic  oxido 
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Tetzylie  oadde 
Methjl-amjlie  oxide 
Etb  jl-amylic  oxide . 
Amjlic  oxide  . 
Hethyl-octylic  oxide 
Ekhjl-octylio  oxide 
Amjl-octylic  oxide 


C»H' 

CW)q 


['!< 


CH" 


Octylic  oxide 
Etbjl-cetylic  oxide 
Cetjlic  oxide        • 
Alljlie  oxide 
Etbjl-alljlie  oxide  • 
Phenjlic  oxide     • 
Benzylic  oxide      • 


C«H' 
C»H» 

C«H» 
CB7 


1° 


The  oompoimdB  obtained  by  the  action  of  potassium  or  sodium  on  the  alcohols,  such 
as  ethylosodic  oxide,  etkylate  of  sodium,  or  sodium-alcohol,  C'H\Na.O,  are  bodies  of 
analogous  constitution ;  but  as  the  metal  is  easily  replaceable  by  an  alcohol-radicle, 
they  are  perhaps  more  like  alcohols  than  ethers.  The  oxides  of  some  of  the  organo- 
metallic  bodies,  such  as  oxide  of  cacodyl  (C'H'As)*0,  are  also  analogous  in  composi- 
tion to  those  in  the  preceding  lists,  but  they  are  not  usually  classed  as  ethers. 

The  simple  ethers  are  produced :  1.  By  the  action  of  the  iodides,  bromides,  or  chlo- 
rides of  the  alcohol-radicles  on  the  potassium-  or  sodium-alcohols,  e.g. : 


C»H».Na.O 

BttayUteof 

•odium. 

+ 

C«H»I 
Iodide  of 
ethyl 

CH«NaO 
Metbrlateof 
■odium. 

+ 

Iodide  of 
etbyL 

Nal 


«       Nal 


(C«H»)«0 

Bthyltc 
ether. 

CH«.C^».0 

Methyl-ethylic 

ether. 


2.  By  distilling  an  alcohol  or  a  mixture  of  two  alcohols  with  sulphuric  acid  (i  76,  78). 

Oxide  of  methyl  is  gaseous ;  oxide  of  cetyl  and  ethyl-cetylic  oxide  are  solid  and 
a7stalline ;  all  the  other  etheis  in  the  preceding  list  are  liquids,  more  or  less  mobile, 
and  capi^e  of  volatilising  without  decomposition.  They  are  all  neutral  to  yegetable 
coLours.  With  acids  they  behare,  for  the  most  part»  like  the  alcohols ;  thus  oxide  of 
ethyl  treated  with  sulphuric  add,  yields  acid  sulphate  of  ethyl,  and  with  hydrochloric 
acid,  chloride  of  ethyL  Perstdphide  of  phosphorus  transforms  them  into  sulphides. 
Altogether,  however,  they  are  less  energetic  in  their  chemical  relations  than  the  alcohols, 
just  as  anhydrous  metallic  oxides  act,  for  the  most  part,  less  energetically  than  the 
eorrespondiug  hydrates. 

The  simple  ethers,  treated  with  chlorine,  yield  chlorinated  ethers,  such  as  (CH*G1)K), 
(C*HKn*)*0,  &c  By  treating  dichlorethylic  ether  (C"H*C1)K)  with  zinc-ethyl,  an 
atom  of  chlorine  is  removed,  and  its  place  supplied  by  ethyL  forming  the  compound 

C*H^Cl{  [  ^ '  '^^  ^^  product  again  treated  with  zinc-ethyl,  yields  the  eomponnd 


C»H*(C*H*))rt 


(Lieben  and  Bauer,  Ann.  Ch.  Pharm.  cxxiii.  130.) 


2.  Sulphides,  Selenides,  and  Tellurides  of  Mojiatomic  Alcohol-radicles. 

The  protosulphides  of   the  monatomic  alcohol-radicles,   called  sulphydrie 
ethers,  are  exactly  analogous  in  composition  to  the  oxides,  e.Q.  sulphide  of  ethyl  i- 

QSQs  >  S.    They  are  produced  by  the  action  of  the  chlorides,  iodides,  or  sulphates  of 

the  corresponding  alcohol-radicles  on  the  protosulphides  of  the  alkali-metals,  e,  g, : 

2C«H»a  +  K«S  «  2Ka  +  (C«H»)«S. 

Also  by  the  action  of  pentasulphide  of  phosphorus  on  the  corresponding  oxygen- 
ethers: 

6(C«H»)«0  +  P«9»  -  PK)*  +  5(C«H»)«S. 

By  these  means,  the  sulphides  of  methyl,  ethyl,  amyl,  octvl,  cetyl,  and  aUyl  have  been 
obtained ;  the  last-mentioned  sulphide  is  also  the  essential  constituent  of  volatile  oil 
of  garlic  (L  143). 
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TheBe  eomponads,  which  are  the  (vthera  of  the  sulphydric  altxihots,  or  mercaptaan,  cm 
ffetid  oils  or  crvsUlline  kcIiiIk,  itisoluble  iu  water.  Treated  with  nitric  acid^  they  ^aeld 
moDobask  aclotf  contAmin^  Bulphur  and  oxygen  :  sulphide  of  ethjl«  for  ex&mple,  yields 


ethyl~8u!phiirouB   acid, 


C'HMU 

(sort 


0'.     With  cMorinc,  thoy  yield  siibititutioii-producti. 


Sulphides  coiitcUning  two  olmkol-radicUs^  analogoua  to  mcthyl-ethylic  oxide*  &£, 
av«  obtained  by  heating  is  a  sealed  tiil>o  ii  mbcture  of  an  alcohol  with  the  duralpho- 
pboipbat^  of  auother  alcohoi-radick,  ihvm  : 


bUulphophofto 
phate  of  ethjl. 


CIPf 


Methyllc 
alcohol 


0       - 


Mctbfl'etlijlle 
tulphlde. 

obt^iincdl   in   a 


(PS)" 
(C»H")»H 


0». 


Dtethtl-tulpliio- 
'     ^pho  *        • ' 


ph{»pborSc  iftcld, 

si  mi  I  or  manner.      Thwe 
in  tlieir 


Ethyl-am^tk  sulphide,  C'H\C»H*^.S,   ia 
compounds   aro  Tolatilo  liquids,   resembling  the  simple  aleoholic  sulphides 
physical  and  chemical  properties.     (Car;ua,  Ann.  Ch,  Phann.  exlx.  313.) 

The  mercttptans  treated  with  metals  or  metallic  oxides,  3deld  aulphidea  containing 
A  metal  and  uti  alcohol- radicle ;  tbiia  ethylic  mereaptan  treated  with  aodium  yieida 
ethyl^sodic  sulfhide^  C*H'.Na.S*  Sucbi  compoundi  treated  with  the  iodide  of  another 
aleohoLradide,  appear  to  yield  mixed  alcoholic  eulphides,  like  those  aboTe  men  tinned. 
See  Ann.  Ch.  PhamL  cxx.  62. 

Pors  nip  hides  of  aloohol-radidet,  such  aa  CH'.S,  CH'.S,  analogous  to  peroiide 
of  hydrogenj  aiw  ubtiiined  by  the  action  of  the  chlorides  or  acid  stuphat^a  of  those 
radicles  on  the  persulphidea  of  the  alkali -metab.  They  are  relat^^d  to  the  proto* 
Bulphides  above  mentioned  in  the  same  manner  aa  peroxide  of  hydrogen  to  water. 
They  are  fetid  liquids^  he^yier  than  water»  and  Tolatilo  without  deeompojiitioo*  With 
nitric  acid,  they  yield  the  same  producta  aa  the  protosnlphidea.  Their  alcoholic  solu- 
tions yield  white  precipitates  with  ooetAte  of  lead  and  mercuric  chloride. 

The  aeleuidfsB  and  telluridea  of  the  alcohol-nidi cles,  t.q.  (C*H*)"Se  and 
(C'H')^o,  are  obtained  like  the  corresponding  aulphidea,  Ti».  by  aistilling  a  metallic 
aelenide  or  teOiiride  with  an  ethyl-aulphate,  or  homolngooB  salt,  €,g.i 

2(C'H^K.S0*)  +   K'Se  =   2K*S0*   +   (C«H*)»Se. 

Elh3i-si9l(ibat«  SeliioHleor 

or))Obaiium«  etbjrU 

The  mtthyU,  fi\v^',  and  awy/'compounda  of  sdtninm  and  tdlnrium  HftTe  been  ob- 
tained. They  are  extremely  fetid  oily  liquids,  heavier  than  water.  'By  exposure  to 
the  air*  they  are  converted  into  ba«ic  oxides,  t.g.  (C*H*)'Se.O,  capable  of  forming  salts 
with  acids.  They  are  likewise  oxidised  by  nitric  acid  and  converted  into  nitnites. 
This  baaic  property  of  the  alcoholic  selenides  and  tellarideSt  which  is  possessed  in  a 
slight  de^p^e  only  by  the  corresponding  sulphides^  approximAtes  them  to  the  organo- 
metallic  bodies,  the  araenethybj  stannethyl^  &c 


3,  Oxtfge n^§alt9  of  Mon atorme  Alcokot-radicka. 
a.  Containing  Monatomic  Acid'rttdideMt 
These  ethers  may  be  derived  from  monobasic  acids  by  the  substittition  of  an  flJcobe1« 
radicle  for  the  basic  hydrogen*  They  ore  very  numerous ;  in  fact»  every  monobasic 
acid  appears  to  be  capable  of  forming  such  compounds,  at  least  with  the  alcohol-radicles 
containing  hut  a  small  number  of  carbon-atoms,  such  as  methyl  and  ethyL  They  are 
prwlticed : 

I.  By  the  action  of  a  ailver-salt  on  the  iodide^  bromide,  or  chloride  of  an  alcohol- 
radicle  : 

(7H>O.Ag.O  +  C»H*J  =  G^»O.C?mO  +  Agl. 

Acrtate  of  Iodide  fif 

•ilr«T.  etbrl. 


AcetAle  of  etbjL 


2.  By  the  reaction  of  an  acid  with  an  alcohol,  especially  with  aid  of  heat : 

C'H*O.H.O  +  C»H».H,0  «  C*H"O.C^H«.0  +  H»0. 
AccdcicJd.  Ethvlic  Acetate  of  ethjl. 

ftlcohoL 

3.  By  distilling  a  mctalUc  salt  with  sulphuric  add  and  an  alcohol,  or  by  passing  hy- 
drochloric acid  gas  into  an  alcoholic  solution  of  an  udd. — 4.  By  the  dry  distiUstioii  of  a 
metallic  salt  of  an  acid  ether  {e.g.  ethyl-sidphate  of  potaasjum)  with  tbeaalt  of  another 
add: 

eH'CKO  +  SO^C=H».E.O'  -  C»H*0,C*H*.0  +  SO«.K*,Ol 
AcHttUoi  £tb)rl  4utfib«l«  4>f        Acetate  of  9tlirL        Nvutral  »u)- 

.  IHJUJiluai*  pbiau<i  or  po- 

te»litiJii» 
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6.  Bj  the  solution  of  an  acid  anhydride  in  an  alcohol : 

((rH*0)«0  +  C«H».H.O  =  C'H*O.C«H».0  +  C»H»O.H.O. 

Bensoie  Alcohol.  Benzo«te  of  ethyl.        Bensolc  «cid. 

anhydride. 

6.  By  the  action  of  an  add  chloride  on  an  alcohol : 

C'H»0.C1  +  C«H».H.O  »  C'H»0.C2H».0  +  HCL 

Chloride  of  Alcohol.  BentoUe  of  ethyl, 

bentoyl. 

The  stronger  mineral  adds,  such  as  sulphuric  and  nitric  add,  etherify  the  alcohols 
directly;  oxalic  add  etherifies  ethylic  alcohol  when  the  latter  is  added  drop  by  drop  to  the 
add  at  a  high  temperature.  Sometimes  the  etherification  takes  place  gradually  wnen  the 
add  and  the  alcohol  are  mixed  together,  and  exposed  for  some  days  to  a  gentle  heat ; 
such,  according  to  Liebig,  is  the  case  with  oxalic  acid.  Generally  speaking,  however, 
organic  acids  etherify  the  alcohols  onl^  when  assisted  by  sulphuric  or  hydrochloric 
acid,  or  when  heated  for  a  long  time  with  the  alcohol  in  seal^  tubes.  The  mineral 
add  probably  acts  b^  abstracting  the  water  set  free  in  the  etherification ;  or  its 
influence  may  be  similar  to  that  which,  according  to  Berthelot  and  P^an  de  Saint- 
Gilles  (p.  510),  is  produced  by  an  excess  of  the  etheriiying  acid.  The  alcohols  are 
etherified  by  anhy<&ides  much  more  quickly  than  by  acids,  and  still  more  easily  by 
the  chlorides  of  the  add  radicles.  Some  organic  adds  (benzoic,  butyric,  palmitic) 
produce  compound  ethers  when  heated  with  the  simple  ethers  (oxides)  to  360^  or 
400^  C.  in  a  sealed  tube.     (Berthelot.) 

The  monatomic  o  xygen-ethers  are  liquid  or  solid  bodies  rolatile  without  decom- 
position.  The  boiling  point  of  a  monatomic  methyl-ether  is  about  63^  C.  below  that  of 
the  corresponding  add,  that  of  an  ethyl-ether  about  44°  C.  below  that  of  the  acid.  They 
are  imwluble  or  sparingly  soluble  in  water,  but  mix  in  all  proportions  with  common 
alcohol  and  ether.  They  do  not  immediately  exhibit  the  reactions  of  the  acids  from 
which  they  are  derived ;  but  by  prolonged  contact  with  water^  they  are  resolved  more 
or  less  quickly,  especially  at  the  boiling  heat,  into  acid  and  alcohol,  f.^. : 

C'H»O.C*H».0  +  H«0  =  C'H»O.H.O  +  C'H*.H.O. 

Benioate  of  ethyL  BeDzoic  acid.  Ethylic 

alcohol. 

This  transformation  is  more  quickly  effected  by  boiling  with  caustic  alkalis,  espe- 
dally  in  alcoholic  solution ;  it  is  likewise  produced  by  the  stronger  acids,  such  as 
sulphuric  or  hydrochloric  acid.  The  ethers  may  be  distinguished  one  from  the  other 
by  the  properties  of  the  acid  and  alcohol  thus  obtained  firom  them. 

The  monatomic  compound  ethers  are  conyerted  by  ammonia  into  an  alcohol  and  an 
amide,  e.g.i 

C«H»O.C?H».0  +  NH«  -  C«H».H.O  +  N.H'.CHH). 

Acetate  ofethvl.  Alcohol.  Acctamide. 

The  ethers  are  likewise  decomposed  hy  the  more  basic  anhydrous  oxides,  when 
heated  therewith  in  sealed  tubes,  the  action  being  similar  to  that  which  takes  place 
with  the  alkaline  hydrates,  excepting  that,  instead  of  an  alcohol,  a  metallic  alcoholate 
is  formcKd  in  the  first  instance,  and  this,  when  treated  with  water,  yields  the  alcohol 
and  a  metallic  hydrate.  The  following  equations  exhibit  the  reactions  with  a  hydrated 
and  an  anhydrous  oxide. 

CH'O)^     ,   Ba)n         C^"0>rt    ^   C«H' 


Jo  .  =^jo  =  ^^\o  .  T|o- 


Acetate  of  Hydrate  AceUte  of  Rthylic 

ethjl.  of  barium.  barium.  alcohol. 

C^H»  }"    +   Bai"    "      Ba    }"    +     Ba   ("' 

AceUte  of  Oxide  of  AceUte  of  Ethylate 

ethjl.  bar.um.  barium.  of  barium. 

(Berthelot  and  Fleurieu,  Compt  rend.  li.  1020). 

The  cyanatesof  the  alcohol-radicles  forma  group  of  monatomic  ethers,  which  are 
distinguished  by  particular  reactions,  inasmuch  as,  under  the  influence  of  water  and 
alkalis,  they  split  up  as  if  they  were  formed  on   the  ammonia-type  instead  of  the 

water-type ;   thus  cyanate  of  ethyl  may   be  represented  either  as      ^^  [  0  or  as 

K  ]  ((^X^     Accordingly,  when  treated  with  water,  they  yield  compound  ureas ;  also 

when  treated  with   ammonia,  ethylamine,   phenylamino.   and    other  organic  bases. 
When  distilled  with  caustic  alkalis,  they  yield  an  alkaline  carbonate  and  an  amine. 
(See  CJtanic  Ethers,  p.  195.) 
Another  class  of  monatomic  ethers  requiring  special  notice  are  the  a  methanes,  or 
Vol.  n.  L  L 
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ethers  of  amie  acids.    Thej  are  obtained  bj  the  BCtion  of  ammonia  on  tins  o^iitnl 
etfacra  of  the  dlbofio  acids,  from  whieh  the  amio  acids  are  derjTed  ;  thus 

CarlKinAtv 
of  ethyl 


0  + 


Cartk4inAt«  of 
etbrl. 


Alcohol. 


jgl^^qo.  ^  NH.   -""^^^O  .  CH.H.0 


OxAldte  or 
elhjrL 


Ox.juiiate  of 
eLhjrl. 


ALcolioL 


The  alcchdic  carbamcitts,  or  carhamethanesi,  or  urethdnr^,  may  also  be  obtained  by 
the  action  of  ammonia  on  the  chlorocarbonic  ethers  (i.  016)^^.  ^. : 


r 


i^r^o . 


NH' 


_   NH«(COrjQ 


+   HCl; 


or  by  the  action  of  cyanic  acid  vapour,  or  ga^eooa  chloride  of  cyanogen,  on  the 
aloohols: 


T|o 


+     CN.Cl  +   IPO 


> 


+  HCl 


The  oxamfltc^  nf  methyl,  ethyl,  and  amyl  have  been  obtained ;  also  the  carbamah 
of  the  aame  radicles,  tog<»ther  with  carbamate  of  tetiyL 

The  amethanes  art*  !^o!idt  crystalHsable  bodies,  which  are  oonrerted  by  ammonia  into 
an  alcohol  and  a  diauiide  : 


NH-CCO)" 


!° 


+  NH'  ^ 


C'H 
H 


> 


+  N* 


ucor 


They  are  decomposw^d  by  alkalis,  by  l«)iling  mineral  acids,  and  partially  hy  water,  thi 
carbamethtiiic4*yi<^ldin|ran  Hlcohol,  ammoaia,  and  car bunic  anhydride,  the  oiamethane" 
the  eame  products*,  with  addition  of  carbonic  oxide  : 


NH'fCOy 


O  +  HK>  = 


C7H*| 
H 

AtcohaL 


•i° 


+  Nil'  +  00*. 


The  adds  formed  feom  carhamic  acid  by  the  substitntioa  of  an  alcobol-radide  for 
portof  the  hydroReu  in  the  aciraoniiim-inolecule  may  also  be  mentiontHl  here:  f,g,  ethyl- 

A  few  monntomic  compound  etbera  are  known,  in  which  the  oxygen  is  wholly  or 
partly  replaced  by  sulphur,  viz.  ihiacctatc  of  fthyf,  rtttrirj !  S,  and  the    #WpAocytfw»e 

etkfTMt  such  as  sulphtyc^anatt  of  ethyl,    ^^     fS,  ami  sulphacj/anate  of  a%f,    ^      V  S^ 
which  ia  the  principal  constituent,  of  rolutlJe  oil  of  mustard. 


b .  Ctmtaining  Diatomic  Jeid-radicies* 

These  ethers  may  bo  derived  fmm  dibasic  acids  by  the  partial  or  total  replacement 
of  the  typic  hydrogen  by  a  monutomic  alcohol-rudicle.  The  ether  is  add  or  neutral, 
iicpordin^  as  Jtalf  or  the  whole  of  the  typic  hydrogen  im  thus  replwced. 

The  netitral  dtatomie  etliflr»  of  raonatomic  akohol-radich^  are  produced  by  th«  same 
reactions  as  the  monnt^nii<*  corajxnand-ethers  (p.  512).  When  the  corres|X>Qdiiig:  acid^ 
are  not  volatile  withotit  decomposition,  these  ethers  (thosw  of  malic  uDd  t^irtarie  acids, 
for  eJtiWDple)  are  decompCKHed  by  distillation,  and  citniiot  therefore  be  prepared  by  that 
process.  They  are  usually  obtained  by  passing  hydrochloric  ncid  gim  into  a  solution 
of  the  organic  ueid  in  the  alcohol,  neutralising  the  resulting  liquid  with  carbonate  of 
BQilixiin,  then  i^hjiking  it  up  with  common  ether,  which  dissolves  the  compound  ether 
produced,  and  evaporating  the  solvent. 

The  following  are  examples  of  these  ethers: 

Oxalate  of  AllyK         .,....,  (c'otJ^^ 

Succinate  of  Methyl (C^H'O*)")^* 
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Camphopate  of  Ethyl (Ci«E^O*rl^* 

Sulphate  of  Methyl (SO«r|^' 

There  are  also  diatomic  ethers  containing  two  different  alcohol-radicles :  they  are 
obtained  by  distilling  a  salt  of  an  acid  diatomic  ether  with  a  salt  of  ethyl-solphorio 
or  an  analogous  acid  (Chancel),  e.g, : 

(c*o«rj"  ^  (8o«r(       (so«)i        (c^oT  " 

Bthyl-oxalate       Methyl-sulphate  Neutral  Methyl-ethylic 

of  potaMium.  of  potatalun).  sulphate  of  oxalate. 

potaMlum. 

The  neutral  diatomic  ethers  ofmonatomic  alcohol-radiclea  are  resolved  by  the  action 
of  water,  or  more  quickly  by  that  of  a  caustic  alkali,  into  an  alcohol  and  a  salt  of  an 
acid  ether,  or  into  an  alcohol  and  a  salt  of  the  corresponding  add : 

\cK)^rr  ■*■  ^^^    (c*o«rr  "*■  h  r 

Oxalate  of  Eihyl-oxalate  Alcohol, 

ethyl.  of  potaitium. 

(C^^I'IO.    .2KH0  -  (e?.).J0.  .   2(<^-J0) 

Oxalate  of  Oxalate  of  Alcohol, 

ethyl.  potassium. 

Ammonia,  according  to  the  proportion  in  which  it  is  added,  converts  the  diatomic 
ethers  into  an  alcohol  and  an  ether  of  an  amic  acid  (an  amethane),  or  into  an  alcohol 
and  a  diamide : 

(c*oTr  +  ^^  ''     H  r    ■^NH«(c»oTr 

Oxalate  of  Alcohol  Oxamate  of 

ethyl.  ethyl. 

m-jO.  .2NH.  -    2(^H.K  )     ,  ^1^^.^^ 

Oxalate  of  AlcohoL  Oxamide. 

ethyl. 

The  diatomic  acid  ethers  of  montttonuc  alcohol-radicles  are  produced  by  heating  the 
alcohols  with  certain  dibasic  acids,  or  by  treating  a  neutral  diatomic  ether  (oxalate  of 
ethyl  for  example)  with  only  half  the  quantity  of  alkali  required  to  resolve  it  com- 
pletely into  acid  and  alcohol  (see  above). 

These  acid  ethers  in  the  firee  state  are  for  the  most  part  rather  unstable,  being 
easily  resolved  into  acid  and  alcohol  by  boiling  with  water  or  with  an  alkali.  Most 
of  them  are  decomposed  by  distillation.  They  are  monobasic  acids,  and  form  salts 
which  are  usually  more  stable  than  the  acids  tnemselves,  and  serve  for  the  preparation 
of  other  ethers  by  double  decomposition;  e,  g, : 

(so^)"  p  +     K   p"(soyj"  +  c«H»oi" 

Ethyl-sulphate         Acetate  of  Sulphate  of  Acetate  of 

of  potassium.  potassium.  potassium.  ethyl. 

Thesulphocarbonic  ethers  are  diatomic  ethers,  similar  in  constitution  to  those 
just  described,  but  having  the  oxygen  more  or  less  replaced  by  sulphur.  The  follow- 
ing are  examples  of  these  compoonds ; 

Ethyl-sulphocarbonic  acid C«H»  H  t  ^* 


Diethylic  sulphocarbonate f  C*H>^'  [  ^ 

Ethyl-disulphocarbonic,  or  Xanthie  acid      .        .        .        C'H^hI^' 

(CO)"  ) 
Diethylic  disulphocarbonate,  or  Xanthic  ether      .        .        (C»H*)*['^* 

Ethyl- trisulphocarbonic  add C«H*.HS^ 

Diethylic  trisolphocarbonate (C^H*)*!^' 


llS 
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The  diMlphocarbonat^s,  acid  and  neutml,  of  tfustkt^  and  amj/l^  on  known ;  t}m> 
c€itfldi$ulphocaHkQmc  add. 

These  ethers  may  al»o  be  regarded  afl  cctmpotitidB  of  carbonic  anhydride,  or  of  di- 
sulpbide  of  Ciirbon,  with  the  protoiided,  protostilphides,  hydrat-e«.  or  sulphydnil«s  of 
alcohol-nidideu;  e,g.  xanthic  acid  =  CS*.(C*HMI.O)  ;  janUitf  f/^  =  CS^.(C'H')H). 

There  arc  likewise  ethers  consiating  of  carbonic  iiEhydrido  or  disuJphide  of  carbon 
eombined  with  an  alcoholic  peraulphide ;  e.  g. 

Ethyl-sulphocarbooic  persulphide  or  Dicurbonate  of  etiiylic  porsulphide  CO'.C*H*S. 

Ethyl-tlijiulphocjirbonic  peraulpbide  or  Diojcy»ulphocarbonate  of  ethyl  Cq  >  C*H*S. 

The  rnethyl'  and  nm  v^disiilpho<!arbomc  persulphides  are  alao  known. 

For  the  formation  and  properties  of  all  these  compounda,  see  SirxJPHOcajtsojno 
Ethhks. 

The  chlorocarbonic  ethera  (i*  916),  deriyed  froin  the  carbonic  ethers  by  the 
Bnbstitnlion  of  an  atom  of  chlorine  for  a  molecule  of  the  peroxide  of  an  alcohol-radictei 
e.y.  carbonate  ofethgl  =  (CO)".C^H»O.C*H*0 ;  cMorocarbonaU  ofHht/l  =  (C0)",C«H>O.a» 
also  belong  to  thia  place. 

c.  Containing  TriatQime  Acid-radicles, 

These  ethers  are  derived  from  tribaaic  adds  by  the  partial  or  total  substitution 
of  an  alcohol -radicle  for  iht^  basic  hydrogen*  Every  tribasie  acid  is  capable  of  form- 
iDg  three  such  ethers,  which  are  dibtisic,  mooobasic^  or  neutral^  according  aa  I,  2,  or 
3  at.  hydrogen  are  thus  replaced.     Thua  from  citric  acid  are  formed 

Monometbylic  citrate  (dibasic)       .        »        ,        ,  CH*  [  0* 


Dimethyllc  citrate  (monobasic) 
Trimethylic  citrate  (nentral) 


CCH>)»|0* 


Ellicrs  of  aconitie,  anjcnic,  boric^  cheHdonic,  citric,  cyannnc,  meeonic»  phosphoron 
and  phosphoric  ncids  have  iikewiso  been  obtnimKL     The  mode  of  formation  and  the 
rtvactions  of  the^e  ethers  are,  for  the  most  part,  simihir  to  those  of  the  dt^tomic  ethers 
(p.  ^5151 

The  diethvlic  and  tricthylic  phosphates  are  produced  aimultaneonaly  by 
heating  alcohm  with  phoyphoric  anhydride  m  sealed  tubes  : 


<^T 


o) 


(PO)" 
(PO)" 


jo.. 


(C'HY.Hj^ 


(POr{n- 
(C«H*)*p 


2H»0; 


and  in  like  manner,  alcohol  heated  with  snlphophosphoric  anhydride  (pentsstilphide  of 
phosphonitt)  yields  diet  hylic  and  tricthylic  disulphopbosphates: 


KTI «) 


(PS)" 
(PS)" 


p  = 


(PS)'"  \0^ 

(c*B*)'nis 


(C»H*)'iS 


+  H*0  +  H"S. 


A  precisely  similar  reaction  is  obtained  with  ynethylic  akuhol  and  the  pentAsnlphide. 
With  amydc  alcohot,  however^  the  products  are  diamylic  disulphophosphatf, 
and  triamyiic  tstrasulphophosphate,  PS.(C*fl**)'S\  probably  thus: 


13 


L     H 


l°] 


HP'S' 


(PS)"-    I 
-    (C*H^')'! 


S»  + 


r   (PS)"    )o^^ 


+  3EK>  +  H'S. 


I 
I 


All  these  sulphophosphoric  ethers  are  oily,  disagreeable- smelling  liquids ;  the  neatml 
ethers  are  infiolublci  or  nearly  so,  in  water ;  the  acid  ethers  soluble  i  tht^y  are  all 
soluble  in  cozumon  alcohol  and  ether.  The  acid  ethera  form  crystalline  salts  with 
metals.     (Carius,  Ann.  Ch.  Pharm,  cxil  190;  KovaleTsky,  i6id,  odx.  503.) 

4.  Haloid  Salis  of  Monaiomk  Alcohol-radieies. 

The  chlorides,  bromides,  &c^  of  these  radicles  may  be  regarded  as  formed  from 
the  alcohohj  by  the  iubstitution  of  CI,  Br,  &c.,  for  HO;  e.g,  metbylic  alcohol 
CH'.HO  ;  chloride  of  methyl  CH".CL  They  are  produced  by  the  action  of  the 
chlorideu,  bromides,  and  iodides  of  hydrogen,  fho  metjiK  or  phosphorus  on  the 
alcohols.  They  are  moatty  liquid  at  ordinat7  temperatures;  chloride  of  methyl^ 
however,  is  gaseous.  The^  are  decomposed  by  putaah,  especiaUy  in  alcoholic  solutioa, 
und  by  moist  cucido  of  silverp  yielding  the  correspont^ng  alcoliols,  and  a  uietftUic 
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chloride^  bromide,  or  iodide.  They  combine  directly  with  ammonia  and  its  ba<dc  deri- 
Tatiyes,  forming  salts  of  amines. 

Of  the  fluorides  of  the  alcohol-radicles  very  little  is  known. 

The  alcoholic  cyanides,  or  cyanhydric  ethers,  belong  to  the  haloid  group, 
bat  differ  considerably  in  their  properties  and  in  their  modes  of  formation  firom  the 
chlorides,  bromides,  and  iodides. 

For  the  particular  properties  of  all  these  compounds  see  Bbomtdes  (i.  672), 
Cklobidbs  (i.  897),  Ctanidss  (ii  203j,  and  Iodidbs,  of  Alcohol-badicles. 

ChhrinaUd  Oxygen-aalts  of  Ahohol-radicUs — Chlorocor^ugated  Ethers.  —  When 
chlorine  is  passed  into  a  compound  ether  containing  an  alcohol-radicle  of  the  ethyl- 
series,  OH*'+l,  hydrochloric  add  is  evolved,  and  the  hydrogen  removed  is  replaced  by 
chlorine,  the  action  usually  beginniDg  with  the  substitution  of  2  atoms  of  chlorine  in 
this  manner,  so  that  the  compounds  formad  are  such  as 

Dichlorinated  Acetate  of  Methyl  .        .        C»H<C1«0«  «      ^^o  \  ^' 

Dichlorinated  Formate  of  Ethyl    .        .        .        C»H«a«0«  «   ^h'o^I^* 

These  dichlorinated  ethers,  when  treated  with  alkalis,  do  not  reproduce  the  alcohols, 
but  exchange  their  2  at.  chlorine  for  2  at  HO,  derived  from  the  alkaline  hydrate, 
producing  an  alkaline  chloride,  the  fatty  acid  corresponding  to  the  alcohol  from  which, 
the  ether  is  derived,  and  the  acid  whose  radicle  is  actually  contained  in  the  ether. 
Thus,  either  of  the  chlorinated  ethers  above  mentioned  yields  with  potash,  chloride  of 
potassium,  formic  acid,  and  acetic  acid : 

^^|0  +   2KH0  =  2KC1  +  CH«0«  +  Cm*0*. 

In  short,  either  of  these  bodies  acts  with  an  alkali  just  like  a  dichloride  of  formyl  and 

By  the  continued  action  of  chlorine,  especially  in  sunshine,  the  whole  of  the  hydrogen 

contained  in  the  ether  is  replaced  by  chlorine,  and  a  perchlorinatcd  ether  is  formed, 

C*C1*  ) 
such  as  perchlorinatcd  acetate  of  ethyl,  C*C1*0*  «  QjQpQ  1 0.     When  the  action    is 

somewhat  less  prolonged,  or  less  energetic,  intermediate  products  are  formed. 

The  perchlorinated  ethers,  when  decomposed  by  heat,  caustic  potash,  or  ammonia, 
split  up  into  groups  containing  separately,  the  carbon  belonging  to  the  acid  radicle,  and 
that  which  belongs  to  the  alcohol-radicle.   Perchlorinated  oxalate  of  ethyl^  for  example, 

fC*Cl*V[^'*  which  may  be  regarded  as  /c«rnsma[^^*»  "  resolved  by  heat  into  car- 
bonic oxide,  ojnrchloride  of  carbon  (phosgene),  and  chloride  of  trichloracetyl  (perchlo- 
rinated aldehyde) : 

CH}i'«o«  -  CO  +  cea«  +  2C»a«o. 

This  last  product  (C*C1*0)  is  always  obtained  by  the  action  of  heat  on  the  per- 

C*C1*  )  0*01*0 } 

chlorinated  ethyl-ethers.     Perchlorinated  acetate  of  ethyl^   qjqsq  [  0»  or  c«QitQ  [  ^*» 

splits  up  at  once  into  2  at  COl^O. 

The  same  perchlorinated  ethers,  when  decomposed  by  potash,  always  yield  trichlor- 
acetic acid ;  and  with  ammonia,  trichloracetamide,  e.  g, : 

C«a>0)Cl  ^    (KHO        ^j^rr.    .     o(^^^*^\  o^ 

CHn«olci  +  JKHO  "  2^^  +   ^v   H   J  ";• 

Perchlor-aceUte  Trichlor-acetic 

ofetbjrL  *cid. 

gg:gjg  +     2NH'  -  2Ha  +    2NJc^o. 

BUiers  eontaliiiiiff  Blatomio  Alootaol-«UIStiles  i  Oljrool-etli«n. 

1.  Oxides. 

The  three  following  have  been  obtained :  — 

Oxide  of  ethylene (Cm*yO 

Oxide  of  tritylene (C^^rO 

Oxide  of  mmylene (C»H»*rO 
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Tliese  compounds  are  i^omoric  with  the  aldehydes  of  the  fottj  acids,  t,  ^.  oxide  of 
ethylene  with  ucctic  aldpliyd©  (i.  lf>5).* 

Oxide  of  ethylene,  produced  by  the  action  of  potash  on  gly colic  chlorhydrin 
{C'H*)'\H0.C1,  IP  a  very  ToUtile  liquid,  poBse&aing  strong  basic  properties^  and  capable 
of  uniting  directly  with  a  considerable  number  of  bodies,  viz,  with  hydrogen,  oxygen, 
bromine^  water,  ammonia  (WurtB)»  and  sulphydric  acid  (Foster).  Its  Taponr-density 
shows  that  its  molecule  contains  the  same  qusntitj  of  etbjieno  as  the  molecule  of  the 
corrfi?ponding  alcohol  (C'H*)''.H'.0**  In  this  r«speot  it  differs  from  the  ethen  of  the 
inonutomic  aleoholfi,  whose  molecules  contain  twice  as  muchof  the  akohol-radide  as 
tliose  of  the  alcohols  themselyes,  t,g,  ethylic  alcohol  s  OH'iO,  ethyUe  ether  & 

The  oxides  of  trityleno  and  amylene  are  obtained  m  like  manner,  exhibit 
corresponding  relations,  and  their  molecule's  likewise  contain  the  same  quantity  of  the 
alcolif 4 -radicles  ae  the  alcohols  from  which  they  are  derived.  It  appears,  then,  that 
the  ethers  of  both  monatomic  and  diatomic  alcohols  are  related  to  those  tdcohols  in 
the  same  manner  as  the  anbydrideH  of  the  monobasic  and  dibasic  acids  are  idited 
to  those  acids,  thus  : 


Mon4tc>tiilc< 


Ethjrik  nlcohot 

H 

Acetic  acid. 

H     {^ 


AoetknnhTdrlde. 
C»H"0{  ■ 


EllijleTiic  4lcohDL 
S4.i^p1hurlc  acid. 


■jc 


Elhylenic  ether. 
CC«H^)"0. 

Sulpbaric  luihydfide. 
(S0«)"0. 


The  molecule  of  a  diatomic  aubydride  differs  from  that  of  the  corresponding  hvdrat^ 
by  1  at.  water;  thus:  C'H'O'-  H*0  -  CH*Oi  and  SH*0'  -  H'O  =  SO*.  In  the 
eoiTe«ponding  inonatomic  compounds,  this  relation  does  not  exist. 

A  body  having  the  percentage  composition  of  oxide  of  methylene,  CHK),  is  ob- 
tained by  the  action  of  iodide  of  methylene  on  oxide  or  oxalate  of  silver,  or  of  acetut^  of 
methylene  on  oxide  of  le^  (Buttlerow);  but  it  is  not  analogous  to  oxide  of  ethylene, 
for  its  vapour-do nsity  shows  that  its  molecule  contains  2  at.  of  metiiylene  (CH*)^)^ 
Moreover,  it  is  a  crystalline  solid,  nioch  less  volatile  than  oxide  of  ethylene,  and  appa- 
rently quit^  deatituto  of  basic  properties.  It  cannot^  therefore^  be  regarded  as  the 
firiit  term  of  the  series  of  diatomic  ethers  (C"H'^)''0. 

2.  0  xyg  en -salts  of  Diatotmc  Alcohol-radides. 

These  are  the  coropoimd  ethers  of  the  glycols  or  diatomic  alcohols,  and  may  be  de- 
rived fiwm  two  {or  2n)  molecules  of  watrr  by  the  subatitution  of  diatomic  aloohol- 
radiclea  for  one  portion  of  the  hydrogen,  and  of  acid  radicles  for  the  i-emainder  or  for 
a  portion  of  it     The  following  are  exj&inples  of  the  formnliB :  — 


I 


I 


Diacotate  of  methylene  (neutral) 
Monoacetate  of  ethylene  (basic)  * 
JDiaeetate  of  ethylene  (neutral)    , 

Aicoto*butyrate  of  ethylene  (neutral) 


(CH')'' 
(C^H"0)S 


0« 


"D  f0» 
Monoethylate  of  ethylene  (basic)         ....         cm* 

Bietbjkt«  of  ethylene  (ueiitral) SSn*!»C^' 

Oxalate  of  ethylene 


c«H"r 

(C*n*)»( ' 


(C0»)'^ 

The  following  have  likewise  been  obtained:— The  monoM^ratt,  monovaifniU^  dihut^f- 

•  Tn  th(>  JirticliM  ALCOBnUA  nnH  AuiiHYnpa  <|.  KQ,  UO),  l(  U  nUfrd  thflt  thr*  A^tclijdps  mreiffgnl/aU 
with  thp  etheft  of  the  diNtcimtc  atcoholn  :  unch  li>dMd  wat  th^  virw  rMirrlflincd  nt  ihr  ttmn  when  thou 
artitlei  were  written  |  but  lulMequtnt  riMcarctiei  huve  shown  iL^i  the  two  grottpi  o(cnmpou&6t  Aroootf 
(•omeric 
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TOU^  diwUeratet  aeeto-vdUrate,  dUtearate^  and  dibeneoate  of  ethylene;  and  tJie  manoaeeiates 
qf  tritylene,  tetrylene  and  amylene ;  also  several  poljetbylenic  acetates  of  the  general 

formula*  [c*h^?[^"***  SvX'phocyanaie  of  ethylene^  ^  J  |s»,  may  also  be  men- 
tioned as  analogous  in  constitution  to  the  neutral  ethers  in  the  preceding  table. 

The  compounds  ofbenzylene,  C'H*  (i.  577),  are  likewise  analogous  in  composition 
to  the  glycol-ethers ;  but  they  are  perhaps  not  strictly  comparable  Sierewith ;  for  they 
are  all  formed  by  double  decomposition  from  the  chloride  of  benzylene  (C'H*)"C1'', 
which  is  producea  by  the  action  of  pentachloride  of  phosphorus  on  hydride  of  benzoyl. 
Now  it  is  known  that  aldehyde  (hydride  of  acetyl),  treated  with  the  same  reagent, 
yields,  not  chloride  of  ethylene  (Dutch  liquid),  but  an  isomeric  body  called  chloride  of 
ethylidene  (i.  107).  Hence  it  is  probable  that  chloride  of  benzylene  (chlorobenzol),  and 
the  compounds  produced  from  it,  are  not  true  glycol-ethers.  Similar  observations 
apply  to  the  compounds  of  ally  1  en  e,  CH*  (i.  147). 

The  neutral  ethers  of  diatomic  alcohol-radicles  are  obtained  by  the  action  of  silver- 
salts  on  the  bromides  or  iodides  of  the  corresponding  alcohol-radicles,  e.y. : 

(C«H*)'^r*  +  2(C«H«O.Ag.O)  «  2AgBr  +  (C*H*)".(C«H»0)».0«. 

They  are  oily  liquids,  miscible  in  all  proportions  with  common  alcohol  and  ether ;  the 
acetates  of  methylene,  ethylene,  and  tritylene  are  soluble  in  water,  the  rest  are  nearly 
or  quite  insoluble.  They  are  easily  decomposed  by  alkalis  into  a  diatomic  alcohol  and 
a  metallic  salt  of  the  acid. 

3.  Haloid  Salts  of  Diatomic  Al^xhol-radicUe. 

The  chlorides,  bromides,  &c,  of  these  radicles  may  be  derived  from  the  diatomic 
alcohols  in  the  same  manner  as  the  monatomic  chlorides,  &;c.,  from  their  corresponding 
alcohols,  viz.  by  the  substitution  of  CI,  Br,  &c.,  for  an  equivalent  quantity  of  peroxide 
of  hydrogen,  lout  as  there  are  2  at  HO  to  be  thus  replaced,  the  substitution  may  be 
total  or  partial,  producing  in  the  one  case  a  neutral,  in  the  other  a  basic  chloride,  bro- 
mide, &C.,  e.  g. : 

Glycol (C«H*)".HO.HO 

Glycolic  Chlorhydrin (C«H*)".H0.C1 

Bichloride  of  Ethylene (C«H*)"CLCL 

In  the  basic  compounds,  the  remaining  atom  of  hydrogen  may  be  replaced  by  an  acid 
radicle  (or  the  remaining  HO  by  the  peroxide  of  an  acid  radicle),  e,  g. : 

Glycolic  lodacetin (C»H«)".C«H«0».I 

GlycoUc  Chlorobutyrin (C'H«)''.OH'0«.CL 

The  dichlorides,  &&,  of  the  diatomic  alcohol-radicles  are  produced  by  the  direct 
combination  of  these  radicles  with  chlorine,  bromine,  and  iodine,  or  by  the  action  oi 
perchloride  or  bromide  of  phosphorus  on  the  corresponding  diatomic  alcohols  or  their 
basic  halo'id  salts.  The  first  mentioned  reaction  is  characteristic  of  the  diatomic  alco- 
hol-radicles, and  serves  to  separate  those  which  are  gaseous  from  mixtures  of  gases 
and  vapours  in  which  they  occur.  Most  of  these  compounds  are  oily  liquids ;  but 
iodide  of  ethylene  and  its  higher  homolop^ues  are  solid  at  common  temperatures.  Al- 
coholic potash  converts  them  into  the  chlorides  of  monatomic  radicles. 

The  basic  haloid  compounds  of  ethylene  are  oily  liquids,  whose  reactions  are 
similar  to  those  of  the  monatomic  alcoholic  chlorides,  bromides,  &c. ;  but  when  treated 
with  alkalis,  tiiey  yield  the  corresponding  diatomic  oxides  (p.  617). 

BCheni  eontalnlnr  Trlatoanle  Aloobol-radleles. 

The  only  compounds  of  this  group  at  present  known  are  the  gly  cerides,  which  are 
derived  from  a  molecule  of  glycerin,  ^  -^^  \  0*,  by  the  substitution  of  add  radicles 
for  1,  2,  or  3  at,  hydrogen,  e.g. : 

MonotUtarin.  Dittearin.  Trittearin. 

b"H»0[0»  (C"H»0)«  jo-  (cV.H»H))»  \  ^" 

These  glycerides  are  produced  by  heating  glycerin  with  the  respective  acids  in 
sealed  tubes  in  the  required  proportions.  Most  of  those  which  have  hitherto  been 
formed  contain  only  monatomic  acid  radicles ;  many  of  those  in  which  3  at  bydxogen 
are  thus  replaced,  exist  as  natural  £itt& 
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A  few  glycerides  bnre  aUo  been  fonned  containing  diatomic  and  tnatoimc^  as  wotl 
I  monatotnic  acid  radides  (Vnn  Bemmplen,  J.  pr.  Chem.  bux.  84 )»  e.ff. : 


(CH*)*" 


BenxoiucclnlO' 


Cltiia. 


(cwr|o.         <c;^?7)o'         (^^K)V!°* 

All  these  gljrceridca  are  oilj  liquids  or  solid  fkta,  "wHch,  vhwi  boiled  witli  alkolii^ 
Arc  resolred  into  glycerin  und  an  olkAli-salt  of  the  acid  contained  in  them.  This  i» 
the  reaction  vhich  takes  place  in  the  ordlnaij  process  of  aoap-making  or  saponifica* 
tion. 

G1  jcendes  are  also  known  containing  monatomic  aloohol-mdides,  e,  g, : 


Ethyl-glycerin 
Biethyl-gjljomD 


11*    lO" 
H»    J 

H     J 


EthyUamyl-gljcerin 
Triethyl-glyocrin  , 


0« 


CTH* 
H 

For  the  preparation  and  properties  of  these  componnds,  aoe  OvttxuxomB. 

Berthelot  obtained  oxide  of  glyceryl,  or  glyceric  ether,  n'H* r[^*'  ^^  ^^ 
action  of  potash  npon  iodhydrin. 

The  triatomic  haloid-com pounds  of  the  alcohol-radides  rosemblu  the  conKwpon 
diatomic  compounds  (p.  blH)  in  their  constitution  and  many  of  their  properties; 

The  haloid-eomponnds  of  glycerin  are  obtained  by  heating  that  liquid  with  hj 
drochloric,  hydrobromic  acid,  &c.(  in  scaled  tubes.     They  ai«  derived   from  glj 
C*H\(HO)»,  by  tho  partial  or  total  replacement  of  the  HO  by  CI,  Br,  &d,.  e.g. : 
ChlortiTdrtD.  Dichlorliydirin.  Tdch1ortffdHn« 

(C*H*)^(HO)»Cl  {C»H^)"',H0.C1«  (CH'r.CI* 

By  heating  glycerin  witb  a  mixture  of  bydi'oebloric  aoid,  &e.,  and  an  oxygen-aeid, 
Bimilap  compounds  are  obtiiined,  in  which  the  HO  ii*  replaced  partly  by  CI,  &c.,  partly 
by  the  peroxide  of  an  acid  radicle,  c.  y. : 


Aceto-cWorhydrin  . 
Diacefco*chlorhydrin 
Aceto-dichlorhydrin 


{C*H*)"'.(C*H-0')»,a 
(C'H»)"'.C-H«0*.C1*. 


These  etbers  are  oily  liquids  which,  when  boiled  with  alkalis,  reprodnce  tbe  add  or 
acids  and  gljrerin. 

The  formntion  of  all  the  glycerides  aboTe  mentioned  is  attended  with  the  elimina- 
tion of  a  number  of  atoms  of  water  equal  to  the  number  of  atoms  of  a  monobasic  acid, 
or  doable  that  number  of  a  dibasic  acid,  or  three  times  that  number  of  a  tribasic  acid, 
which  enter  into  the  oombination,  thos : 

=r  eH«0»  ^  C"H"0«  -     HK> 

C*»H^«0*    «   (?H'0»  ^  2C"H«*0»  -  2H'0 

-  C*H»0«  +  3C»H**0«  -   3HK) 

=  C*H*0>   +  C^H'O*     --  2HK> 

*.  cmH}*  +  C^»0'     -  3HK> 

See  also  page  509.  There  arc,  howerer,  a  number  of  glycerides  whose  formation  is 
attended  with  the  «»limination  of  a  number  of  atoms  of  water  greater  or  lees  than  that 
indicated  by  the  preceding  rule^  e,y. : 


Monostearin 

.      C"H"0* 

Distearin     , 

.      C^-H^'O* 

Tristearin    . 

*    C*'H'*«0< 

Suceiuin 

.     cm^^o^ 

Citrin 

.       C»H^-0» 

Epichlorhydrin 
Epidi  cblorhy drin  , 

lodhydrin    «        , 


CHKDCl   «    CH'O*  4-    Ha       -  2H^  -    (C"H»)-|^ 
C'H*Cl'     -    C*H»0'   +  2HC1        -  3H=0 


,  CraiiO*!  ^  2Cm»0'  +    HI 


^3H*0.     (C^l^rjO* 


Olycero-tartaric  acid    .  C^'^O* 


(C*H*)*^  7 

C^H*0»  +     C*H«0<   -    H*0  :s(C*H*on->0< 

H»       ) 


ETHERS.  521 

(C«H")'" 


•1' 

H»      ) 

•  (C«HT   ) 

jcero-ditartanc  J  Qii^iQit  .    c«H«0«  +  2C«H«0«  -  8HK)  -(C«ri*0«)MO« 


Glycoro-ditartaric  acid .  C"H>«0"  «    C»HH)«  +  2C*H«0«  -  2^0  -(C*H*0«)»VO» 

H» 

Gljcero-tritartaric  add  e»H«0"  =    C«H»0«  +  8C^H«0«   -  2HH)  -r(C«d«0«)"fO» 


(C»fl»)«) 
Diglycerictriethylata  .  C»«H"H)»   -  2C«HK)«  +  SCHK)    -  4HK)  -     (C«H»)«[o» 

H     ' 

^f^te  .'^*^;|c»«H«0«a=.  2C»H»0«  +  2C«H«0)  -  4H«0  -     (C«H»)«)  ^ 

(C«fl»)». 
Triglyceric  tetrethylate   C»»HW)»  «  8C«H«0«  +  4C«H«0     -  6HK)  »     (C«H»Wo» 

H     i 

MUtmrm  coatalnlng  Tetrmtomto  Aleoliol-nUUoIes. 

The  only  known  ethen  of  this  dass  are  the  erythroinannitic  ethers  (p.  60S), 
deriyed  from  the  tetratomic  alcohol,  ^  ^/  [  0*,  e.  g,  the  dibenzoate,  /r;7n«0^^^s  I  ^* ' 
the  mono-orsellate  (picroeiythrin) — (4h w  H*  ( ^** 

auiers  epMf  tiling  Kesatomie  Al<Hilial«flrmdicleg« 

The  mannitanides  and  dulcitanides  belong  to  this  group,  being  derived  from 
mannitan  or  dulcitan,  C*H*K)*,  which  is  a  tetratomic  alcohol,  containing  the  hezatomic 
radideC^H',  thus: 

Mannitan C^»0»-      ^^h'^'^JO* 

(<>H")'« 
Diethylomannitan      .     C"H»0»  -  C^«K)»  +  2C»H«0    -  2H«0  -       ^^1      ■(>• 

H«     . 

Diacetomanniten        .    C'^ffW  -  C«H>K)»  +  2C«H*0«  -  2H«0  -     (C«H»0)nO» 

H»     ) 

Dibenromannitan       .    C'-H^O'  -  C^"0»  +  2C»H«0«  -  2H«0  -      (CTPO/f  0» 

H»      J 

(C«H»)'^> 
Dibntyromannitan      .    (?«H«0»  -  C^K)»  +  2C«H«0«  -  2H«0  =      (C*irO)«[o» 

Tetaibntyromannitan      0««H»H)»  -  C^«0»  +  4C^«0«  -  4H«0  -      (C^^vl^* 

Sucdnomannitan        .    C»«H»H)»  -  CW«0»  +    C*HK)«  -  2H«0  -     (C«H«Oy  [  ()• 

H"      ' 

Citromannitan  .        .    C»«H»«0»  -  C^»H)»  +    C^»0' -  3HK)  -     ((>HWr[0» 

H        ' 

Didtromannitan       .    CP»H»0»-  C^"0»  +  2CW0»  -  4H«0  -      (C^K)«)«  [^* 
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Chlophydro-roMinitan   C^H'^OHl'  -  C«H'»0«  +  2HC1       «  2H'0  -  ^^h*^"|^. 


Hfixb  (!n2omimnitan 


iftcid  .        .  t 


(8&')« 


0* 


acid  .        .    t 


1*0*)'  [ 


O"  I 


(C-H*)^} 
CtipigiQi*  «  crH»*0»  +  3H*S0*  -  2H?0  »    (Sb')"   |  *^ 

Mannitartaric  acid    .     C*H*«0**     ^  C>H?*0»  +  flC^HK)*  -  GWO  =  (C*H*< 

H- 

Tha  ddeitanides  hare  tlie  same  composition  as  the  majinitamdefl.     At  po^  349j 

they  ape  represented  fl»  dmved  from  a  tetratomic  alcohol,  dulcitan,  ^      wi      [  ^*'  ****" 

taiDing  an  oxygenated  radiel<>.  ThiJ  supposition  is  somewhat  inconsistent  with  the 
nature  of  alcohols  in  general  i  and  it  ia  better  to  djprire  these  compouad%  as  aliOTdV  from 
aa  aloohol  containing  the  hexatomic  radicle  C*H*,  In  &et«  WaDkljn  and  Erl(»n< 
meyor  bave  shown  (R4p,  Chim.  pure   1862,  p.  361 ;  Chem.  8oc.  J.  xv.  456)  that 

tnannito  and  dulcitis^  G*H^*0*,  are  hexatomic,  their  rational  £!>rmula  being  ^    |t«  ^    [  O* ; 

and  from  this  formnla  that  of  mannitan  (and  dnloitan)*  ^  Vr^  ^    \0\  in  derived  by 

Kimplo  fllimination  of  water.  As  this  formula  contains  i  at  roplaceabk  hydrogun,  the 
molecnle^  considered  as  an  alcohol,  is  stlU  tetiatomic 

FolT^tlirletilCf  PalTTlrceric  Stberst  A^ 

The  polyatomic  alcohols  differ  from  the  monotomic  alcohols  in  this  respect*  thatJ 
they  are  capable  of  undergoing  dehydration  in  variona  degreea.     Common  alcoho' 
which  is  monatomic,  can  form  only  one  anhydride^  xiz. : 

2C=H*0  -  HK)  =  C*fl»«0. 

Alcohol.  Elber. 

But  glycol,  which  is  diatomic,  ia  capable  of  forming  an  indefinite  number  of  anhy- 
drides, e.  a. : 

CH«0>  -    H'O  =  C^*0    Oxide  of  ethylene. 

2C'H«0«  -    H'O  =     (^^^'^'JO*  Bietbylenic  alcohol 
2Cm*0i  -  2H*0  =    (C'H*fl^'  Dioxcthyleno. 
3C*H«0«  -  2H*0  »     ^^''"|0*  Trieihykmc  alcohol 

4C'H*0»  -  aH'O  «     ^*^*^'?0«  Tctrethylenic  dcohoL 
Glycerinf  in  like  manneri  forms  polyglyceric  alcobolsi  thns  i 

2C»H*a»  ^    H'O  -    ^*^*^*[0'  Pyroglycerin, 
2C»H«0»  -  2H*0  =^    **^*^'{0*  Pyroglydde. 
20«H"O»  -  3H^O  -  ^c'h*)*-[^  Oxide  of  glyceryl 

All  these  componnds  may  be  regarded  as  ethers,  innsmncb  as,  like  common  etheT» 
they  are  formed  by  the  union  of  two  or  more  molflcules  of  an  alcoliol*  with  elimination 
of  watoTf  but  those  which  still  contain  replaoeable  hydrogen  are  usually  n^arded  a# 
alcohols. 
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When,  in  such  an  equation  as  the  above,  a  molecule  of  a  polyatomic  alcohol  is 
replaced  by  one  or  more  molecules  of  an  acid,  compound  ethers  result^  of  different 
atomicity  from  the  alcohol  from  which  they  are  derived :  «.  g 

.rl:|o.].2[0'H.Ojo]_      3HH)  =(c^g?oaO' 

Glycol.  Acetic  acfcl.  Diethylenic 

diaceUte^ 

Glycol.  AceUc  acid.  n-Ethylenic 

diaceute. 

^rljo'     -3[<^-|0]-      4H.0  -(gljIU 

Glycerin.  Alcohol.  JQ[       J 

Triethylmic 
diglycerate. 

A  single  molecule  of  a  di-  or  tri-atomic  alcohol  can  undergo  only  one  degree  of 
dehydration ;  viz.  by  the  abstraction  of  1  at.  water : 

(^^^lo*  -  H^O  -  (Cm«)\0 

Glycol.  Oxide  of 

ethylene. 

Glycerin.  Glycide. 

But  a  single  molecule  of  an  alcohol  of  higher  atomicity  may  undergo  several  degrees 
of  dehydration.    Thus,  from  mannite,        h«     [  ^*»  there  are  formed  by  successive 

abstraction  of  H'O,  the  compounds  manm^an,  ^    h<     (   ^*»  ^'^^^^f       H»     l^*» 
and  the  theoretically  possible  oxide  of  mannityl,  (C*H')»'.0'. 


AOBTZO.    These  and  the  ethers  of  other  oxygen-adds  are  described 

afl«r  the  several  acids. 


BROmmazo  or  BTSROBSOBIZO.  These  and  the  ethers  of 
other  halogen-acids  are  described  under  the  several  alcohol-radicles,  Allti^  Amtl, 
Ethyl,  &c 

BTBZBBy  BOSZO.     See  Ethtl,  Boridb  of  (p.  626). 

BTBZOVZO  AOZB.  C*H«S«0»=C«H*.2S0».H«0.  (Magnus,  Pogg.  Ann.  xxvii. 
378  ;  xlvii  614. — Marchand,  ibid,  xxrii.  466.) — Produced  by  the  action  of  water  on 
ethionic  anhydride ;  also  by  saturating  anhydrous  alcohol  or  ether  with  sulphuric  anhy- 
dride and  diluting  with  water.  Or  the  barium-salt  may  first  be  prepared  by  adding  abso- 
lute alcohol  to  ethionic  anhydride,  then  diluting  with  water  and  saturating  with  carbo- 
nate of  barium,  evaporating  the  filtrate  at  100°  C.  till  precipitation  commences,  and 
completing  it  by  addition  of  absolute  alcohol ;  and  from  the  barium-salt  the  acid  may  be 
obtained  by  precipitating  the  barium  with  dilute  sulphuric  acid.  The  aqueous  acid 
cannot  be  evaporated  without  decomposition,  even  in  vacuo,  as  it  splits  up  into 
sulphuric  and  isethionic  acids : 

C^«.2S0».H«0  +  H«0  -  H«SO«  +  0*H*SO*.H«0. 

At  the  boiling  heat  this  change  takes  place  rapidly. 

The  ethionates  appear  to  contain,  in  the  dj^  state,  CH^liPS^O^  the  add  being 
dibasic  The  ammonium-,  potassium-,  sodium-,  and  barium-salts  crystallise  readily. 
The  potassium-Balty  C*H*K^S*0'  +  iH*0,  does  not  give  off  any  water  in  vacuo,  or 
even  when  heated,  before  decomposition  takes  place.  At  a  high  temperature,  it  blackens 
and  yields  a  sublimate  of  sulphur.  Heated  with  hydrate  of  potassium,  it  yields  sul- 
phate and  sulphite  of  potassium.  The  bariumsaity  C'H*Ba*SH)*  +  H-0,  gives  off 
\  at.  water  in  vacuo,  and  decomposes  at  100°  C.  Heated  in  a  tube,  it  yields  a  subli- 
mate of  sulphur.    It  dissolves  in  about  10  pts.  of  water  at  20°  C. 

BTHZOVZO  AVSTBBZBB,  Sulphate  of  Carhyly  C<H«.2S0*  (Regnault, 
Ann.  Ch.  Phys.  Ixv.  98;  Magnus,  Pogg.  Ann.  xlviL  609),  is  obtained  by  bringing 
t>ogether  olefiant  gas  and  vapour  of  siuphuric  anhydride  in  a  tube ;  also  when  abso- 
lute alcohol  is  left  for  some  time  exposed  to  the  va{K>ur  of  sulphuric  anhydride.  It 
forms  crystals,  which  melt  at  80°  C,  and  deliquesce  in  the  air.    They  mix  with  wiUer 


ETHYL. 


and  alcohol,  prodttdog  rise  of  tempoTature,  and  yielding  a  solution  of  ethionic  add. 
Iff  howoTer,  the  heat  produced  by  the  reaction  ia  very  gr^at,  isethionic  add  ia  likewiw 
produced* 

Etbiomc  anhydride  and  ethionic  acid  may  be  represented  typically  afl  follows: 


H'O) 


Etb*mile 
Afiihvdrldp. 


H'O 


£thlnnlc 
Add,. 
H« 
(C^H*)' 

(80=)" 
(SO')" 


C'H*,  ofl^'n  di?noted  by  the  shorter  symbol,  E;  in  the  free  stat^^, 
C*H'*  =  E^  —  The  radicle  of  ordinary  alcohol  and  ether.  It  wm  first  obtained  in  the 
free  stat^  by  Frank  land  in  18-19  (Chem,  Scm^  QtL  J.  ii,  263).  It  is  produced  from 
iodide  of  ethyl  by  the  action  of  ztnc  at  high  temperatures  ;  also  hy  the  action  of  light, 

Pr<maraiiim.--\.  Pure  iodide  of  ethyl  is  heated  with  finely  divided  zinc  in  a  stmug 
sealed  glass  tube  immersed  in  an  oil-batb.  The  granulated  zinc  is  first  introduced 
into  t!ie  tube  ;  the  upper  extremity  of  the  tube  then  drawn  out  and  bent  twice  ot  right 
angles ;  the  iodide  ia  introduced  by  heating  and  aft4jrwardfl  cooling  the  tubet  while 
its  open  eattremity  dips  into  the  Liquid ;  the  air  is  then  exhausted  by  the  air-pnmp ; 
and  the  tube  is  sealed  and  immersed  in  an  oil-batlL  The  decomposition  of  the  iodide 
of  ethyl  begins  at  about  100*^  C. ;  white  crystals  arc  deposited  on  the  glass  (probably 
consisting  of  a  comjiound  of  iodide  of  zinc  and  zinc-ethyl),  together  with  a  colourless 
mobile  liquid,  eqnal  in  l>ulk  to  about  half  the  iodide  of  ethyl  used,  and  consisting  of 
condensed  ethyl  hydride  of  ethyl,  and  ethylene.  Theste  compounds  are  separated  by 
their  different  degrees  of  volatility.  The  tube  when  cold  is  immerHed  in  a  mixture  oif 
ice  and  salt,  and  the  narrow  end  is  broken  off  under  water. 

The  ethylene  and  hydride  of  ethyl  being  more  Tolalilc  than  the  ethyl  itself  escape 
in  greateet  abundance  when  the  tube  is  first  opened ;  and  hy  collecting  apart  the  gas 
which  comes  over  after  the  evolution  has  become  slow  and  regular^  a  gas  is  obtained, 
which,  when  freed  from  ethylene  and  un decomposed  iodide  of  ethyl  by  means  of 
sulphuric  anhydride,  and  from  eulphuroiia  acid  by  potash,  is  found  to  be  pure 
ethyl  C^H^". 

In  the  preceding  reaction  three  distinct  chemical  changes  occur,  vix. ! 

i.  The  decompoBition  of  iodide  of  ethyl  by  mae,  witli  formation  of  ethyl  and  iodide 
of  zinc : 


2C5H*I    ^    Zn*   - 


+    2ZuI. 


ii.  The  decomposition  of  iodide  of  ethyl  by  zinc,  with  formation  of  sijic^ethyl  md 
iodJde  of  zinc : 

2C'n^I    +    Zn*    =    c^HljZn*    +    SZal. 

iii  The  reaction  of  the  zinc- ethyl  thus  formed  on  the  nudecomposed  iodide  of  ethyl 
by  which  hydride  of  ethyl,  ethylene,  and  iodide  of  tine  are  fonnftd: 


2C?H»I    + 


Zii«   -    2 


,C-H 


S'l 


+  2Cm*  +  2ZnI. 


2.  A  few  drops  of  iodide  of  ethyl  are  introduced  into  an  inTcrted  glsfls  globe  filled 
with  mercury  and  exposed  to  sunshine ;  or,  better,  the  snu's  rayfs  are  conoentrnted  on 
the  iodide  of  ethyl  at  the  top  of  the  mercury  by  a  parabolic  mirror.  The  iodide  of  ethyl 
is  then  decomposed,  iodide  of  mercury  is  formed,  and  the  globe  becomes  filled  with 
gas,  which  is  a  mixture  of  ethyl  hydride  of  ethyl,  and  ethylene,  the  two  latter  being 
produced  by  the  decomposition  of  a  portioa  of  the  ethyl :  C'll^'  «  C^H"  +  C-E*.  In 
this  proc<K»,  however,  only  one-fifth  of  the  etliyl  is  thus  decomposed,  whereas  in  the 
dcCDmposition  by  zinc,  the  quiintity  thus  lost  is  about  one- third  of  the  whole*  The 
ethyl  w  freed  from  the  other  two  gases  as  in  the  preceding  process.  (Frankland, 
Ann,  Ch.  Pharm.  Ixxvii.  22  L) 

Ethyl  is  at  ordinary  temperatures  a  colourless  gas,  having  a  sHtrhlly  ethereal  odour 
(if  perfectly  pure,  it  would  probably  be  inodorous) ;  it  bums  with  a  white  and  very 
luminoufl  flame.  Its  specific  gravity  was  found  by  a  diffusion-experiment,  iiccordrng 
to  Graham's  Jaw  (see  Ga^BS,  VJTWVstov  of),  to  be  20,     This  shows  that  its  molecuJo 

in  the  gaseous  state  is  represented  by  the  formula  C*H";  for  ^'^    t^^^   *  0'0693  - 

2 
2'009  (see  ALcoiroL-IUmcLBS,  I  97).     It  does  not  condense  at  —    18*  0*  {(P  Fah,); 
but  in  an  Oerstedt  s  condensing  apparatus,  it  condenses  at  +  3°,  and  under  a  pn^Kwure 
of  2 J  atmospheres,  to  a  transparent,  colourless,  veiy  mobile  liquid:  hence  ite  boiling 
point  under  the  ordinary  pressure  ia  probably  about  ^  23^  C. 
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Ethyl  is  nearly  insolable  in  water,  bnt  soluble  in  absolute  alcohol.  1  yol.  absolute 
alcohol  at  14*2^  C.,  and  under  a  pressure  of  744*8  mm.  dissolves  18*13  toL  of  the  gas, 
but  gives  it  up  again  on  the  addition  of  a  small  quantity  of  water.  (See  Gasbs, 
ABsoBPnoir  of.) 

1  vol.  ethyl-gas  (containing  CH*)  requires  6  J  vol.  oxygen  to  bum  it  completely :  for 
6  at.  or  5  vol  H  require  2 J  vol  O,  and  2  at.  C  require  4  at.  (or  4  vol)  0.  The  products 
of  the  combustion  are  water  and  4  vol.  CO'.  Mixed  with  half  its  volume  of  oxygen, 
and  passed  over  spongy  platinum,  it  remains  unaltered  at  ordinary  temperatures ;  but 
on  the  application  of  a  gentle  heat^  the  platinum  becomes  red-hot>  a  small  quantity  of 
charcoal  is  deposited,  and  water,  together  probably  with  marsh-gas,  produced.  It  is 
not  acted  upon  by  nitric^  chromic^  or  fuming  sulphuric  acid.  Wiui  iodine  and  sulphur 
it  does  not  combine  even  when  moderately  heated ;  but  at  a  red  heat,  sulphuretted 
hydrogen  is  formed,  and  charcoal  separated.  Chlorine  does  not  act  upon  ethyl  in  the 
dark  ;  but  a  dry  mixture  of  the  two  gases  in  equal  volumes,  exposed  to  diffused  light, 
undergoes  a  change  of  volume  and  forms  a  colourless  liquid.  Bromine  acts  upon 
ethyl  when  the  two  are  gently  heated  together  in  the  direct  rays  of  the  sun,  but  the 
products  of  the  decomposition  have  not  yet  been  examined. 

Ethyl  enters  into  the  composition  of  a  large  number  of  compounds,  in  which  it  plays 
the  part  of  a  monatomic  basylous  radicle,  analogous  to  hydrogen  or  potassium,  so  that 
the  chloride,  bromide,  nitrate,  acetate,  &c.,  contain  1  at.  C^H* ;  the  oxide,  sulphide, 
neutral  sulphate,  and  other  neutral  ethvl-salts  of  dibasic  acids  contain  2  at.  C'H* ;  the 
neutral  salts  of  tribasic  acids,  such  as  the  phosphate  or  cyanurate,  3  at.  C*H*,  &c  &c. 
It  likewise  unites  with  other  alcohol-radicles,  viz.  tetryl  and  amyl,  producing  com- 
pound alcohol-radicles,  which,  in  their  constitution  and  mode  of  formation,  are  exactly 
analogous  to  ethyl  itself,  regarded  as  C*H*.CH*.     (See  Alcohol-Radiclbs,  i.  97.) 

Ethtl-Amtl.  C'H'«  =  C«H».C*H".  (Wurtz,  Ann.  Ch.  Phys.  [3]  xliv.  275.)— 
This  compound  is  obtained  by  decomposing  60  pts.  of  iodide  of  ethyl  and  70  pts.  of 
iodide  of  amyl  with  14  pts.  of  sodium  in  a  flask  provided  with  an  upright  condensing 
tube  cooled  by  ice-cold  water,  so  that  the  condensed  vapours  may  run  back  into  the 
flask.  The  action  begins  in  the  cold,  and  is  attended  with  evolution  of  heat ;  towards 
the  end,  however,  it  requires  to  be  sustained  by  external  heating.  The  action  is  then 
kept  up  by  adding  quantities  of  the  materials  about  equal  to  the  former,  and  when  it  is 
complete,  the  product  is  distilled  in  an  oil-bath,  the  portion  which  goes  over  below 
120°  C.  being  collected  apart,  and  heated  to  120°  with  excess  of  sodium  in  a  sealed 
tube  to  complete  the  decomposition.  By  fractional  distillation  of  the  products,  ethyl- 
amvl  is  obtained  as  a  liquid  boiling  at  88^  C,  of  speciflc  gravity  07069  at  0°, 
and  vapour-density  »  3*622,  corresponding  with  a  condensation  to  two  volumes 
"    12  +  16.  1  V 

— 2 ^  00693  -  3*466].    It  is  but  slightly  attacked  by  pentachloride 

of  phosphorus  at  its  boiling  point ;  but  in  sealed  tubes  decomposition  takes  place :  the 
products  have  not,  however,  been  examined. 

Ethyl-tbtbtl.  OH"  =  C«H*.C*H».  (Wurtz,  loc,  ciY.)— Prepared,  like  the  pre- 
ceding compound,  by  decomposing  40  grms.  iodide  of  tetryl,  and  34  gnns.  iodide  of 
ethyl  with  11  grms.  sodium.    It  is  a  mobile  liquid,  boiling  at  62°  C,  of  specific  gravity 

0  7011  at  0°   and  vapour-density  -  3063  (calc.  ^-^^  +  ^^-^  ^  o0693  »  2*980). 

The  compounds  of  ethyl  with  oxygen,  sulphur,  chlorine,  bromine,  and  other  elemen- 
tary bodies,  will  be  described  here  in  alphabetical  order ;  the  oxygen-salts,  such  as  the 
acetate,  benzoate,  &c.,  are  described  after  the  corresponding  acids. 

JVA'UIJL*  AWTZBIOWXBBB  OV.  Antimonetht/ls,  Stibcthyls,  Ethylstibines,  See 
Antimomy-Radiclbs,  Organic,  L  339. 

JVA'UIJL*  MkMMMKTDMB  OV.  Arsenethyls,  Ethylarsines,  See  Absbnic-Radicles, 
Obganic,  i.  397. 

BTST&t  BOXZBB  OV.  Borie  Ethide,  Borcthyl  (>H>*B  »  B(C^»)«  -.  BE*. 
(Frankland,  Phil.  Trans.  1862,  p.  167;  Chem.  Soc.  J.  xv.  363.)— Produced  by  the 
action  of  zinc-ethyl  on  triethylic  borate  (i.  650) :  ♦ 

2E»B0«  +  3ZnE  =  2BE«  +  SZnEO. 

Preparation. — Several  ounces  of  boric  ether  were  placed  in  a  capacious  flask  closed 

*  Frankland  preparef  triethylic  borate  bj  diitilUng  about  3  Ibt.  of  a  mixture  of  2  pti.  dried  borax  and 

1  ptt.  ethylsulphate  ofpotauium  In  a  Papln's  digester;  aaiUtei  the  crude  distilUte*  from  several  such 
operations,  conaittlng  of  boric  ether  and  a  large  excess  of  alcohol,  with  ftued  chloride  of  calcium  to  re- 
move the  latter;  decants  the  upf<er  layer  of  liquid  thus  produred,  which  consiats  of  boric  ether,  with  onljr 
a  little  alcohol,  from  the  alcoholic  solution  of  chl<>rlde  of  calcium  below  It ;  aiid  aubiecta  U  to  dialUlatlon, 
coltectlnf  the  UqaM  which  paaaea  over  betweco  1 18<*  and  ltt<^  C. 
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by  ft  doubly  perforated  cork.  Through  one  of  the  porforations  passed  a  thermoMeUK, 
and  thmugh  the  other  a  »hort  glass  tabe,  oqq  fourth  of  an  mch  iii  diftmet«r,  and  opan 
Rt  both  endu:  the  bulb  of  the  thermomuter  dipped  into  tho  boric  ether.  SuccesfiiTe 
quautitiefi  of  pure  xinc-ethyl  were  introdacc«d  through  the  ehort  glass  tube  by  me-ans 
of  a  pipette,  the  el^ration  of  temperature  after  each  addition  being  allowed  to  ^bside 
before  the  next  portion  was  added.  The  failure  of  a  further  addition  of  itinc-fthyl  to 
produce  any  rise  of  temperature  was  regarded  aa  cvidenL*©  of  the  completioa  of  the 
retietion,  which  was  not  att^iined  until  a  comparatively  very  large  amount  of  sdnc^ethyl 
Imd  been  ndde^;i. 

The  liquid  in  the  flask  waa  now  auhmitted  to  distillation  in  an  oil-batli.  It  began 
to  boil  at  94°  C,  and  between  this  tetnpej^tun?  and  140*^  C.  a  considerable  quantity  of 
a  colourless  liquid  distilled  over.  The  distillation  tHen  suddenly  stopped,  and,  to 
avoid  wcondary  products  of  decompciisition  by  the  application  of  a  greater  heat,  tho 
operation  was  tntemiptcd,  Oo  cooling,  the  raateriiils  remaining  in  tbe  flask  solidified 
to  a  mase  of  large  cn^Btals  of  ethylate  of  zinc  and  zlnc-cthjL  On  reetificatioDf  the 
distiUal'e  began  to  boil  at  70^  C,  but  the  thermometer  rose  rapidly  to  9 6'^,  at  which 
temperatnro  the  lost  two*thirds  of  the  liquid  passed  over  and  were  received  apart. 
The  product  thus  collected  exiiibited  a  constant  boiling-point  on  re-distillation. 

Properties. — Borethyl  is  a  colourlciis  mobile  liquid  having  a  pungent  odour ;  its  vapour 
IB  very  irritating  to  the  mucous  merabrane,  and  provokes  a  copious  flow  of  tears.  The 
specilic  gnivity  oif  borethyl  at  23*^  C.  is  0-6961 ;  it  boila  at  95°  C.  Its  Tapoup^ensity, 
as  determined  by  Gay-Lussac'a  method^  is  3*4006 ;  by  calcuktion^  for  a  condeusation  to 
two  volumes,  it  is  3*396   I  =  i^  +  ^  >  ^^^  +  15  .  1     ^  Q.^eggJ 

The  density  of  borethyl  vapour  increases  more  considerably  than  is  usu^,  as  the 
temperature  approaches  the^  boiling-point;  thus  a  determination  made  at  1S2°C.  gave 
the  number  3"6979,  whilst  a  second  showed  the  specific  gravity  of  tbe  vapour  at 
lOl^e**  a  to  b«  no  Ib&b  than  3'757. 

Borethyl  is  insoluble  in  wat&r,  and  is  very  slowly  decomposed  by  prolonged  eontart 
with  it.  Iodine  has  scarcely  any  action  upon  it,  even  at  IQQP  C.  It  floats  upon  t*on> 
cent^ated  nitric  acid  for  several  minutes  witliout  change ;  but  suddenly  a  violwit 
reaction  takes  place,  and  crystals  of  boric  acid  separate.  When  borethyl  v»pour 
comes  in  contact  with  a*r,  it  produces  slight  bluish -white  fumes,  which  in  the  dark  are 
aooD  to  proceed  from  a  lambent  blue  flame.  The  liquid  is  epontaneously  inflammiiblo 
in  air,  burning  with  a  beautiful  green  and  somewhat  fuliginous  flame,  la  contact  with 
pure  orj/fftn  it  explodes.  Excluded  from  the  air,  bon^tliyl  is  quite  a  stable  body ;  a 
quantity  of  it  keptm  a  sealed  tube  for  two  years  exhibited,  on  examination,  no  eviiieiiee 
of  altenition. 

When  borethyl  is  heated  to  09^  C  with  strong  hydrochloric  and  over  mereuijr  a 
considerable  quantity  of  hydride  of  ethyl  is  slowly  evolved,  and  chloro borethyl  is 

B(CH*)»  +  HCl   =    b|^*^*^*  +   CTI'.H. 

"When  borethyl  is  heatod  with  water  to  99°  C.  for  several  hours,  it  »l*o  appears  to 
suffer  an  analogous  decomposition,  although  with  extreme  {»lowucas;  even  with  hydro- 
ehltjric  acid,  the  nction  is  very  tedious.  In  the  cc»kl,  a  strong  solution  of  hydra- 
fivorie  acid  has  no  action  upon  borethyl^  which  also  suflers  scoreely  any  change 
by  being  heated  to  99^^  C.  for  four  hours  with  concentnited  sulphuric  add.  Gently 
heated  for  fourteen  days  with  sodium  in  a  sealed  tube,  borethyl  underwent  no  viaibls 
change. 

Ammonio-Soreihyl,  NH'.B(CH*)'. — When  a  few  drops  of  borethyl  are  passed 
Bp  into  a  dry  eudiometer  tilled  with  mercury,  and  dry  aramoniacal  gas  is  admitted  into 
the  same  tube,  each  bubble  of  gas  collapses  with  a  shock,  like  that  produced  by  a 
bubble  of  steam  projected  into  cold  water*  A  large  quantity  of  ammonia  is  thiis 
absorbed  by  borethyl  with  extreme  energy.  To  prepare  me  compound  tlius  formed  in 
laif;er  quantity,  several  grammes  of  borethyl  were  placed  in  a  small  flask  tilled  with 
nitjrogen  and  surrounded  with  ice  j  a  current  of  dry  ammoniacal  gas  was  now  passed 
into  the  flask  as  long  as  it  was  absorbed ;  finally,  the  product  thus  obtain^nl  woa 
warmed  te  expel  excess  of  ammonia,  and  then  exposed  in  vacuo  over  »tulphuric  acid  for 
twenty-four  hours.  It  did  not  crjstallise,  and  could  not  be  distilled^  except  in  vacoci, 
without  decomposition. 

Ammonio-borethyl  is  a  somewhat  oily  liquid^  possessing  an  aromatic  odour  and  an 
alkaline  reaction.  Carbonic  add  has  no  action  upon  it>  even  in  presence  of  water,  but 
ctluT  ucids  decompose  it  instantly  and  liberate  borethyl  When  it  is  exposed  to  a 
mcjisored  quantity  of  atmospheric  air,  there  is  Bcarocly  any  perceptible  absorption  of 
oxygen,  even  aftcT  the  lapse  of  several  hours. 
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(C«H» 
0»id€  of  Borethyl,    B(C»H»)«0«  =  B^C«H»0.— When  borethyl  ib  placed  in  a 

flask  and  allowed  to  oxidise  eradoally,  first  in  dry  air  and  finally  in  dry  oxygen,  it 
forms  a  colourless  liquid,  which  boils  at  125°  C,  but  cannot  be  distilled  under  atmo- 
spheric pressure  without  partial  decomposition.  At  the  ordinaiy  temperature,  this 
product  of  oxidation  eyaporates  without  residue  in  a  stream  of  carbonic  anhydride.  It 
can  be  distilled  in  vacuo  without  decomposition. 

This  body,  which  is  the  oxide  of  borethyl,  may  be  regarded,  as  shown  by  the  second 
of  the  above  formulsB,  as  dioxethylo-bo  re  thy  1,  i.e.  as  borethyl  in  which  2  at  ethyl 
are  replaced  by  2  at  peroxide  of  ethyl ;  and  this  view  of  its  constitution  is  supported 
by  its  behaviour  with  water :  for  when  placed  in  contact  with  water,  it  is  instantly 
decomposed,  yielding  alcohol  and  dioxhydro- borethyl,  a  compound  derived  from 
borethyl  by  &e  substitution  of  2  at  peroxide  of  hydrogen  for  2  at  ethyl : 

B^C«H»0  +  2H«0  -    B^HO     +   2\\r  \^V 
^CHK)  ^HO  L  n     )    J 

Dioxhydro-borethyl  may  be  conveniently  prepared  in  the  pure  state  by  agitating  its 
aqueous  solution  with  ether,  which  dissolves  the  boric  compound.  The  ethereal  solu- 
tion must  then  be  decanted ;  and  on  evaporation  at  common  temperatures  in  a  stream 
of  carbonic  anhydride,  the  compound  is  left  behind  as  a  white  and  vexy  volatile 
crystalline  mass,  very  soluble  in  water,  alcohol,  and  ether.  It  has  an  agreeable  ethereal 
oJour,  and  a  most  intensely  sweet  taste.  Exposed  to  the  air  it  evaporates  at  ordinary 
temperatures,  undergoing  at  the  same  time  partial  decomposition,  and  invariably 
leaving  a  slight  residue  of  boric  acid.  It  may  be  sublimed  without  change  at  about 
40^  C.  in  a  current  of  carbonic  anhydride,  and  then  condenses  in  magnificent  crystal- 
line plates  resembling  naphthalin.  It  melts  at  a  gentle  heat,  and  at  a  higher  tempera- 
ture boils  with  partifd  decomposition.  Its  vapour  tastes  intensely  sweet  It  reddens 
litmus,  but  does  not  appear  to  be  capable  of  forming  definite  salts  with  metallic  bases ; 
oxide  of  borethyl  may,  however,  as  already  observed,  be  regarded  as  its  ethyl-salt 

Frankland  gives  ahio  another  view  of  the  composition  of  these  bodies.  He  regards 
borethyl  as  hone  anhydride,  BC^  or  BK)',  in  which  the  whole  of  the  oxygen  is  re- 
placed by  an  equivalent  quantity  of  ethyl  (1  at.  C*H^  for  each  at.  0  s  8,  or  2  at  C*H* 
for  each  at  O  »  16),  and  supposes  that  when  this  compound  is  exposed  to  the  action 
of  the  air  or  of  oxygen  gas,  2  at  ethyl  are  removed,  and  their  place  supplied  by  an 

equivalent  quantity  of  oxygen,  jsroduaiig  dioxyborethvlf  orhoriodioxetkide,  B\    0   ,  or 

(   0 

Q«  ,  which  remains  combined  with  the  oxide  of  ethyl  formed  at  the  same  time, 

.p,^,  /C«H» 

producing  dUthylaU  of  boric  dioxethide,  B  \  ^^  .(C^»)»0,  or  B  J  C'HK) ;    and  this, 

<    ^  iC«H»0 

when    subjected    to    the   action   of  water,    yields    dihydrate  of  boric   dioxethide, 

p.»*  ,B.K)j  otB\  ho  ,  which  may  be  regarded  as  a  dibasic  acid,  of  which  the  by- 

"  Iho 

(CH* 
pothetical  compound,  B  j   q'*  »^  the  anhydride. 

An  argument  in  fiivour  of  the  supposition  that  borethyl  is  produced  by  the  substitu- 
tion of  ethyl  for  oxygen  in  boric  anhydride,  is  deduced  tpom  the  formation  of  the 
analogous  compound,  bormethyl,  or  boric  methide,  B(CH*)*,  or  BMe*,  by  the 
action  of  zinc-methyl  on  triethylic  borate,  which  takes  place  as  shown  by  the  equation : 

3E«0.B«0«   +   6ZnMe  =  2BMe»   +   6ZnE0.    • 

Triethjllc  Zinc-         BonnethyL       Ethylate 

borate.  methyl.  of  lina 

Here  the  methyl  evidently  goes  to  the  boron  and  the  oxygen  to  the  zinc;  whereas  if, 
as  supposed  by  Kekul^  (Lehrbuch^  p.  489),  the  action  consisted  in  a  simple  deoxidation 
of  the  boric  ether,  the  products  would  be  methylate  of  zin(%  ZnMeO,  and  borethyl, 
BE*:  hence  it  may  be  inferred  that  the  decomposition  of  boric  ether  by  zinc-ethyl  is 
likewise,  not  a  mere  deoxidation  of  the  former,  but  a  process  of  substitution.  It 
must  be  observed,  however,  that  the  interchange  which  takes  place  in  the  formation  of 
the  methyl-compound  is  not  that  of  methyl  for  oxygen,  but  of  methyl  for  peroxide  of 
ethyl,  £0,  the  reaction  being  most  dearly  represented  in  the  form : 

B(£0)*  +  3ZnMe  »  BMe*  +  SZnEO. 
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Moreorer^  Frank] and  find^  t^t  smc-ethjl  him  no  ftction  whaterer  on  borie  anlij- 
dride  at  any  tempera  tare  to  which  a  inLzture  of  thn  two  may  he  exposed.  Tim  maj 
iDtle^d  be  due  to  the  jnsoIubUity  of  the  boric  anhjdride  in  the  zinc-ethvl ;  but  it  msy 
aUo  iudicjite  that  the  aNsociiition  of  an  alcohol-radicle  witJi  the  boron  is  &&  eisentiiLl 
condition  of  the  reaction. 

irritll*,  aHOMxaiM  of*  CH^Br.  H^dmbromic  or  Br&mht/dria' Ether,  (Se- 
ru]last  Aiin.  Ch.  Phys.  xzxir,  99,— Lowig,  Ann.  Ck  Phurm,  iil  291,)— Discovered 
by  SeruUaa  in  1827.  I^oduced  hj  the  action  of  bromine,  hydrohromic  acid,  or  bro- 
mide of  photiphorui^t  on  alc^ohoL 

Prtparatum. — 1.  One  part  of  phoephonu  and  iO  pts,  of  alcohol  of  38*  Bm,  a«  intro* 
duc^d  into  a  tubiikU\l  retort,  and  7  to  8  pts.  of  bromine  gradaally  added,  wherenpon 
the  mixture  becomet*  heated  and  hjdrobromk'  and  phosphoTOUfi  acids  ure  produced ; 
the  tubulus  is  then  closed^  the  mixturti  distilled  at  a  gientlo  h^ut,  tho  distillate  col- 
lect**d  in  a  cookd  recf iTer,  aud  the  bjfdrobromic  other  ijcparated  from  it  by  water,  to 
irhich,  if  the  distillate  contains  acid,  a  BmaU  quuntitj  of  potaiih  Ls  added  (^Serullas). 
— 2.  Absolute  alcohol  gradually  mixed  in  a  dibtiiktory  epparatus  with  a  treble  qnan- 
tity  of  bromine  and  heated  from  withoTit  towartk  the  end  of  the  proccjss,  yie-lda  a  dis- 
tillate oonaisting  of  two  layera  The  lower  reddish  utratum,  wbich  consiitta  of  bromide 
of  ethyl,  a  amail  quantity  of  bromide  of  carbon  (CTJr*J,  and  free  bromine,  is  freed  from 
the  latter  by  aj^tation  with  dilute  potash  till  it  loses  ita  colour,  and  then  from  bromide 
of  carbon  by  distillation  (Lowig). — 3.  According  to  De  Vrij,  it  is  easily  prepared  by 
distilling  4  pt«t.  pulverised  bromide  of  potassium  with  5  pin.  of  a  mixture  of  2  pts. 
Btrfing  sulphuric  add  and  I  pt  alcohol  of  96  per  cf  nt. 

Pntptriks. — Transparent  and  colourless  liquid,  heavier  than  water  ^Serullas). 
Spucific  gravity  140  (Lowig);  1  4733  at  0°  (Pierre).  Vuponr-den«ity  =*  3*764 
(K.  Marchand,  J.  pr.  Chem.  i88).  Very  volatile.  Bciiling  point  407 C„  when  the 
barometer  stands  at  7^7  mm.  (Pierre).  Kaa  a  strong  ethereal  odour  and  a  pungent 
taste  (Senillas).  According  to  Luwig,  its  taste  is  strongly  and  clisa^«eably  sweetish, 
with  a  somewhat  burning  afler-taste.  The  vapour»  when  luhalod,  exerts  an  aosesthetic 
action,  like  chloroform  (Ho bin,  Compt.  rend,  xxxii.  649).  It  ia  sparingly  soluble  in 
wattT,  but  mixes  in  all  proportions  with  alcohol  and  ether, 

JJfcompoeitions. — L  Vapour  of  hydrobromic  ether  passed  through  a  glass  tube  at  a 
low  red  heat  is  resolved  into  etbyleoo  and  hydrobromic  acid  gas;  if  the  tube  be  more 
strongly  ignited,  charcoal  is  depcvaitetl  ^Lowig).^2.  It  bums  with  difficulty,  but  with 
a  beautiful  green  flame  wbich  d(^es  not  smoke,  a  strong  odour  of  hyilrobromic  acid 
being  at  the  same  lime  evolvetl  (L5wig). — 3.  It  is  not  deeomposed  by  nitric  acid^  oil 
of  vitriol,  or  potassium  (Lowig).  —  4*  With  ammonia,  it  yields  hjdrobromatu  of 
ethylamine : 

NH>  +  C^*Br  ^  C*H»lf.HBr. 

Similarly  with  etht/lamine^  it  forms  hydrobromate  of  diet  by  1ft  mine;  and  with  the  laffc 
hydrobromatts   of  triethylamine.      With  phcnylaraine,  N.HVO*H*,   it   yields   byd 
bromute  of  etbyl-phenylaminc,  C*H^'N.HBr  (Hofmunn). — 6,  With  aicoholic  pota 
solution  it  forms  bromide  of  potassium  and  oxide  of  ethyl: 

C^».K.O   +   C'H^Br  =  KBr  +   (C»H*)«0. 

(Berth el ot,  Ann.  Ch.  Phorm.  xcii.  35 L) 

STSTIi,  CBZiORlllS  OF.  CHKJL  Chlorhf/dnc  or  Hydroch/orie  Ether,  Ught 
Mu riatfc  Kthtr.  ( R  o  b  i  q  u  e t  and  C  o  1  i n,  Ann.  Ch.  Phys.  [2 ]  i.  34 3. — R e g  n  a  u  1 1^ 
ifftd.  btxi,  3o5. — Kuhlmann,  Ann.  Ch,  Pharm.  xxxiii.  108. ^-Lo wig,  Pogg.  Ann, 
xlv.  346.  —  Gm.  viii.  367. — Gerh.  ii.  308.) — This  compound  in  an  impure  state  was 
known  to  many  of  the  older  cbenxiste,  especially  Rouellc ;  its  compoaition  was  finst 
correctly  ascertained  by  Robiquet  and  Colin. 

Chlorideof  ethyl  is  easily  formed  from  alcohol  and  hydrochloric  acid :  C*H*0  +  HCl  — 
C*H*C1  +  H^O ;  also  l>v  distilling  alcohol  with  various  chlorides,  e.g.  chloride  of 
altiminium,  antimonic  chloride^  ferric  chloride,  pentachloride  of  phosphorus^  dichlorido 
of  platinum,  chlonde  of  sulphur,  stannic  chloride^  chloride  of  zinc,  &c.,  its  formation* 
especially  by  tho  action  of  metollie  chlorides,  being  usually  accompanied  by  that  of 
oxide  of  ethyl  (see  Alcohol,  L  77).  It  is  likewise  produced  by  the  action  of  chlorine 
on  iodide  of  ethyl,  by  that  of  hydrochloric  acid  on  acetiite  of  ethyl,  and,  according  to 
Berthebt,  by  heating  oxide  of  ettiyl  with  hydrochloric  acid  in  sealed  tubes. 

Freparntifm. —  L  Absolute,  or  at  leaat  very  strong  alcohol,  is  saturated  with  hydro- 
chloric acid  gas,  the  liquid  distilled  in  the  water-bath,  and  the  distillat4»  passed  first 
into  a  bottle  containing  water,  and  immersed  in  water  at  20^— 2fi°C.,  tlien  into  a 
receirer  surrounded  with  ice.  The  product  is  washed  either  with  pure  oe  with  soliti* 
water  to  remove  free  alcohol,  and  then  rectified  over  magneiia. 
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2.  Chloride  of  ethyl  may  also  be  prepared  by  distilling  a  mixture  of  6  pts.  alcohol, 
6pt8.  strong  sulphuric  acid,  and  12  pts.  common  salt,  or  by  distilling  alconol  with  the 
perchlorides  of  tin,  bismuth,  antimony,  arsenic,  or  iron. 

3.  A  conyenient  method  of  preparing  chloride  of  ethyl  in  a  state  of  purity  is  to  act 
on  absolute  (or  nearly  absolute)  alcohol  by  means  of  pentachloride  of  phosphorus. 
The  pentachloride  is  contained  in  a  flask,  and,  by  help  of  a  suitable  arrangement,  the 
alcohol  is  allowed  to  flow  upon  it  in  quantities  of  a  few  drops  at  a  time,  care  being 
taken  that  each  quantity  has  reacted  before  more  is  added  The  mixture  of  hydro- 
chloric acid  ^as  and  chloride  of  ethyl  vapour  thus  formed  is  passed,  first  through  a 
U-tubo  containing  pieces  of  pentachloride  of  phosphorus,  in  order  to  decompose  any 
alcohol  Tapour  that  may  accompany  it ;  then  through  a  vessel  containing  water,  to 
absorb  the  hydrochloric  acid;  next  through  one  or  two  U-tubes  containing  fused 
chloride  of  calcium  ;  and  lastly,  into  a  receiver  cooled  by  a  mixture  of  ice  and  salt. 
All  the  parts  of  the  apparatus,  between  the  generating  flask  and  the  receiver,  should 
be  kept  at  a  temperature  of  25^  or  30'-*  C,  to  prevent  the  condensation  of  the  chloride 
of  ethyL 

Propertie*, — Chloride  of  ethyl  is  a  thin  colourless  liquid,  of  specific  gravity  0*920  at 
^  C.  (PierreJ.  It  boils  at  11°  C,  and  does  not  solidify  at  —29°.  Its  vapour-density, 
aa  determined  by  Th^nard,  is  2*219 ;  by  calculation  for  a  condensation  to  2  vol  it  is  2*235 

(  M  — ! ^ X  0*0693  j .  It  has  a  pungent  ethereal  odour  and  a  sweetish 

aromatic  taste,  with  somewhat  alliaceous  after-taste.     It  is  very  infiammable,  and 
bums  with  a  green-edged  fiame,  evolving  hydrochloric  add. 

Chloride  of  ethyl  dissolves  sparingly  in  water^  but  mixes  in  all  proportions  with  a/- 
eohol  and  ether.  It  dissolves  sulphur^  phosphorus^  fatSy  volatile  oUSj  many  resins  and 
colouring  matters.    It  unites  with  several  metallic  chlorides. 

Pentachloride  of  antimony  absorbs  the  vapour  of  chloride  of  ethyl,  with  evolution  of 
heat,  and  forms  a  colourless  liquid,  which  fumes  in  the  air,  and  in  a  dry  atmosphere 
solidifies  to  a  crystalline  mass ;  this,  however,  gradually  becomes  liquid  and  brown, 
and  slowly  deposits  crystals  of  trichloride  of  antimony,  whereupon  water  throws 
down  a  brown  oil  from  the  brown  mother-liquid  (Kuhlmann).  Stannic  chloride 
likewise  yields,  with  evolution  of  heat,  a  liquid  which  fumes  in  the  air,  and  when  set 
aside  over  lime  under  a  bell  jar  containing  air,  effloresces  on  the  edge  of  the  basin  in 
plumose  vegetations.  Water  decomposes  the  compound,  separating  part  of  the  ether 
in  the  undecomposed  state,  and  if  the  compound  is  not  recently  prepared,  precipitat- 
ing a  white  substance,  probably  stannic  oxide  (Kuhlmann).  aesquicmoriae  of 
iron  in  dry  air  forms  with  chloride  of  ethyl  a  compound  which  crystallises  indistinctly, 
and  from  which  water  throws  down  a  large  quantity  of  ferric  oxide  and  separates  hy- 
drochloric ether.     (Kuhlmann,  Ann.  On.  Pharm.  xxxiii.  108.) 

Chloride  of  ethyl  is  used  in  medicine  for  the  same  purposes  as  common  ether ;  it  has 
been  recommended  in  catarrhal  affections.  As  its  great  volatility  would  interfere  with 
its  application,  it  is  usually  mixed  with  an  equal  weight  of  alcohol,  the  mixture  consti- 
tuting the  alcoholised  muriatic  ether  of  the  pharmacopceias. 

Decompositions.  1.  By  heat. — Chloride  of  ethyl  passed  through  a  red-hot  porcelain 
tube  is  resolved  into  ethylene  and  hydrochloric  acid ;  at  a  stronger  heat,  carbon  is  se- 
parated, and  marsh-gas  and  hydrogen  are  obtained,  as  well  as  hydrochloric  acid. — 
2.  Cold  nitric  acid  of  specific  gravity  1*3  exerts  no  action  on  chloride  of  ethyl ;  but 
when  the  vapour  of  that  compound  is  passed  through  the  boiling  acid,  hydrochlorio 
acid  is  evolved,  together  with  a  small  quantity  of  nitrous  ether  (Thinard,  Boullay). 
— 3.  Sulphuric  anhydride  absorbs  the  vapour  of  hydrochloric  ether  abundantly,  and 
converts  it  into  a  liquid,  which  fumes  in  the  air,  boils  at  130°  C,  and  passes  over 
partly  undecomposed,  whilst  the  residue  turns  brown  and  gives  off  sulphurous  acid 
(Kuhlmann,  loc.  cit.).    The  compound  thus  formed  is  S0*.C^H*C1,  and  may  be 

(C*H*0 
regarded  as  chlorethylosulphuric  acid  (SO^)"]    q^    >  ^^^  ^  '^  sulphuric  acid 

(SO*)"  J5q,  in  which  1  at  HO  is  replaced  by  peroxide  of  ethyl  and  the  other  by 

chlorine  (R  Williamson,  Chem.  Soc.  Qu.  J.  x.  100).  Strong *i//^AMrfc  acid  likewise 
absorbs  vapour  of  chloride  of  ethyl,  but  does  not  afterwards  yield  an  oil  on  addition  of 
water  (K  u  h  1  m  a  n  n).  It  does  not  exert  any  decomposing  action  at  medium  temperatures, 
but  when  the  rapour  of  hydrochloric  ether  is  passed  through  it  at  a  high  temperature, 
hydrochloric  acid  gas  is  evolved  (T  h  6  n  ar  d),  together  with  ethylene  gas,  and  ultimately 
also  with  sulphurous  anhydride  (Boullay).— '4.  In  an  aqueous  solution  of  nitrate  of 
silver,  chlorfde  of  ethyl,  whether  in  the  gaseous  or  liquid  state,  forms  no  precipitate  at 
first,  a  very  slight  one  after  an  hour,  and  even  in  three  months  but  a  smadl  quantity  of 
chloride  of  silver  (Th^nard,  Boullay) ;  according  to  Th^nard,  it  acts  in  a  precisely 
similar  manner  on  mercurous  nitrate,  but,  according  to  Boullay,  it  immediately  throws 
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down  a  laiige  qxtantitj  of  cftlomel  jrom  a  eoltitioa  of  thut  mIL  Chloride  of  stlrer  ii 
rujudly  preeipitatt'd  wheo  hjtirochloric  fthcr  w  healed  to  100°  C  in  a  settled  tube 
with  uqu*K»iifi  iioIatioQ  of  niLmte  of  silver  [Or,  C.  Fostt^r), — 6»  Amfrumiacul  gas  and 
the  aqueous  solution  of  ammuuia  act  but  Tery  slowly  at  ordinary  tempei^turoB  on 
chloride  of  vtbvl,  either  in  the  gaseous  or  liquJd  states  takiiig  up  a  small  quantity  of 
chlorine  from  il  (Th^uard).  A  roixtore  of  1  toI.  chloride  <J  etJiyl  Tapour  and  2  toL 
annQoniacal  gatf  lieated  over  the  flame  of  a  epif  it-lam  p.  soon  diminitthGa  in  rolume, 
deposits  a  large  quantity  of  eal-ammouiac,  and^  after  being  h(.''at<.Hl  for  some  lime, 
leaTes  a  mixture  of  amtnomacal  and  ethylene  gas  (Dumas  and  St^n^  Ann.  Ch.  Phya. 
IxxiiL  164):  C*H*C1  +  NH*  =  C-H*  +  NH*C1.  Chloride  of  ethyl  ^U  sdowly  on  an 
ethereal  solution  of  ammonia.  When  the  mixture  is  allowed  to  st&itd  in  stoppered 
bottles  t'xptjsed  to  sunlight  at  the  beginning  of  the  reaetion,  finta  crystals  of  hydro- 
chlorate  of  ethylamine  are  deposited  (Slas,  KeJndis  Lehrbuch,  L  455),  Chloride  of 
ethyl,  mixed  with  tliree  times  its  Tolume  of  alcohol  saturated  with  ammonia-gas,  and 
bented  to  100°  C.  for  six  or  seren  hours  in  a  sealed  tube,  yields  a  Is^rge  quantity  of 
chloride  of  ethylammonium  rN.Ii*,C-ll*)-Ci,  together  with  small  quantities  of  the 
chJorides  of  ditthyl-  and  totretnyl-ammoniam  (Grovets,  Chem,  Soc  Qu.  J.  liiL  331). — 
6.  Aqut^oua  potash  at  ordinary  temperatures  takes  but  a  small  quantity  of  chlorine 
from  chloride  of  ethyl,  eren  in  the  coarse  of  three  months  (Th^nard).  According  to 
lioullay,  the  vajiour  of  hydrochloric  ether  pajsst'd  through  a  bent  tube  into  potash-ley 
heated  in,  a  tubulated  retort^  is  almost  wholly  decomposed,  clilodde  of  potassium  being 
formed  and  alcohol  having  the  taste  and  smell  of  rum  distilling  over; 

C»H*C1  +  KHO  «  C'H'O  +  KGL 
A  satttrated  alcoholic  solution  of  potash  decomijoses  hydrochloric  ether,  l)Hwecu  14** 
and  25^  C^  more  rapidly  than  aquoons  potash,  beginning,  in  fnct,  \o  deposit  chloride 
of  potassium  after  the  bapse  of  twenty-fonr  hours  *  but  the  dt*coiiiposition  is  not  com- 
plete even  in  a  week  (T  h  6  n  a  r  d).  A  mixture  of  alcoholic  potash  and  hydrochloric  ether 
imio^od  in  a  strong  glass  tube  and  hinted  to  100°  C.  deposits  chloride  of  potaAsiam 
and  forms  a  liquid  oontainm||  eommoti  ether  (Bala rd,  Ann»  Chim,  Phys,  [3]  xii.  3(12). 
When  Ti^ur  of  chloride  of  ethyl  is  passed  throiigh  a  t^ibe  in  which  a  mixture  of  Jiroe  and 
hydrat*  of  potassium  is  gently  heat^?d,  chloride  of  potasaium  is  obtained,  together  with 
very  pur*i  ethyU^ne  gas  (Bum  as  and  S  t as). — 7.  Vapour  of  cbjoride  of  ethyl  passed  into 
a  heated  alcoholic  solution  nf  protosulpkids  ofpot^i^um^  is  converted  into  sulphide  of 
ethyl;  similarlyv  ^ith  an  alcoholic  solution  of  sulphide  of  hydrogen  and  potassium,  it 
forms  mercaptan  (Rognault): 

2C»H»C1  +  K=«S  «  (C*H»)»S  +  2KC1 ;  and  C»n*Cl  +  KHS  -  C*H«S  +  KCL 

8.  Potassium  acts  rapidly  on  chloride  of  ethyl,  prodacing  an  evolution  of  heat,  whereby 
part  of  the  ether  is  volatilised,  with  ebullitioni.  If  the  potassium  be  freed  by  repeated 
pressure  fmm  the  crust  which  forms  upon  it,  tJie  whole  of  it  is  ultimately  eonveited 
into  a  white  powder.  This  powder,  when  subjected  to  dry  distQlation,  gives  off  com- 
bustible gases  and  leaves  a  carbonaceous  residue,  which  immediately  bums  away  on 
eipoBuro  to  the  air.  It  dissolves  in  water,  with  evolution  of  hydrogen,  forming  a 
liquid  which  contains  a  laf^e  quantity  of  chloride  of  potassium ;  ether  ahidcen  up  with 
this  liquid  dissolves  out  aii  oil  which  remaltis  behind  when  the  ether  is  evaporated  in 
vacuo,  but  likewise  evaporates  itself  when  left  for  some  time  in  the  vacuum.  This 
oil  has  a  pecnli;ir  odour,  a  soapy  and  somewhat  burning  taste,  and  bums  with  a  bright 
flame.  The  white  powder  contains  carbon  and  hyflrogen  in  the  proportion  of  82*79 
pta,  to  17*21  pts. ;  therefore  in  t)ie  proportion  of  ethyl,  C*H*,  Hence  the  white 
powder  appears  to  be  a  compound  of  chloride  and  ethylide  of  potaesiumf  KCH*,  and 
the  oil  is  perhaps  a  hydrate  of  cthyL     (Lowig,  Pogg.  Ann.  xlv.  346.) 

Ciii.oniNATBi>  BKKrrATrvBS  of  Chlobidb  of  Ethyl* 

Chlorine  does  not  act  on  chloride  of  ethyl  in  tho  dark,  and  but  slowly  in  diffused 
daylight ;  but  in  »unsliiuo  the  action  is  very  rapid,  the  liquid  sometimes  tapping  fire 
and  depositing  chfircoal.  If  the  action  be  eot  up  in  direct  sunshine,  then  Ci!)ntinued  in 
diflpiised  daylight.,  and  finally  completed  in  sunshine,  tho  following  substitution-products 
are  farmed,  with  evolution  of  hydrochloric  acid: 

Honoehlorinated  Chloride  of  Ethyl  .         .         C^*C1»    »   C*(H*Ct  \C\ 

iJichlorinated  „  CH»Cl"    -=  C^(H"C1*).CI 

Trichlurinated  „  „      .        .        .        CH-Cl*    -  C*(H*Cl«>.Cl 

Tetrai^hlorinated       „  „      ,        .         .        C'HGl*     «   C^H  Cn*).Cl 

Perchlorinat-ed  „  „      .        .        .         C-01*        «     C*C1^CL 

The  last  of  these  products  is  identical  with  trichloride  of  carbon  (i.  766)  ;  the  first  is 
isomeric  with  dichloride  of  ethylene;  the  scct^nd.  and  those  which  follow  it,  with  chloride 
of  vinyl  and  iU  derivatives,     (Regn  ault^  Ann.  Ch.  4*hya.  [2]  Ixxi.  365.) 
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Monochlorinated  Chloride  of  Ethyl,  C*H*CP«  oj^j* J. CL— Isomeric    with 

dichloiide  of  ethylene;  sometimes  called  Chloraldehyde, 

The  apparatus  used  for  the  preparation  of  this  compound  is  similar  to  that  which 
serres  for  the  preparation  of  chloride  of  ethylene  {q.  v.).  Chloride  of  ethyl,  evolved  by 
heating  in  a  flask  a  mixture  of  equal  volumes  of  sJcohol  and  fuming  hydrochloric  acid, 
is  passed  through  three  wash-bottles,  the  first  containing  water,  the  second  sulphuric 
acid,  and  the  third  water,  to  free  it  from  hydrochloric  acid  and  alcohol,  and  then  into 
a  elass  ^lobe,  which  is  connected  on  its  opposite  side  with  another  flask  in  which 
chlorine  is  evolved.  The  globe  has  at  the  bottom  a  narrow  neck  fitted  into  the  cork 
of  a  wide-mouthed  bottle,  which  is  further  connected  by  a  bent  tube  with  another  • 
bottle  standing  in  a  vessel  of  cold  water,  this  second  bottle  being  also  provided  with  an 
escape-tube  for  the  hydrochloric  acid  gas  evolved.  The  chlorine  and  hydrochloric 
ether  meeting  in  the  glass  globe  are  at  first  exposed  to  the  rays  of  the  sun  concen- 
trated on  the  vessel  by  a  lens  or  mirror ;  but  when  the  action  has  thus  been  set  up, 
the  vessel  is  placed  in  the  shade,  and  the  action  left  to  go  on  by  itself^  care  being  taken 
to  keep  up  a  good  stream  of  the  vapour  of  chloride  of  ethyl,  so  as  to  prevent,  as  &r  as 
possible,  the  formation  of  the  more  highly  chlorinated  products.  The  monochlorinated 
hydrochloric  ether  thus  produced,  condenses,  partly  in  the  globe,  partly  in  the  wide- 
mouthed  bottles.  It  is  purified  by  shaking  it  up  several  times  with  water,  then  dis- 
tilling over  the  water-bath,  and  finally  rectifying  over  quicklime,  the  first  drops  of  the 
distillate,  which  contain  unaltered  chloride  of  ethvl,  being  rejected,  and  likewise  the 
last  fourth,  which  generally  contains  the  more  highly  chlorinated  products. 

Monochlorinated  chloride  of  ethyl  is  a  transparent,  colourless,  very  thin  liquid,  of 
specific  gravity  1*174  at  17®  C.  Boils  at  64°.  Vapour-density,  by  experiment  3-478, 
by  calcination  (2  vol.)  3*42.  It  is  insoluble  in  water,  but  miscible  in  all  proportions  with 
aleoholaii'^  ether.  Smells  like  Dutch  liquid,  and  has  a  sweet,  fieiy  taste.    (Regnault) 

When  distilled  with  alcoholic  potash,  it  passes  over  for  the  most  part  unaltered ;  but 
the  residue  contains  a  small  quantity  of  chloride  of  potassium,  and  on  addition  of 
water  deposits  a  brown  sticky  resin,  probably  resin  of  aldehyde. — It  may  be  distilled 
ondecomposed  in  contact  with  potassium,  the  metal  retaining  its  lustre.  (Regnault.) 

Monochlorinated  hydrochloric  ether  is  distinguished  from  Dutch  liquid,  which  is 
iMmeric  with  it^  by  its  smaller  specific  gravity,  lower  boiling  point,  and  difficult  de- 
oomposibility  by  potash. 

Preparation  of  the  more  highly  chlorinated  prodttcts. —TheBe  are  obtaaoed  by  the 
action  of  chlorine  on  the  compound  just  described.  In  diffused  daylight  chlorine  does 
not  exert  any  perceptible  decomposing  action  on  the  monochlorinated  chloride, 
but  dissolves  in  it  abundantly,  imparting  to  the  liquid  an  intense  yellow  colour. 
If  the  liquid  thus  saturated  be  exposed  to  sunshine,  a  very  violent  action  is  set  up, 
torrents  of  hydrochloric  acid  being  evolved,  and  the  liquid  often  thrown  out  of  the 
TcsseL 

On  pouring  a  small  quantity  of  the  monochlorinated  chloride  into  a  large  bottle 
filled  with  chlorine,  and  exposing  it  to  sunshine,  crystals  of  the  pcrchlorinated  com- 
pound, CCl*,  are  obtained  after  a  while.  The  preparation  of  the  intermediate  pro- 
ducts is  somewhat  difficulty  but  may  be  effected  by  operating  as  follows  with  a  large 
quantity  of  material : 

600  or  700  grammes  of  the  monochlorinated  chloride  are  placed  in  a  large  test-tube 
and  covered  with  a  layer  of  water.  A  stream  of  chlorine  is  then  passed  to  the  bottom 
of  the  tube,  which  is  connected  with  a  cooled  receiver,  and  placed  at  first  in  the  shade, 
so  that  the  chlorine  may  saturate  the  liquid  without  decomposing  it  The  vessel  is 
afterwards  placed  in  a  stronger  light,  or  even  in  sunshine,  and  ahor  the  action  has 
gone  on  for  about  two  days,  the  liquid  is  distille(l,  and  the  first  half  of  the  distillate  is 
again  subjected  for  a  while  to  the  action  of  chlorine,  then  united  with  the  second  half, 
and  the  whole  distilled  in  a  retort  fitted  with  a  thermometer,  the  first  and  last  fourths 
of  the  distillate  being  set  aside,  and  the  medium  portion,  which  ought  to  boil  at  a 
tolerably  constant  temperature,  being  collected  apart  By  further  fractionating  this 
medium  product  into  several  parts,  products  of  constant  boiling  point  and  composition 
will  at  length  be  obtained  in  a  state  of  purity.  The  other  fractions,  which  do  not 
exhibit  constant  boiling  points,  may  be  used  for  the  preparation  of  the  more  highly 
chlorinated  products,  for  which  purpose  they  are  returned  to  the  test-tube,  to  be  again 
submitted  to  the  action  of  chlorine,  the  least  chlorinated  being  treated  first. 

The  liquid,  which  condenses  in  the  cooked  receiver  during  the  action  of  the  chorine, 
is  preserved  for  the  preparation  of  the  pcrchlorinated  compound,  C*C1*. 

The  lower  products  are  obtained  ^-ith  tolerable  facility ;  but  the  preparation  of  those 
which  contain  the  larger  proportions  of  chlorine  is  much  more  difficult,  because  the 
quantity  of  liquid  subjected  to  the  action  of  the  chlorine  diminishes  considerably 
aoring  the  operation,  whereby  the  difficulty  of  separating  the  products  by  distillation 
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IB  iocTMsed.  It  is  Deoessaiy  to  ftnsljse  Ibe  frroduirts  from  time  to  time,  bo  m  to  maJc^ 
Bure  thaJt  the  required  degree  of  cklonnatioa  is  not  exceeded. 

Diehiarinated    Chloride    of  Ethyl,   (?H'a>   =*  C*J^'|.CL— laomcricwith 

ehloridt  of  mnvL  Specific  gmrity  1 '372  &t  0°  C,  Boiling  point  76*^.  Vapour- density 
i-530.  lU  ocfotir  rvsembles  thai  of  Dutch  liqitid.  It  is  ncarcely  altered  by  &ii  alco- 
holic solution  of  potAtib,  even  at  the  boiling  heat ;  but  nf^er  the  tjreatme&t  has  be<ni 
repeated  several  timeSj  chloride  and  acetate  of  potassinm  ar(»  prodared: 

C'H'Cl"  +  4KH0  ^  3KCI  +  CH'KO*  +  2HK), 

It  ifl  not  decomposed  by  alcoholic  sulphjdrat^  of  potassium. 

TrichlorinatU  Chloride  of  Ethyl,  C*WCi*  =  C*j^|*  j.Cl— Besembles  the 

two  preceding  product*  in  external  characters.  Specific  gravity  1-630  at  17**  C. 
Boiling  point  102"^.  Vapour-density  5799.  Heated  with  alcoholic  potash,  it  yields 
a  ceHain  quimtity  of  chlori^k  of  potaasium.  Not  attacked  by  solphydrate  of 
potaaaimn. 

Tetrachtorinaied  Chloride  of  Ethyl,  (?HC1*  -=  C*  j 5 J  ,CL— Difficnlt  to  ob- 

tAin  pure.  A  product  not  quite  pure  had  a  speciflc  gniTity  of  1  '6i4.  Boiling  point  lifi^  C. 
Vapiur-density  =  6'975.  It  is  more  easily  attacked  than  the  precluding  product*  by 
alcoholic  potash,  heat  being  evolred  and  chloride  of  potassium  deposited;  the  distilled 
]iquor  diluted  with  water  deposits  an  oily  substance.  Potassium  does  not  act  upon  the 
tetmchlorinated  compound  in  tha  cold,  but  on  applying  heat,  a  Yiolent  explosion  Uki» 
place  and  carbon  is  deposited. 

Perthlorinattd  Chloride  of  Ethyl^  CQ*  ^  CKn'.Cl.  — Identical  with  tri- 
chbnde  of  carbon  (L  766). 

He  any  Hifdroehtaric  Ether^  the  product  obtained  by  passing  cUonne  info  al- 
cohol^ not  long  enough  to  convert  it  into  chloral,  and  washing  the  product  with  water 
ttctd  potash,  or  by  saturating  alcohol  with  hydrochloric  acid  gas  and  aijtilling  with  per- 
oxide of  manganese,  or  by  passing  chlorine  into  etli?r  and  pri»dpitating  witb  water^ — 
is  a  mixture  of  several  products,  rlz,  acetate  of  ethyl,  aldehyde,  chloral^  chloride  of 
ethyl,  and  perhaps  iil«o  ehloride  of  ethylene?.     (Gm.  viiL  273.) 

SXMXla,  CS&OROF&ATZM'AVS  OT*    See  ETHYLXKS-osLOiiniS  OF  P^jLTIX  17m. 

BTHTl^t  €7fil.Oft0SWX.PB^Xa  Or,  or  Chtorethyl-suljfhurie  Acid.  Be9 
p,  629  ;  also  St-U'iicitio  Etueus. 

STSTXi,  crrAVXBB  OP,  C*n*N  ^  C'H*.Cy.~The  preparation  and  most  of 
the  reactions  of  this  compound  are  described  under  CTAicmis  (p*  211).  We  have  berw 
to  speak  of  the  products  of  its  decomposition  by  chhrme^  as  described  by  R,  Otta 
(Ann.  Ch.  Phorm.  civl  195.) 

When  dry  chlorine  gas  ia  passed  into  cyanide  of  ethyl  in  a  ve^el  exposed  to  diffused 
daylight^  a  laT^e  quantity  of  hydrochloric  acid  is  evolved,  and  jit  the  end  of  the  reae* 
tion,  which  rcqiupca  at  last  to  be  assisted  by  heat,  the  viscid  liquid,  if  exposed  to  the 
temperature  of  a  freezing  mixture,  deposits  a  crystalline  substance  (a\  haTing  the 
compoftition  CH^'CPN'O".  This  substance  ia  soluble  in  water,  alcohol,  suaA  ether, 
molta  at  110-5^  C,  and  solidifies  to  a  radio-crystalline  mass  at  86°.  The  nqueoos  sola- 
tion  is  neutral,  is  not  precipitated  by  nitrate  of  siItct,  and  when  boiled  with  potash 
gives  oli'a  lairge  quantity  of  ammonia  and  ieavps  chloride  of  potassium. 

The  liquid  separated  from  this  crystailine  sabstance  (ft)  yields  by  distillation  a  liquid 
distillate  (h)  and  a  brown  residue  (c),  which  soUdii^es  to  a  cr^stollinu  mass  on  coohng. 
The  distillate,  after  repeated  rectification,  boils  with  alight  decomposition  at  104**— 
107^  C.»  and  exhibits  the  composition  of  cyanide  of  dichlorethyl,  C*H*Cl'N'  = 
C*H*CP.Cy.  Specific  gravity  =  1*431  at  15^  0.  Vapour^density^  by  experiment  — 
4*26  ;  by  calculation  =  4*29.  It  is  cfilourltias,  insoluble  in  water,  miscible  in  all  pro- 
portions with  alcohol  and  ethen  Wbea  kept  in  loosely  stniipcred  veesels,  it  decom- 
poses with  abundant  fonniition  of  hydrochloric  acid  ;  and  when  heated  with  potash  or 
baryta,  gives  off  ammonia  and  yields  chloride  of  potassium  or  banunii  together  with 
the  salt  of  a  non- volatile  acid. 

The  crystals  which  separate  from  the  residue  (c)  likewise  exhibit^  after  reeiystallisatioa 
&om  alcohol,  the  composition  of  cyaotde  of  dichlorethyl.  They  liuv©  sometimes  the  form 
of  scales,  sometimes  that  of  large  tables  or  prisms;  they  are  colourless  and  inodorous, 
melt  at  74 -5^  C,  sublime  with  dirticulty,  and  with  partial  decompositionf  are  iii- 
Boluhle  in  wuter,  dissolve  u,t  26^  C.  io  7*17  pts.  of  anhydrous  alcohol  and  in  0^77  ptit 
ether.     With  alkalis  they  bthuve  like  the  isomeric  liquid  compound. 
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OF.  Hydrofluoric  or  Flttorhydrio  Ether.  C*H*F(?)^ 
Prodaced  by  distilling  a  mixture  of  fluor-spar,  sulphuric  acid,  and  alcohol,  or  by  pass- 
ing dry  hyoroflnoric  acid  gas  into  absolute  alcohol  contained  in  a  leaden  or  platinum 
yessel  surrounded  with  ice  and  salt  On  distilling  off  about  one-fourth  of  the  satu- 
rated liquid,  and  mixing  the  distillate  with  water,  a  light  ethereal  liquid  rises  to  the 
sor^Euse,  which  appears  to  be  fluoride  of  ethyl  It  is  very  volatile,  colourless,  has  a 
peculiar  odour,  like  that  of  horse-radish,  and  bums  with  a  bluish  flame,  giving  off 
vapours  of  hydrofluoric  acid.  It  cannot  be  preserved  in  glass  vessels,  at  least  not  in 
contact  with  water,  being  then  decomposed,  with  formation  of  alcohol  and  silicofluoride 
of  potassium.  It  has  not  been  obtained  sufficiently  pure  for  exact  analysis.  (R  e  i  n  s  c  h, 
J.  pr.  Chem.  zix.  614.) 

,  BT]>SATB  OF.    See  Alcohol  (i.  72). 

OF.  Ethylide  of  Hydrogen,  C«H«  »  C«H».H.— This 
compound,  which  is  isomeric  with  methyl,  was  originally  obtained  by  Frankland 
and  Kolbe  in  1848  (Chem.  Soc.  Qu.  J.  i.  60)  by  the  action  of  potassium  on  cyanide 
of  ethyl,  and  was  at  that  time  regarded  as  methyl  Afterwards,  in  1860  (Chem.  Soc. 
Qu.  J.  iii.  338),  Frankland  obtained  it  by  the  action  of  water  on  zinc-ethyl,  and 
showed  that  it  is  distinct  firom  the  true  methyl  (discovered  by  Kolbo  in  1849),  which 
is  obtained  by  the  electrolysis  of  acetic  acid,  and  by  the  action  of  zinc  on  iodide  of 
methyl 
Hydride  of  ethyl  is  produced :  1.  By  the  resolution  of  a  molecule  of  ethyl : 

C*H"     -     C«H«     +     C»H».H. 

Ethjl.  Ethylene.  Hydride  of 

ethyl. 

This  decomposition  takes  place  when  iodide  of  ethyl  is  heated  with  zinc  in  a  scaled 
tube,  also  when  it  is  decomposed  by  light  in  presence  of  mercury  (p.  626). — 2.  When 
iodide  of  ethyl  is  decomposed  by  zinc  in  presence  of  water  or  of  alcohol : 

2C^»I  +  Zn*  +  WO  =  2(C»H».H)  +  Zn^IK). 

The  formation  of  hydride  of  ethyl  by  the  action  of  potassium  on  cyanide  of  ethyl  (not 
quite  diy),  as  above  mentioned,  was  probably  due  to  both  these  modes  of  decom- 
position. 

Preparation. — ^When  equal  parts  of  water  and  iodide  of  ethyl  are  heated  with  zinc  in 
a  sealed  and  exhausted  glass  tube,  in  the  manner  described  on  page  624,  decomposition 
takes  place  at  a  lower  temperature  than  when  zinc  is  heated  with  iodide  of  ethyl  alone ; 
the  decomposition  is  complete  in  about  two  hours.  The  liquid  portion  of  the  contents 
of  the  tube  is  thick,  and  solidifies  on  cooling  to  a  white  amorphous  mass.  On  opening 
the  tube  under  water  containing  sulphide  of  potassium,  a  large  quantity  of  gas  escapes, 
which,  by  combustion  with  oxygen,  is  found  to  have  the  composition  of  hydride  of 
ethyl  C'k: 

This  gas  is  colourless,  nearly  insoluble  in  umtert  but  soluble  in  alcohol^  which  at 
8-8°  C,  and  under  a  pressure  of  665'6  mm.,  dissolves  1*22  of  its  own  volume  of  it. 
(See  Gasss,  Absobftion  of.)  Specific  gravity,  by  observation  1*076 ;  by  calculation  for 
a  condensation  to  2  vol  it  is  1*039.  It  has  at  first  a  faint  ethereal  smell,  but  becomes 
quite  inodorous  after  being  treated  with  alcohol  and  fuming  sulphuric  acid.  It  does 
not  liqueiy  at  — 18°  C,  or  even  under  a  pressure  of  20  atmospheres  at  +  3**.  Chlorine 
does  not  act  upon  it  in  the  dark ;  but  on  exposing  the  mixture  to  difilused  daylight, 
the  colour  of  the  chlorine  disappears  altogether.  2. vol  chlorine  with  1  vol  hydride  of 
ethyl  yield  2  vol  hydrochloric  acid,  together  with  an  oily  liquid  having  the  same  com- 
position per  cent,  as  Dutch  liquid.  This  reaction  distinguishes  hydride  of  ethyl  from 
methyl :  for  when  1  vol.  of  the  latter  is  mixed  with  2  vol  chlorine,  the  products  are 
2  vol  hydrochloric  acid  and  1  vol  of  a  gas  having  the  composition  CH*Cl 

MTHUA,  ZOBZBB  OF.     CH*I.    Hydriodic  or  lodhydric  Ether,    (Gay-Lussac 


[1816],  Ann.  Chim.  xcl  89.— Serullas,  Ann.  Ch.  Phys.  [2]  xxv.  323;  xlil  119.- 
kKopp,  J.  Pharm.  [3]  vi.  109.— R.  Marchand,  J.  pr.  Chem.xxxiiL  186.— Franl 
land,  Chem.  Soc  Qu.  J.  il  263;  iii.  322. — Gm.  viii.  359.) — This  compound  is  pro- 


duced: 1.  By  rJisHHing  absolute  alcohol  with  hydriodic  acid  containing  free  iodine. — 
2.  By  the  action  of  iodine  and  phosphorus  on  alcohol : 

6(C»H».H.O)  +  P  +  P  =  6C«H»I  +  PHK)«  +  H«0. 

The  phosphoric  acid,  at  the  moment  of  its  production,  acts  on  a  sixth  molecule  of  al- 
cohol, in  such  a  manner  as  to  form  ethyl-phosphoric  acid,  C*H».H*.PO*. 

Preparation. — The  second  reaction  is  almost  invariably  used  for  the  preparation  of 
iodide  of  ethyl.  The  iodine  and  phosphorus  are  either  added  to  the  alcohol  in  altor- 
nate  small  portions,  or  the  alcohol  is  poured  upon  the  whole  of  one  of  these  substances, 
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u)d  the  otlior  is  then  idtled  by  small  portioaft.  Frankland  ponrs  35  pU.  abtalute 
alcohol  on  7pt8.  phospbonis  in  a  vessel  surrounded  with  ice-cold  wuUr ;  then  adds  gra- 
dually 32  pis.  oi  iodiue ;  decant«  the  liquid  from  the  undi^isolTed  portion,  and  distiU 
it  ortT  tho  water-bath ;  waisbf9  the  distillate,  and  mixc4  it  with  more  iodine,  till  it  ex- 
Kibtts  a  fiiint  colour ;  then  dries  it  OTer  chloride  of  CHkdmn  ;  and  rectlfins  it  rt*peat^lj 
oTer  a  mixture  of  chloride  of  csalcinm,  mercury,  and  oxide  of  lead,  to  ftett  it  from  the 
remaining  water*  and  i&om  iodine  and  hydiiodic  acid.  Lantemftnn  (Ann.  Ch. 
Pharm.  odii.  241)  prooecda  in  a  similar  manner,  pouring  10  pta.  ahdolnt^  or  9d  per 
cent  aleohol  on  on  equal  weight  of  iodine,  and  veiy  gradually  adding  1  pi,  of  pboa- 
phorua.  Hofmann  (Cbem,  Soe.  Qi*-  J.  xiii,  B9\  to  avoid  the  explosiire  action  whidi 
t>ikes  plaee,  even  when  the  phoFpborna  ia  Tcry  gradnaUr  added  to  the  mix  tore  of 
iodine  and  alcohol,  occasioning  loas  of  materttdj,  and  sometimes  dangerouft  combuslion, 
infroduces  the  pho«phorQ&  together  with  abont  one-ftrarth  of  the  alcohol  to  be  used, 
into  a  retort  connectMl  with  an  efficient  cooler^  and  having  insert^  into  its  tnbaliia  a 
ght<<«  globe  provided  with  tube  and  stopcock.  The  rest  of  the  alcohol  is  then  poured 
upon  the  iodine,  and  the  solution  tlius  obtained  is  poured  into  the  gliss  globe; 
the  retort  is  heated  by  a  f«nd*  or  water-bAth  till  the  pboifcphoruft  melts;  and 
the  alcoholic  jjolution  of  iodine  is  then  suffered  to  flow  gradoally  into  iL  Iodide 
of  ethyl  is  thus  produced  and  distils  over,  together  with  aleohol.  The  rest  of  the 
iodine  is  then  dissolved  in  the  distillate^  in  which  it  dissolves  much  more  ^^y  than 
in  pure  alcohol,  and  the  concentralo<l  solution  of  iodine  thus  obtained  is  poured  back 
into  the  retort,  where  it  is  immediately  converted  into  iodido  of  ethyL  In  preparing 
large  ouantities  of  iodide  of  ethyl  by  this  method^  it  is  found  more  advantageous  to 
poor  the  whole  of  the  alcohol  at  once  on  the  phosphorus  in  the  retort,  then  dissolve 
the  iodine  in  previously  prepared  iodide  of  ethyi  in  which  it  Li  ezti^emelj  soluble,  and 
allow  this  solution  to  flow  gradually  from  the  globe  into  the  retort.  Good  proportions 
art  1000  grms*  io^line,  700  grms.  alcohol  of  specific  gravity  0-84*  and  50  grms,  * 
pborasi.  The  iodido  of  ethyl  distil*  over  at  once  perfectly  oolourlcas,  and  reqi 
only  to  be  washed  with  water  to  free  it  from  traces  of  alcohoL  The  product  amc 
to  96  or  98  per  cent,  of  the  theoretical  quantity.  It  is  remarkable  that  none  of  the 
proportions  of  the  materials  recommendod  for  the  actual  prepsjration  agree  with  those 
required  hy  the  equation  above  given,  the  theoretical  quantities  heiog  about  S  pts, 
alcohol  to  iO  pts.  iodine  and  1  pt.  phosphorus.  In  Bofmann's  prooeo^  t£e  qiiantity  of 
phosphorus  used  is  only  ^  of  the  alcohoL 

De  Vrlj  (.L  Pharm.  [3]  xxxi.  169)  dispenses  with  the  nse  of  phosphoTua  alto- 
gether; he  saturates  absolute  alcohol  with  hydrochloric  acid  gaa  in  a  vessel  sur- 
rounded with  a  freeing  mixture ;  then,  having  determined  the  proportion  of  hydra- 
chloric  acid  in  the  liquid,  adds  this  liquid  to  pulverised  iodide  of  potassium  contained 
in  a  tubulated  retort,  in  quantity  jujst  suMcient  to  convert  the  whole  of  the  iodido 
into  chloride  of  potassium*  The  liqutd  contatning  the  iodide  of  ethyl  thus  prodnc«d 
is  difltilled  off  next  day,  then  washf^d  and  rectified. 

Priyptrties. — Iodide  of  ethyl  is  a  colourless  liquitj,  having  a  strong,  peculiar  ctherwd 
odour.  Specific  gravity  1J>206  at  23^  C.  (Gay-Lussac),  1-97546  at  O*'  (Pierre), 
1-9464  at  le*'  (P>anklftnd),  It  boils  at  70^  (Pierre),  with  the  barometer  at  751 
mm. ;  at  722^  (Frankland),  barometer  at  746*5  mm.  Vapour- density,  by  experimeot 
«  6"475  (Oay-LnssacX  by  cjilculation  (2  vol.)  =■  d'405.  It  is  but  slightly  soluble 
in  water,  but  mixes  readily  with  alcohol  and  ether. 

DfeompfyMtitm, — I.  Iodide  of  ethyl  is  but  slifjhtly  inflammable;  when  dropped  on 
red-hot  coals,  it  gives  off  violet  vapours  without  talking  fir«. — 2.  When  ita  vapour  is 
pnss^  through  a  porcelain  tube  heated  to  dull  redness,  hydrogen,  ethylene,  an<!  iodide 
of  ethylene  aro  obtained,  and  sometimes  iodine  is  set  free  (£.  Kopp) ; 

2C^H*I  -  Cai*P  +  CTI«  +  H'. 

3v  When  exposed  to  li<fht,  ft  turns  rod  or  brown,  from  sepamtion  of  the  iodine  and 
©thrl,  the  decomposition  taking  placo  slowly  in  diffused  daylight,  quickly  in  sunshine 
If  the  iodine  be  removed  by  mercury,  the  compjund  is  at  length  completely  di-com- 
posed,  yield itijr*  in  sunshine,  ethyl  and  iodide  of  mercury,  the  former  being  partly 
resolved  into  ethylene  and  hydride  of  ethyl.  In  diffused  lights  the  chief  product  of  the 
decomposition  is  iodide  of  mercnrcthyl,  C'H*Hg*L — 4.  Chlorine  converts  iodido 
of  ethyl  into  chloride,  separating  the  io^line  if  the  action  is  rapid,  but  forming  chloriJe 
of  iodine  if  it  is  slower, — o.  Strong  nttric  acid  also  separates  iodine  frt>m  iodide  of 
etliyl-  Strong  aiilphuHc  acid  blackens  it — 6.  Aqueous  potagk  acts  upon  it  but  slowly. 
— ^7-  When  the  vapour  is  passed  over  hot  s&da4ime^  pure  ethylene  is  set  fre«v  M*<1  iodid* 
of  sodium  is  formed  (Dumas  and  St  as)  t 

2C'H*I  +  Na'O  =  2C»H*  +  2NaI  ^  WO, 
8.  M€t4d9  decompoB*  iodide  of  ethyl  under  the  influence  of  light  or  heal,  with  Ttrions 
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degrees  of  fiicUity ;  generally  speaking,  the  metal  unites,  partly  with  the  iodine,  partly 
with  the  ethyl ;  sometimes,  however,  the  or^ano-metallic  componnd  thos  formed  acts 
iiirther  on  the  metallic  iodide^  or  on  the  undecomposed  iodide  of  ethyl,  giving  rise  to 
new  products. 

The  reactions  with  sine  and  sine-ethyl  have  been  already  described  (pp.  524,  632}, 
SocUum-ethyl  acts  in  the  same  manner  as  zinc-ethjl,  without  the  aid  of  neat,  evolving 
a  pure  mixture  of  ethylene  and  hydride  of  ethyl  (Frank Ian  d) : 

C«H»Na    +    C*H»I    -   Nal    +    C»H*    +    C«H«. 

Iodide  of  ethyl  enclosed  in  a  sealed  tube,  with  thin  strips  of  tin-foil^  and  heated  to 
180^  C,  or  exposed  to  the  sun's  rays  concentrated  by  a  lens  or  mirror,  is  partly  de- 
composed, yielding  ethyl  and  iodide  of  tin,  while  the  rest  unites  with  the  metal,  form- 
ing i&dide  of  stannethyl  (C*H»)»Sn''P  (Frankland,  Chem.  Soc  Qu,  J.  vi.  67). 
According  to  Cahours  (Ann.  Ch.  Phys.  [3]  Iviii.  6),  iodide  of  tristannet  hyl, 
Sn"(CH*)*,  is  formed  at  tiie  same  time.  When  an  alloy  of  tin  and  sodium  is  used, 
several  other  stannides  of  ethyl  are  likewise  produced  (Lowig,  J.  pr.  Chem.  Ixxv.  386 ; 
Jahresber.  d.  Chem.  1862,  p.  677).  Arsenide  of  sodium  or  of  potassium,  heated 
with  iodide  of  ethyl,  yields  the  compounds  As(C*H*)«,  AsfC«H»)',  and  As(C»H»)*I ; 
antimonf/  or  antimoniae  of  sodium  yields  stibtriethyl  Sb(C*H*)*.  Arsenide  of  einc 
or  arsetude  ofcadmivm^  heated  with  iodide  of  ethyl  in  scaled  tubes,  yields  a  compound 
of  iodide  of  sine  or  cadmium  with  iodide  of  te  tre  thylarsonium,  As(C'H*)*I.ZnI  or 
As(C^*)^I.CdI.  Phospkids  of  zinc  yields  a  similar  compound,  containing  phosphorus 
in  place  of  arsenic.  Plumbide  of  sodium  yields  Pb'(C'H^,  together  with  several 
other  compounds  (Lowig) ;  bismuthide  of  sodium  forms  Bi(C'H^)'. 

Aluminium^  heated  with  iodide  of  ethyl,  yields  a  fuming  liquid,  which  boils  at  340^- 
860°  C,  and  exhibits  the  composition  A1«(C»H»)»I»  or  A1»I'.A1«(C«H»)».  This  iodide 
deeompoees  explosively  in  contact  with  water,  forming  alumina,  hydriodic  acid,  and 
hydride  of  ethyl ;  in  an  atmosphere  of  chlorine  or  oxygen  it  takes  fire.  Zinc-ethyl 
acts  strongly  on  it,  producing  iodide  of  zinc,  and  a  very  inflammable  liquid,  which  has 
not  been  obtained  pure,  but  appears  to  have  the  composition  of  aluminium- ethyl. 
A1«(C«H»)».     (Cahoura) 

Similar  results  have  been  obtained  by  Hallwachs  and  Schafarik  (Ann.  Ch. 
Pharm.  cxix.  206). 

Glucinum  reacts  with  iodide  of  ethyl  like  aluminium,  and  appears  to  form  similar 
products.    (Cahoura) 

Magnesium^  in  the  form  of  filings,  acts  spontaneously  and  with  rise  of  temperature 
on  iodide  of  ethyl.  If  the  tube,  after  cooling,  be  sealed,  and  then  heated  for  some 
hours  to  120^ — 130^  C,  a  white  mass  is  formed  which,  when  distilled,  yields  magne- 
sium-ethyl mixed  with  iodide  of  ethyl.  The  magnesium-ethyl,  separated  by 
firactional  distillation,  is  a  colourless,  alliaceous,  spontaneously  inflammable  liquid^ 
which  decomposes  water  with  violence.  (Cahours,  loc.  cit.;  see  also  Hallwachs 
and  Schafarik,  loc.  cit.) 

^  Pulverised  vanadium  acts  slowly  on  iodide  of  ethyl  at  180°  C,  forming  a  deep  red 
liquid.    (Hallwachs  and  Schafarik.) 

The  action  of  mercury  on  iodide  of  ethyl  has  been  already  described  (pp.  524,  626). 

9.  When  pulverised  white  precipitate  (NH'Hg*)Cl,  triturated  with  water,  is  heated 
with  iodide  of  ethyl  for  several  days  at  the  temperature  of  the  water-bath,  no  gas  is 
evolved,  but  gold-yellow  crystals  are  formed,  consisting  of  a  compound  of  mercuric 
iodide  with  iodide  of  tetrethylammoniam  and  iodide  of  mercurotetrethyl- 
ammonium;  these  crystals  are  surrounded  by  a  dark  brown  liquid  containing  com- 
pounds of  mercuric  iodide  with  the  iodides  of  ethylammonium,  diethylammo- 
nium,  and  triethylammonium,  and  on  this  there  floats  a  nearly  colourless  aqueous 
solution  containing  mercuric  chloride,  sal-ammoniac,  and  a  crystallisable  compound  of 
mercuric  chloride  and  chloride  of  ethylamm  onium: 

6NH»HgHn  +    14C«H*I  «   [N(C*H*)*I.N(C»H'»Hg)I.7HgIl  +   [NH(C»H»)»I.2IIgI] 
+  [NJIXC«H«)«I.HgI]  +  [NH»(C«H»)CLHgCl]  +  NH*C1  +  3HC1. 

(Sonnenschein,  Ann.  Ch.  Pharm.  ci.  20.) 

10.  Iodide  of  ethyl  dissolved  in  alcohol  is  decomposed  by  most  silver-salts^  in  the 
same  manner  as  the  iodides  of  the  alkali-metals,  iodide  of  silver  being  precipitated, 
and  the  solution  containing  the  ethyl-salt  of  the  acid  previously  united  with  the  silver. 
A  similar  decomposition  kikes  place,  and  with  greater  facility,  when  a  silver-salt  is 
heated  with  dry  iodide  of  ethyl  in  a  sealed  tube.  This  is  a  very  convenient  way  of 
preparing  many  compound  ethers :  thus  orthophosj^hatc,  pyrophosphate^  sulphate,  sul" 
phidr,  cyanide,  and  sulphocyanate  of  silver,  heated  in  sealed  tubes  with  iodiao  of  ethyl, 
yield  the  corresponding  ethyl-ethers.  According  to  Gossmann  (Ann.  Ch.  Pharm.  ci. 
218)  tungstate  of  silver  and  iodide  of  ethyl,  enclosed  together  in  a  sealed  tube,  act  u[k)ii 
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eui^i  other  strongly  at  ordinary  t'  '      ^.  eTolring  gn«t  heat,  forming  iocHdo  of 

mlver  and  o&ido  of  ethyi^  nnd  9  logstic  aaliydride.     According  to  H.  B. 

Nn«on  (Ann.  Ch.  Pharm.  cIt.  T-U  ,  ....  ^^f  pthyl  act*  in  a  preci«<»ljr  simdar  mannor. 
but  with  rarlous  degreps  of  facility »  on  vholyf^JdU^  arsmitf,  arsrnaU^  antimonate^ 
stiinnatt^  borate,,  and  tfiluraU  of  ^ilrcr.  With  nontml  or  acid  chroinaU  of  silrer,  it 
yivld«  a  small  quantity  of  aldehyde. 

The  cjt/anidf3  of  potasfium  and  barium,  hnt^  with  iodide  of  ethyl  in  sealed  tnlMi, 
yield  an  ioflide  of  the  metal  and  cyanide  of  ethyl ;  ci/anidt  of  xino  does  not  appear  to 
act  upm  it  at  140^—160'^  C.  Ct^anid^  of  m^eurr/  and  iodide  of  oibTl  dawmpose 
each  other  tQ  a  slight  extent,  eren  when  their  alcoholic  solutions  are  aimply  mixed  and 
eTupnratied ;  111  sealed  tubes  at  120^  C.  the  deoompoaition  is  more  eomplete.  The 
Tnefallic  suipkoc^nates^  heated  with  iodide  of  ethyl  in  sealed  tubes  to  100° — 160^,  yield 
Bulpliocysiniite  of  ethyl  j  tuipkoajfanaie  of  mtrcurtf  proiluees  &  more  complicatoil  re- 
action, the  products  of  which  have  not  been  euiniined.  The  acrtalcs  of  poiassiKm^ 
lnj/ium^  lead,  mrrcurtf,  and  siitfCTt  heated  to  200'^  C.  with  iodide  of-ethyl  in  sc^ed  tubes,, 
ield  meiallic  iodide  and  acebite  of  ethyL  With  the  formates,  the  deeotnpotfition  is 
[t;6s  easy ;  but  it  is  facilitated  by  the  presence  of  a  certain  quantity  of  alcoboL  The 
oxalates  are  decomposed  in  like  manner,  but  the  resulting  oxalate  of  ethyl  is  decom- 
pofled  at  the  high  temperature  of  the  reaction,  yielding  carbonic  oxide  and  earbonie 
auhydriilr,  whidi  burst  the  tubes  when  they  are  opened,  with  a  loud  detonation, 
(Schlagdenhauffen*  Ann-  Ch.  Pharm*  criL'  234  ;  c«.  25«.) 

11.  A  mixture  of  2  ptjj.  iodide  of  ethyl  and  1  pt  '  '  *  "  "  .  shaken  up  in 
a  corked  flusk  with  sodium-amalffam^  yields,  as  pr  t  liquid  hairing 
the  compnsition  of  triFmlphioio  of  allyl  (C^Ii  , .  .  ^^^t,  .^  ^v^xv*  Uas  a  specifie 
gravity  of  TO  12  at  15'^  C, ;  bitils  at  188^  C. ;  is  insoluble  in  water ;  mixes  in  all  propor- 
tions with  alcohol*  ether,  and  disulphide  of  carbon ;  is  decomposed  with  violence  by 
fuminf?  nitnc  acid,  chlorine*  bromine,  and  hypochlorite  of  calcium  ;  is  not  decomposed 
by  fl^nlium,  ptusb,  aik:iUne  sulphides,  or  mercuric  oxide,  but  yields  with  alcohoUe 
mercuric  chloride,  a  white  precipitate  haring  the  comjxjjjition  12HgCl.  (C*H*)'S*. 

12.  Iodide  of  ethyl,  heated  with  alcoholic  ammonia  in  such  a  manner  that  the 
Tolatili&ed  portions  may  condense  and  run  back  again,  yields  a  mixture  of  the  iodides 
of  ammoniumj  and  of  ethyl-,  diethyl-,  trietbyl-,  and  tetieth^l-ammontum  (Wells i en, 
Ann.  Ch.  Pharm,  Ixxxd,  202).  With  triet^lamine  it  solidifies  to  a  crjr^talline  mass 
of  iodide  of  tetretbylammonium  ;  and  with  tnamines  in  general  it  forms  the  iodide  of  an 
ammonium  containing  ethyl,  in  addition  to  the  rsdides  of  the  triamine,  (Hofmann.) 

Jniill*»  irZTBZIiZlS  01*4    See  ETOixaicmsa, 

Bm&,  OICX9E  or*  C*H<«0  =  qi^^I^'  ^^*  EU^Uo  €tAer,  Vinie  Hhtr; 
formerly  called  SulphuHc  ether,  Phosphoric  tiher,  flee.,  aceording  to  tha  aidd  used  In  its 
preparation.   (Gm.  viii.  17* — ^Gerh*  ii.  270.^Kekui^,  Lchrh,  dtr  org,  Ch^^ie^p.  100.) 

Valerius  Cord  ins,  in  1540.  first  de«cril^  the  preparation  of  ether,  which  he 
called  Oleum  vttrioli  didct.  Frobenius,  who  first  called  it  ethfr,  again  directed  atten- 
tion to  it  in  1730.  Afterwards  the  etlier  prepared  by  the  action  of  sulphuric  acid 
upon  alcohol  was  called  tulphuric  ttker ;  but  Valentin  Hose  (Scher.  J*  it,  253) 
showed  that  it  does  not  contain  aulphur  Fourcroy  suggested  that  ether  is  alcohol 
deprived  of  a  certain  portion  of  oxygen  and  hydrogen ;  a  so^^estion  which  wis  oon- 
lirmecl,  so  fur  as  rcganis  the  i>ercentage  oomposition,  by  the  analyses  made  bySanssure 
iind  by  Dumas  and  Boullay  (Ann.  Ch.  Phys.  xxxri.  204). — ^Boullay  discorercd 
the  preparation  of  ether  by  phosphoric  acid  (Ann*  Chim.  Ixil  192),  and  by  arsenic 
Hcid  {ibid.  Ixxviii.  284) ;  ho  likewise  first  practised  the  prepu-ation  of  ether  by  the 
coatinnouj?  process  (J.  Pharm,  i,  97), — Desfossoa  prepared  it  with  fluoride  of  boron 
(Ann.  Ch.  Phys,  [2]  xri.  72) ;  Massou  with  chloride  of  zinc;  Kuhlmann  with  tetra- 
chloride of  tin.  and  other  metallic  chlorides.  The  constitution  of  ether  was  further 
b-Hidied  by  Licbig  (Ann.  Ch.  Pharm.  ix.  1 :  xxx.  138).— Malaguti  (Ann  Ch.  Phys. 
[2]  Ixx.  338;  [3]  xri  6^  and  Begnault  {ibid,  [2J  Ixxi.  352),  iuTestigBted  the  pro- 
ducts of  its  decomposition  bj  chlonne.  Graham  m  1850  (Chcm.  So<l  Qu,  J,  iii.  24) 
made  some  important  experiments  on  the  formation  of  ether  by  the  action  of  aci<is  and 
salts  on  alcohol  under  pressure;  and  Williamson  in  the  same  and  the  following  year 
(Phil.  Mag,  [3]  xxxrii.  350;  Chem,  Soc,  Qu.  J.  it.  lOfl)  established  the  views  Sf  the 
con»titutioii  nnd  formation  of  ether  now  universally  adopted.  Lastly,  Keynoio  in 
1856  published  an  elalwrnte  series  of  iuTestigations  on  the  etherification  of  alcohol  by 
acids,  suits,  $ci\  (Ann.  Ch.  Phys.  [3]  xlviii.  38o.) 

Formation. — 1.  By  the  action  of  iodide  (bromide  or  chloride)  of  ethyl  on  ethylata 
of  potassium  or  sodinm,    (WilliamsoiJ,) 


I 


I 


C^H* 

Na 


O    +   C*H^I  ^  Nal    + 


C*H^ 

C*H 


;jo. 
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2.  By  heating  a  mixture  of  alcohol  and  strong  sulphuric  acid  to  a  temperature  be- 
tween 140°  and  160^  C.  (about  280^  to  300<5  F.).  The  formation  of  ether  here  takes 
place  by  two  stages ;  the  first  consisting  in  the  formation  of  ethylsulphuric  acid  and 
water: 

HjS0..C.H.J0.Cm|jS0..H|0; 

Sulphuric        Alcohol.  EthyU 

acid.  sulphuric  acid. 

the  second  in  the  productioR  of  ether,  and  reproduction  of  sulphuric  acid,  by  the 
mutual  action  of  ethylsulphuric  acid  and  another  molecule  of  alcohol : 

The  sulphuric  acid  being  thus  reproduced  in  its  original  state,  is  ready  to  etherify 
fresh  quantities  of  alcohol,  so  that^  if  the  supply  of  alcohol  is  made  continuous,  the 
process  goes  on  without  interruption.  The  water  formed  in  the  first  stage  of  the  reaction 
does  not,  however,  distil  over  quite  so  fast  as  it  is  formed,  and  consequently  the 
sulphuric  acid  becomes  continually  more  dilute,  and  at  last  too  weak  to  etherify  the 
alcohol. 

The  action  of  phosphoric  and  of  arsenic  acid  is  similar  to  that  of  sulphuric  acid. 

The  formation  of  ether  by  the  action  of  these  and  other  dehydrating  substances  was 
formerly  attributed  to  the  simple  abstraction  of  water,  ether  being  represented  by  the 
formula  (Ml^O,  and  alcohol  by  C^IPO*  or  C*IPO.HO;  but  the  manner  in  which  the 
reaction  takes  place,  and  its  relation  to  other  reactions  in  which  ethylic  ether  or 
analogous  products  are  formed,  clearly  show  that  this  is  not  the  right  view  of  it.  In 
thejirat  place,  during  the  whole  of  the  distillation,  ether  and  water  go  off  together,  the 
quantity  of  water  thus  evolved  being  nearly  equal  to  the  whole  of  that  which,  accord- 
ing to  the  old  view  of  the  reaction,  should  be  separated  from  the  alcohol  and  taken  up 
by  the  sulphuric  acid.  Secondly^  ethyl-sulphunc  acid  is  always  formed  on  heating 
together  alcohol  and  sulphuric  acid ;  and  ethyl-sulphuric  acid,  heated  with  alcohol, 
does  actually  give  off  ether.  Thirdly^  if,  in  the  first  mode  of  formation,  the  ethylate 
of  potassium  be  mixed  with  iodide  of  methyl  or  amyl  instead  of  iodide  of  ethyl,  the 

product  is  an  intermediate  ether,  nsus  ( 0  or  rug^n  [  0 ;  or  if,  in  the  second,  a  stream  of 

ethylic  alcohol  be  made  to  flow  into  a  heated  mixture  of  sulphuric  acid  and  amylic 

alcohol, ethyl-amylic  ether,  ni^xi  \  ^t  distils  over,  and  ethyl-sulphuric  acid  remains  in 

the  vessel.    These  reactions  are  precisely  analogous  to  those  by  which  oxide  of  ethyl 

Q2TTS    ) 

is  produced,  and  show  that  this  compound  differs  from  the  double  ethers,  nson  [  0, 

for  example,  only  in  containing  2  at.  ethyl  instead  of  1  at.  ethyl  and  1  at  amyL 
Fourthly^  the  vapour-densities  of  alcohol  and  ether  show  that  a  given  volume  of  ether 
in  the  state  of  vapour  contains  twice  as  much  ethyl  as  the  same  volume  of  alcohol- 
vapour,  and  therefore,  according  to  the  general  law  of  vapour-volumes,  the  molecule 
of  ether  must  be  (C*H*)*0,  if  that  of  alcohol  is  CH*.H.O.  Fifthly,  if  the  simple  and 
double  ethers  are  represented  by  corresponding  (2-volume)  formulae,  their  formulae 
constitute  an  ascending  series,  corresponding  very  nearly  with  their  differences  of  boil- 
ing point ;  thus : 

Boiling  point. 

MethyUc  ether  C»H«0  »      CH«.CIP.O        .        .        .     -    21°  C. 

Methyl-ethylic  ether    C»H»0  -      "  " 

EthyUc  ether  C*H'*0  = 

Methyl-amylic  ether   C^«*0  « 

Ethvl-tetrylic  ether     C«H"0  - 

Ethyl-amyUc  ether      C'H'«0  - 

Tctrylic  ether  C«H«0  « 

Amylic  ether  C"H«0  = 

If  the  simple  ethers  are  represented  by  one- volume  formulae,  and  the  double  ethers 
by  two-volume  formulae,  this  gradation  no  longer  exists.  Sixthly,  when  bromide  of 
ethyl  is  heated  with  an  alcoholic  solution  of  potash,  the  products  formed  are  bromide 
of  potassium  and  ether.  Now,  if  the  ether  wore  C*IPO,  the  reaction  must  take  place 
according  to  the  equation  :  OIPBr  +  KO  =  C^IPO  +  KBr,  the  alcohol  acting  merely 
as  a  solvent ;  whereas  if  ether  is  {C*IPyO*  or  (C*H*)*0,  the  alcohol  must  take  part  in 
the  reaction,  in  the  manner  shown  by  the  equation : 


cmcip.o 

.  -  21^ 

CH».C«H*.0    . 

.  -1-  11 

C«H».C»H*.0 

.  +  34 

CH».C»H"0 

.  +  92 

C«H*.C*H».0 

.  +  80 

C«H\C*H".0 

.   +  112 

C^H».C«H».0 

.   +  104 

C*H".C»H".0 

.  +  176 

OB'Br.     ""Tol  -  ^'-   ^%0.\ 
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Now  Bertbelot  found  (Ann.  Ch.  Phann.  xdi.  131)  that  22  grms.  af  bromidr  of  j 
dhjl  thus  treated  yi folded  12  gnnii»  of  ether,  the  theoretiiail  quantity  being  7*6  accord-^ 
log  t©  the  first  atipposition,  and  16  according  to  the  second.  Hence,  allowing  Ibp  un- 
avoidable losa  in  rectifying  the  prodiict^  the  result  may  be  taJcen  as  a  proof  that  the 
alcohol  iVBcts  in  the  miuiner  shown  by  t!i«  sec*>nd  of  the  aborc  eqnationa,  and  that  the 
mnlocule  of  ether  contains  2  at.  ethjL  (St^e  the  articlea  Alcohol,  i.  76 ;  and  Cukmicai. 
Affixitt^  i  867.) 

Ethi^r  is  also  produced  by  the  following  reactions:  — 

3,  By  the  action  of  iodid*  (bromide  or  chloride)  of  ethyl  on  dry  oxida  of  ailTer : 

2C^*I  +  Ag»0  «  2AgI  +  {Cm^fO. 

Other  (ethyl-salts'- the  nitrate  for  example — act  in  a  similar  manner, 

4.  By  heating  alcohol  with  bromide  or  iodide  of  ethyl  to  200°  C.     (Keynoso.) 

C^^Br  +  C7H*.H.O  =  HBr  ^  (C^H*)H). 

6.  By  heating  bromide  or  iodide  of  ethyl  with  water  to  150*^—200°  C.  (Frank- 
land,  Beynoio).     In  this  case,  alcohol  ia  first  formed,  according  to  the  equation : 

C*H>Br  +  HK>  =  HBr  +  C'H»,H.O ; 

and  thii  alcohol,  acting  on  the  exeeaa  of  iodide  or  bromide  of  ethyl,  forms  ether,  as  < 
in  4. 

6.  B^  heating  alcohol  to  200°— 240^  C.  with  hydrochloric,  hydrobromic,  or  hydri- 
odie  acid.  Chloride^  bromide,  or  iodide  of  ethyl  is  then  formed,  whidi  ncia  upon  the 
remaining  &h:ohol  as  in  4,  conrerting  it  into  ether. 

7.  The  same  action  is  exerted  by  metallic  chlorides,  when  distilled  with  alcohol,  or 
hotter,  when  heated  with  it  in  sealed  tubes,  e.  g.  by  chloride  of  zinc,  tetrachloride  of 
tin,  the  chlorides  of  manganesOt  cobalt,  nickel^  and  cadmium,  ferroujB  chloride,  mercuria 
chloride,  &c  (Beyno80«)  Even  chloride  of  calcium  and  chloride  of  strontiutn 
coDTert  alcohol  into  ether,  when  heated  with  it  to  300°  C.  (Berthelot,  Ann,  Ch. 
Phann.  bucxiiL  104.) 

The  etherifyin^  actions  of  iodide  of  mercury  (Reynoso),  of  fluoride  of  boron,  and 
of  fluoride  of  silicium,  bdongto  the  some  category. 

8.  Many  sulphates  also  convert  alcohol  into  ether  when  healed  with  it  to  200° — 
230*  C.|  ethTlflulphuric  acid  being  first  formed,  and  then  producing  ether  with  the 
rest  of  the  alcohol ;  etheriiication  is  thus  effected  by  the  aulpiuites  of  xnagnosluin^  ainc, 
and  ca<lmium,  by  ferrous,  cobaltous,  and  uranic  sulphate,  also  by  sulphate  of  aluminiun), 
common  alum,  ammonia*,  iron-,  and  chromo-alum.     (Reynoso.) 

Preparatitm^^-^ihisT  is  always  prepared  by  heating  a  mixture  of  Alcohol  and  sul- 
phuric acid.  The  best  mode  of  conducting  the  operation  is  that  introdnced  by 
BouHiiy,  in  which  the  alcohol  is  supplied  in  a  constant  strciiTn  and  the  formation  of  ether 
gociB  on  uiiintemiptedly  (p.  537).  A  mixture  of  6  pts.  alcohol  of  90%,  and  9  pts.  strong 
sulphuric  acid  is  introduced,  after  cooling,  into  a  wide- mouthed  flask  closed  with  a  cork 
having  three  apertures,  through  one  of  which  there  passes  a  bent  tube  proceeding  frnm 
a  leserfoir  of  alcohol,  and  terminating  in  a  narrow  mouth  below  the  surface  of  the  hquid 
in  the  fiask ;  the  reservoir  is  provided  with  a  stop -cock  to  regulate  the  flow  of  spirit, 
Through  the  second  aperture  is  inserted  another  bent  tube,  terminating  just  below  the 
cork,  and  passing  to  a  Licbig's  condenser  or  a  worm-tub  connected  with  a  receiver. 
The  third  aperture  is  for  the  insertion  of  a  themiometer.  The  flask  is  boated  in  a 
sand-bath,  and  as  soon  as  it  begins  to  boil,  the  tdcobol  from  the  reservoir  is  allowed  t£> 
flow  in,  the  stream  being  regulated  so  as  to  keep  the  temperature  of  the  liquid  at  about 
140°  0.(284^F.) ;  below  this  temperature,  the  distillate  consists  chiefly  of  alcohol,  and 
at  higher  temperatures  lar^e  quantities  of  oletiant  gas  arc  evolved.  The  process  mar 
be  continued  till  the  quantity  of  alcohol  run  in  amounts  to  about  six  times  that  whieli 
was  originally  mixed  with  tho  sulphuric  acid^  making  in  all  35  pts,  alcohol  t^  9  pta. 
acid,  Aftei*  tliin  the  sulphuric  acid  becomeA  too  dilute  to  ethorify  the  alcohol  effec- 
tually. The  iilcohol  which  remains  mixed  with  the  sulphuric  acid  at  the  end  of  tho 
process,  may  be  recovered  by  mixing  the  liquid  with  water  and  distDlIng.  On  the  UrgG 
■cale,  a  still  of  cast-iron  lined  with  lead  is  genenilly  used ;  it  has,  however,  tlio  disad- 
vantage of  not  allowing  the  course  of  the  oiKjraUun  to  be  watched.  To  modenito  tho 
^eat  beat  evolved  on  mixing  Lirge  quantitieii  of  alcohol  and  sulphTiric  ucid,  the  mixture 
IS  made  in  a  metallic  vesfiei  surrounded  with  cold  water  or  ice,  and  the  snlphuric  acid 
is  poured  down  tlie  side,  so  that  it  may  form  a  layer  below  the  alcoht^l.  The  two 
liquid*  are  tlien  slowly  mixed  by  utliTing  with  a  wooden  spatula*  and  the  mixture 
when  sufficieatly  cool,  is  trdnf-fcrred  to  the  stilL  The  distillation  is  conducted  in  the 
manner  nlxjve  described. 

The  flrst  portiona  of  the  di.stiUate  5ep.amte  spontaneously  into  t^^o  lay  em,  the  upper 
consisting  of  ether,  mixed  with  comparatively  small  quuiititics  of  alcohol  and  wjtt*T, 
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the  lower  of  water,  containing  ether  and  alcohol  in  solution  ;  but  towards  the  latter  part 
of  the  distillation,  when  the  sidphuric  acid  has  become  weaker,  more  alcohol  passes 
oyer  unchanged,  and  the  separation  of  the  ether  no  longer  takes  place.  The  distillate 
also  contains  sulphurous  acid,  acetic  acid,  and  a  little  oil  of  wine.  To  purify  it,  the 
whole  of  the  distillate  is  introduced,  together  with  an  equal  volume  of  milk  of  Ume, 
into  a  large  separating  globe,  having  a  descending  tube  and  stopcock  like  a  tap-funnel; 
the  mixture  is  frequently  agitated,  and  then  left  to  itself  till  the  ether  has  risen  to  the 
top,  after  which  the  lime-solution  is  run  off  by  the  stopcock,  and  the  ether  which 
remains  is  rectified  over  a  water-bath.  Nearly  pure  ether,  amounting  to  one>third  of 
the  crude  ether  in  the  retort,  then  passes  over  first ;  afterwards  ether  containing  al« 
cohol ;  then  alcohol  containing  oil  of  wine ;  and  lastly  water. 

The  rectified  ether  still  retains  a  little  water  and  alcohol;  but  it  is  pure  enough  for 
most  purposes ;  it  should,  however,  be  quite  free  from  sulphurous  acid,  and  therefore 
shoula  not  redden  litmus  paper.  100  pts.  alcohol  containing  85  pts.  by  weight  of 
absolute  alcohol  (after  deducting  that  which  remains  in  the  flask)  yield,  in  a  well  con- 
ducted process,  69  or  60  pts.  by  weight  of  ether,  of  specific  gravity  6*726,  or  70%  of 
the  (absolute)  alcohol  used.  If  the  whole  of  the  alcohol  were  converted  into  ether, 
the  yield  would  be  80  per  cent. 

Soubeiran  (J.  Pharm.  [3]  xvi.  321)  describes  an  apparatus  for  the  preparation 
of  ether  on  the  large  scale,  oy  which  the  ether  is  at  once  obtained  in  the  rectified 
state,  the  first  condensing  vessels  being  kept  (as  in  the  more  recently  invented  appa- 
ratiis  for  the  distillation  of  brandy  )at  a  sufficiently  high  temperature  to  maintain  the 
pure  ether  in  the  state  of  vapour.  He  recommends  that  the  temperature  of  the  etheri- 
fying  mixture  be  kept  constantly  at  130°  C,  because  at  140°  a  gaseous  hydrocarbon  is 
constantly  produced.  An  apparatus  for  the  rectification  of  ether  has  also  been  de- 
scribed by  Hoyer  (Arch.  Pharm.  [2]  xiii.  140). 

The  ordinary  ether,  obtained  as  above,  may  be  completely  freed  firom  water  and 
alcohol,  and  converted  into  absoluteether,  either  by  placing  it  in  contact  with 
lumps  of  fused  chloride  of  calcium,  which  takes  up  the  water  and  alcohol,  and  separates 
from  the  ether  in  the  form  of  a  thick  heavy  liquid,  or  by  agitating  it  repeatedly  with 
2  pts.  of  water,  separating  the  upper  layer  of  liquid  by  a  pipette  or  tap-fimnel,  then 
leaving  it  for  some  time  in  contact  with  quick-lime  or  chloride  of  calcium,  and 
rectifying. 

Absolute  ether  should  fbrm  a  dear  mixture  in  all  proportions  with  oil  of  copaiba ; 
ether  containing  water  or  alcohol  forms  an  emulsion  with  considerable  quantities  of 
the  oiL     (Blanchet,  Ann.  Cb.  Pharm.  vii.  167.) 

Properties. — Pure  ether  is  a  colourless,  transparent^  very  mobile  liquid,  having  a 
peculiar  exhilarating  odour  and  sharp,  burning  taste,  with  cooling  after-taste.  It  is 
perfectly  neutral  to  vegetable  colours ;  refracts  light  strongly.  Specific  gravity  0-723 
at  12-6°  C.  Boiling  point  36*6°  C.  (96°  F.)  under  a  pressure  of  760  mm.  Vapour- 
density  2-686  (Gay-Lussac);  by  calculation  for  the  formula  (C*H*)*0,  representing 

a  condensation  to  2  volumes,  it  is  2*664  (  «    — ^ x  0-0693).  Cooled 

to  —  31°C.  it  crystallises  in  white  shining  laminae.  It  is  very  inflammable,  and  its 
vapour,  when  mixed  with  air,  detonates  with  great  violence  on  the  approach  of  a 
burning  body.  As  the  vapour  of  ether  has  a  considerable  tension  at  ordinary  tempe- 
ratures, and  consequently  diffuses  quickly  to  a  considerable  distance,  great  danger  is 
incurred  in  pouring  the  liquid  from  one  vessel  to  another,  in  the  neighbourhood  of  a 
gas-light  or  any  burning  body.  The  decantation  of  any  considerable  quantity  of  ether 
should  always  be  performed  in  a  room  where  there  are  no  lights  burning. 

Ether  mixes  in  all  proportions  with  alcohol^  tDood-spirit^  cUoroform^  aettoney  and 
many  other  liquids,  and  to  a  certain  extent  also  with  water.  When  ether  is  shaken  up 
with  water,  two  layers  are  formed,  the  upper  consisting  of  ether  containing  a  little 
water,  and  the  lower  of  water  which  has  dissolved  -^  of  ether.  Ether  dissolves  iodine 
and  bromine,  and  small  quantities  of  sulphur  and  phosphorus  ;  also  chloride  of  gold, 
chloride  of  iron,  mercuric  chloride,  and  mercuric  nitrate.  It  dissolves  with  facility 
most  organic  bodies  containing  a  large  proportion  of  hydrogen,  such  as  fats  and  rcsitis, 
which  are  but  sparingly  dissolved  by  alcohol,  whereas  it  acts  but  little  on  those  which 
are  easily  soluble  in  alcohol 

Ether  unites  directly  with  tetrachloride  of  tin,  forming  the  compound  2C*H"0.SnCl*, 
which  crystallises  in  shining  rhomboidal  plates,  volatile  without  decomposition,  dis- 
solving easily  in  excess  of  ether,  and  decomposing  in  contact  with  water. 

Decompositions. — 1.  By  Heat.  Ether-vapour,  passed  through  a  red-hot  tube,  yields 
nearly  the  same  products  as  alcohol,  viz.  olefiant  gas,  carbonic  oxide,  water,  aldehyde, 
fee. — 2.  By  Combustion.  When  ether  bums  rapidly  in  the  air  or  in  oxygen  gas,  it  is 
completely  converted  into  water  and  carbonic  anhydride;  but  when  ether-vapour 
mixed  with  air  eomes  in  contact  with  platinum-black,  slightly  heated  platinum-sponge. 
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or  other  bodies  he&t^  not  quite  to  r«dneeB,  it  tmdergoes  n  almtr  and  imperfect  com* 
biuitioo,  like  alcohol  under  similar  circumstances,  yielding  Tarioua  products  of  ox.idation, 
tIe.  aldehjde,  acetic  acid,  formic  add,  carbonic  acid,  water,  and  a  peculiar  volatile, 
puogcnt  BubataDce.  which  has  been  called  acetylottx,  aldthydic,  or  lampic  acid,  bat  haa 
Dot  b«cn  isolated:  it  is  probably  only  a  mLX^tui^  of  the  products  jimt  mentioued  {sea 
AcBTTLous  Acin,  I  36;  Aloohol,  l  74;  CoKBusnoN,  L  1093).  ]^er  exposed  to  the 
air  in  contact  with  potash  yields  a  small  quantity  of  acetate  of  potassimxL — 3*  Ether 
mixed  with  strong  tidpkuHc  acid  and  heated  to  120°  C.  doea  not  give  off  any  gas,  and 
if  water  be  then  added,  a  solution  is  formed  containiug  nothiug  but  «^thjl*suJphuric 
acid,  If^  on  the  other  hand,  the  heat  bo  raised  abore  12C  C.  the  liquid  begins  lo  boil 
at  130^,  and  at  150^  gives  off  sidphnrous  anhydride;  at  ISO'^  it  is  in  ftill  ebnllitioa, 
gives  off  oil  of  wine  impit^gDaled  with  sulphurous  add,  and  blackens  considerably;  the 
i^sidue  contains  isethionic  and  ethionic  adds. — 4.  Ether  is  decomposed  by  heated 
niirie  aeidt  yielding  carbonic  anhydride^  aceftio  add,  and  oxalic  add, — 5.  Chloric 
and  bromic  ctti^jt  Likewi^f  oxii.lise  it  rapidly,  acetic  add  being  formed,  and  chlorine  or 
bromine  cTolred. — 6,  With  h^fdrochloric  add  gas  it  forms  chloride  of  ethyL— 7.  Dry 
eiU^ritM  passed  into  anhydrous  ether,  forms  three  substitution  products,  C*H*C1K>, 
C*H*CI*0,  and  C*C1'*0,  besides  aldehyde,  chloral,  chloride  of  ethyl,  and  hydrochloric 
add.  If  water  is  present,  acetic  acid  and  other  products  of  oxidation  are  formed,-^ 
8,  Bromine  appears  to  act  upon  ether  like  chlorine.  The  red  solution  of  bromino  in  ether 
becomes  colouriess  after  a  few  days,  with  formation  of  h^drobromic  add,  bromid*?  of 
ethyl,  bromal,  and  other  products,  forming  together  a  mixture  analogous  to  heuvy  hy* 
drochlonc  ether  (p.  632).  With  chloride  ofhrominr^  ether  yields  by drochlonc  add 
and  an  oiganic  compoond  rich  in  bronune. — 9.  Iodine  acts  but  slightly  upon  ether. 
Chloridt  of  iodine  ^nna  hydrochloric  acid,  the  iodine  dissolving  in  the  ether. — 
10.  PhMpkorut  converts  ether  into  several  phosphorised  adds,  which  have  not  been 
accurately  studied.~-ll.  Pi^iastium  and  sodium  slowly  decompose  ether,  climimit' 
ing  hydnigen  (Thenar d.)  [Was  the  ether  qnite  free  from  water  and  alcohol?] — 
12.  When  ether-vapour  is  passed  over  heated poto^rA-  or  sodn-time^  hydrogen  aadmarsh-^ 
gas  are  given  oS,  and  an  alkaline  carbonate  is  formed.  —  13.  Ether  decomposes  many 
mtiaUic  chlorides^  abstracting  the  chlorine,  and  yielding  products  which  are  probably 
the  same  as  those  produced  by  the  action  of  free  chlorine  on  ether.  Se^pdtMortd*  of 
iron  is  decolorised  and  pcdueet,!  to  protochloride,  with  formation  of  hydrochloric  add  ; 
cHpric  chiorid€  to  cuprous  chloride ;  mcrcuriti  ehloride  to  mercorous  ehknide,  which  is 
precipitated ;  from  chloride  ofgold^  in  sunshine,  metallic  gold  is  dcpoeited. 


CsLOBiK^tKn  Axn  SuLPtmnBTTED  Desivatives  op  Ethtlic  Ennm. 

Anhydrous  ether  treated  with  chlonne  jields  three  mibstitution-productp^  containing 
1,  2,  and  4  ut.  chlorine  in  place  of  hydrogen,  according  to  i\\^  manner  and  duration  of 
the  action.  These  compounds  have  been  investigated  chiolly  by  Kegaault  \KixX\. 
€h,  Phys.  [2]  Ixxi.  392),  Malaguti  {iUd.  [2]  Ixx.  338;  [3]  xvi.  5  and  19);  and 
Lieben  (Ann.  Ch*  Pharm.  cxd.  121). 

Monochlorethyiie  Ether,    G*HKn*0  «  ^.g^^M  O,— This  compound,  originally 

called  chlorHheral,  was  discovered  in  1837  by  D^Arcet  (Ann.  Ch,  Pharm.  xxviii  82), 
who  obt^incHl  it  by  the  action  of  chbrine  on  ole6ant  gas.  Begnault,  however,  6ug> 
seated'  that  its  production  was  due  to  the  presence  of  ether-vapour  in  the  gas;  and 
Lieben  has  since  shown  that  the  same  compound  is  the  chief  product  of  the  action 
of  chlorine  on  ether  at  torn perat  urea  not  exceeding  20^ — 30^C,  It  is  a  very  mxibilc, 
limpid,  colourless  liquid,  having  a  swwt,  ethereal  odour,  and  boiling  l»ctwocu  14U'-'  and 
147"^.  Vapour-density  «  4*93.  Water  decomposer  it,  yielding  a  substance  which 
appears  to  be  isomeric  with  aldehyde  or  acetate  of  etliyL  With  potash  it  yields  al- 
cohol and  acetic  acid : 

C*H"CI'0  +  SKHO  -  C'H*0  4-  CH'KO*  +  2KCI  +  H*0. 

Dichloreth^lie  Ether,  C^WCi^O  -  ^^'ci' S ^' "" ^*®*^^*'^  ^^  Malaguti  in 
1839.  Produced  when  pure  ether  is  saturated  with  chlorine  in  diffktsed  daylight,  the 
liquid  being  cooled  at  first,  and  afterwards  heated  to  lOO'^  C.  A  largo  quantity  of 
hydrochloric  add  is  formed  b  the  reaction,  togt^therwith  chloride  of  ethyl  and  chloral; 
the  hyrlrochloric  acid,  acting  on  the  ether,  forms  chloride  of  ethyl  and  water,  and  the 
dilorine,  in  presence  of  the  water,  exerts  an  oxidising  action^  rL«ulting  in  the  formation 
of  chloral 

Dichlorpthylic  ether  is  a  Hmpid  liquid,  of  spedfic  gravity  1'5008»  having  su  odour 
liko  that  of  fenneh     It  is  decomposed  by  heat,  even  below  its  boiling  poiuti  with  evo- 
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lation  of  hydrochloric  ftcid.  It  is  slowly  decomposed  by  water  and  by  aqueous  potash, 
quickly  by  alcoholic  potash,  yielding  chloride  and  acetate  of  potassium : 

C*H«C1*0  +  6KH0  =  2C?IPK0«  +  4KCL  +  3H«0. 

Potassium  decomposes  it  at  a  gentle  heat,  forming  a  chloride  of  potassium,  and 
eliminating  a  gas,  which  bums  with  a  green  flame.  Chlarine,  in  simshine,  converts 
dichlorethylic  into  perchlorethylic  ether. 

Sidphydric  acid  decomposes  dichlorethylic  ether,  with  evolution  of  hydrochloric  add 
and  formation  of  an  oily  liquid,  which  solidifies  in  a  few  days  to  a  soft  crystalline  mass, 
separable  by  crystallisation  from  boiling  alcohol  into  the  two  following  compounds  con- 
taming  respectively  1  and  2  at  sulphur  in  place  of  2  and  4  at.  chlorine  : 

Sulphethylic  Ether,  C*H*S«0  (Malaguti's  ither  sulfur e\  crystaUises  out  first  in 
prismatic  needles,  having  a  faint  odour  like  that  of  chloride  of  sulphur,  melting  between 
120°  and  123^  C,  insoluble  in  water,  but  soluble  in  alcohol  and  ether;  decomposed  by 
alcoholic  potash,  yielding  sulphide  and  acetate  of  potassium. 

Chlorosulphethylic  Ether,  C^H^CPSO  (Malaguti's  ither  chlorosvlfuri),  crys- 
tallises from  the  mother-liquor  of  the  preceding,  in  unctuous  fetid  scales,  melting 
between  70°  and  72°  C,  insoluble  in  water,  soluble  in  alcohol  and  ether.  Alcoholic 
potash  converts  it  into  sulphide,  chloride,  and  acetate  of  potassium. 

These  sulphuretted  compounds,  as  weU  as  the  di&hlonnated  ether  from  which  they 
are  formed,  may  be  regarded  as  intermediate  in  composition  between  ethylic  ether  and 
acetic  anhydride,  and  as  derived  from  the  latter  by  the  substitution  of  chlorine  or 
sulphur  for  an  equivalent  quantity  of  oxygen  in  the  acetyl : 

Btbylie  Dichlorethjlic  Chlorosulph-  Sulphethylic  Ac<>tic  an- 

ether.  ether.  ethjUc  ether.  ether.  hydride. 

C«HM^  C«H»C1«>^  C«H'C1«(^  C»H»S(^  C'tt'O^^ 

All  these  compounds,  when  treated  with  potash,  yield  acetate  of  potassium. 
Perchlorethylic  Ether,  C*C1"0  =  ^qJ J  0.— Discovered  by  Eegnault  in  1830. 

Produced  by  the  prolonged  action  of  chlorine  on  ether,  in  sunshine.  In  preparing  this 
and  the  other  chlorinat^  derivatives  of  ether,  it  is  advisable  not  to  cool  the  liquid  too 
much  at  the  beginning,  so  as  to  allow  the  hydrochloric  ether,  which  is  produced  in  large 
quantity,  to  escape ;  otherwise  the  reaction  is  apt  to  become  very  complicated,  and  to 
yield  especially  largo  quantities  of  peichlorinated  chloride  of  ethyl  or  trichloride  of 
carbon  (p.  532). 

Perchlorethylic  ether  crystallises  in  dimetric  octahedrons,  differing  but  little  from 
regular  octahedrons.  Length  of  principal  axis  =  0*952.  P  :  P  in  the  lateral  edges  » 
106°  46'.  Terminal  summits  truncated  by  the  face  oP.  Cleavage  parallel  to  oP 
(Nicklis,  Ann.  Ch.  Phys.  [3]  xxii.  28).  Specific  gravity  =  1*9  at  U'6°  C.  (Mala- 
guti).  Melts  at  69°  C.  (Regnault),  and  boils  at  about  300°,  being  resolved  at  the 
same  time  into  trichloride  of  carbon  and  chloride  of  trichloracetyl,  C*C1'"0  =.  C*C1*  + 

Sulphuric  acid  acts  slowly  on  perchlorethylic  ether  at  210°  C,  emitting  vapours,  which 
when  condensed  in  water,  form  a  solution  of  trichloracetic,  sulphuric,  and  hydrochloric 
aeids  (Malaguti).     The  decomposition  is  probably  as  follows  :  — 
Perchlorethylic  Perchlorethylic 

ether.  acetate. 

^'^^*|o    +    H^so*   -    aci>o|^       +    2Ha   +  so\ 


c»cr 

Perchlorethylic  Trichlor»cetic 

acetAte.  acid^ 

ch:;i 

0*01*0 


jo      +       2H^0     -    2[C^g'^j  O]     +     2H0L 


Potassium  acts  violently  on  perdhlorethylic  ether,  but  only  near  the  temperature  at 
which  spontaneous  decomposition  begins  (Malaguti).  The  ether  is  attacked  by  al- 
coholic potash,  but  the  reaction  appears  to  be  complicated  by  the  presence  of  the 
alcohoL     (Kegnault) 

An  alcoholic  solution  of  protosulphidc  of  potassium  converts  perchlorethylic  ether 
into  chloroxethose  (i.  924) : 

0*a'»0    -f    2K«S    =    0^01*0    +    4KCI    +   S«, 

and  this  compound,  when  subjected  to  the  action  of  chlorine,  is  reconverted  into  per- 
chlorethylic ether.     (Malaguti.) 

Perchlorohromethylic  Ether,  0*Orar<0,  Bromide  of  Chloroxethose.  ^ Oh- 
tained  by  exposing  chloroxethose  to  the  action  of  bromine  in  euushino  (Malaguti). 
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Ci7«tttlliBfe  in  oct^ihedrons,  isomorphoua  with  thow  of  porebloretbylic  etli*(r(KickU», 
loe,  at).  Colourless,  modorous,  JSpeeific  graTitj  ■=-  2*6  ut  IS*'  C,  Melta  st  S6<*,  and 
18  resolTed  at  the  same  time  into  bromine  and  cbloroxethose.  The  same  decompositioa 
takea  plaee  under  the  influenee  of  snlphidca.     (M  a  I  n  g  u  1 1 ) 

Thi*  ocmmonnd  and  the  pre(?e<ling  exhibit  towards  cthylic  ether  and  acetic  anhy- 
dride, rdatioTia  siniilar  %q  those  proviously  noticed  with  respect  to  dichlorethylic  ethep 
and  its  svilpharetted  deriviitiveB ;  th.us : 


Ethyllc 

cr'H 


:!<• 


Dichlorethyllc 
<<ther. 

C*H»Cl» 
C«H»C1» 


i» 


PerchlorctHjUc 
ether » 


ferchloro- 
broraethylic  ether, 

CH}1'J 


Acetic 
miihrdrltto. 


The  intereet  of  these  relations  h  inerea»od  by  the  facility  with  which  perehlofethTlic 
©thor  is  converted  into  compounds  of  the  acetic  acid  senes,  e.g.  chloride  of  trichlor* 
acetyl  and  trichloracetic  acid. 

Double  Ethers  con tam ing  Ethyl :  Ethylatis, 

BthtlatbofAxtl.   C^H'^O  =*  qj^,,  j  0.— See  Amti^  Ohdb  of  (L  205), 

ETKTrATB  OF  CiTTL.     C»»H*0  =  ^,2_«|  0 — See  Cettl,  Oxidb  of  (i  842). 

Ethtlatb  of  BsifXTLBira.  C"H"0»=L,jpAJ 0*.— SeeBBNtTiJtmc  Etkebs 
(i,  678), 

ETHTLATBiOFETKTLBHB.   /  Qsgiy  [  ^*  *°^  (  CH*)' '  t  ^^' — ^®  ETSn^Kiai,  OxiDS 

OF  (p.  679y 

EtbtlatbopMethtl,   C»n«0  ^  g^'  { O.     Mdhylaie  of  Ethyl ;  Ethylmethylk, 

Methytethylic,  or  Fin  am  ft  hylic  Eth^ :  Vin(ynikhylide.  (Williamson  [1850]»  Phil. 
Mag  [3]  xixvii,  360;  Chem,  Soc.  Qn.  X  iv,  lMp'229.— Chance  1,  Compt,  rend.  xxxi. 
152*) — Produced:  1.  By  the  action  of  Iodide  of  methyl  on  ethylate  of  sodiiuU)  or  of 
iodide  of  ethyl  on  met  hy late  of  sodium : 

CH«.Na.O   +  C^*I  -  C^H^CmO    h  NaL 

The  BACO&d  proceaa  is  to  be  preferred*  because  the  pi'odue!t  is  more  easily  purified  by 
rectification  thBH  in  the  first  The  apparatus  should  be  arrduginl  so  that  the  distillate 
may  const-nntly  flow  back  int^  the  retort  till  the  di^^umpogition  is  finished ;  the  doable 
ether  nxay  then  be  distilled  off  from  the  fixed  product*  (Will iamson),^ — 2.  By  thu 
action  of  methyeulphate  on  ethylate  of  pot4ii»siimi  (Chancel): 

Cm\K.O  +  SO<,CH',K  «-  K-SO*  +  C^H».CH».0. 

It  is  a  tratisparent,  colourless,  very  mobile  liquid,  boiling  at  11^  C.  Vapotip-den- 
irity  =  2*158,  eorrespondiog  \^ith  a  condensiitioa  to  2  vol  (Williamson).  Thf 
Tapour  has  a  peculiar  ethereal  odour,  and  is  highly  inflammable.     (Chancel.) 

Ethtlatb  OF  OcTTU    C'«H«0  =  ^'2*J 0.  Elhyl-ociylwethtr.   (Wills,  Cbem. 

Soc,  Qu.  J.  vi.  SI 2.) — Produced  by  the  action  of  octylate  of  sodium  on  iodide  of  ethyl 
It  is  a  colourlees  mobile  liquid,  baring  a  specific  graVity  of  0791  at  16*^0,,  and  boiling 
at  177^.  Yapour-density  by  obs^ration  «  5 '095 ;  by  catcnladon  irom  the  preceding 
formula  (2  toL)  *=  6*47. 

Wilb  regarda  this  compound  as  tthyhhrpiylic  tther,  C»H=«0  =  C'H*.C^' *0.  The  ra- 
pour-dennity,  4'99,  deduced  ^m  this  formula,  certainly  agrees  better  with  the  observed 
density  than  that  deduced  from  the  formula  C^H'^O  j  and  so  likewise  doc^  the  aiiiUysis, 
which  gives  75  16  per  cent  carbon  and  14-44  hydrogen,  the  formula  CH**0  requiring 
76  00  C.  and  13-88  H.,  whereaa  C'«H«0  requires  75-95  C,  and  1392  H  But  the  ex- 
periments of  Boujs  and  others  tend  to  show  that  castor-oil  alcohol,  from  which  this 
compound  is  derived,  contains  8  rather  than  7  at  carbon.  (See  Ai^coHOLa,  i  98  ;  also 
OcTYtic  Alcohol.) 

EthylatbofPotabsiuic  C*H*K0.  Pottusm  m^alcohol. — Prod  uced  by  treating 
absolute  alcohol  with  potassium ;  1  at  hydrogen  is  then  given  off  and  Its  place  supplied 
by  potassium.  The  ethylate  of  potassium  separates  from  the  saturated  liquid  in 
colourless  crystals,  which,  if  protected  from  moisture  and  carbonic  acid,  roay  be  pre- 
served without  alteration.  Water  coavertj*  the  compound  into  alcohol  and  hydrate  of 
potassium.    Its  othi^r  reactions  are  similar  to  those  of  ^e  following  compound. 
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Ethtlatb  op  Sodium.  C*H*XaO.  Sodium-alcohol, — Prodaoed  like  the  potaa- 
siam-compound. — Crystallises  in  broad  laminse.  This  compound,  and  the  preceding^ 
exhibit  precisely  similar  reactions,  and  both  form  very  conyonient  reagents  for  the 
preparation  of  a  great  number  of  organic  bodies,  serying  to  introduce  ethyl  by  substi- 
tution into  many  compounds.  Ethylate  of  sodium  is,  however,  generally  preferred  to 
the  potassium-compound,  because  sodium  is  cheaper  than  potassium,  and  acts  less 
Tiolcntly  upon  alconoL 

Ethylate  of  sodium,  treated  with  the  iodide^  bromide,  or  chloride  of  an  alcohol- 
radicle,  forms  iodide,  bromide,  or  chloride  of  sodium,  and  an  ether  containing  one  or 
two  alcohol-radicles,  according  t6  the  particular  rea^nt  used  (WilliamBon,loo.a^.). 
With  nitrate  of  ethyl  it  acts  m  like  manner,  yielding  ethylic  ether,  and  nitrate  of 
sodium ;  but  with  the  ethers  of  organic  acids,  a  different  reaction  takes  place.  With 
acetate  of  ethyl  it  forms  a  yery  insoluble  compound,  which  absorbs  water  greedily  from 
the  air,  yielcUng  alcohol  and  acetate  of  sodium : 

C«H»NaO  +  C«HK).C«H».0  +H«0  =  2CH-0  +  C«H«NaO«. 

Bensoate  and  oxalate  of  ethyl  act  upon  it  in  a  somewhat  similar  manner  (Bei  1- 
stein,  Ann.  Ch.  Fharm.  cxii.  121). — Carbonic  anhydride  passed  into  a  solution  of 
cthylato  of  sodium  forms  awhite  precipitate  of  ethyl-carbonate  of  sodium  (Beilstein, 
loc»  cit.). —  Carbonic  oxide  does  not  act  on  ethylate  of  sodium  (Wanklyn,  Ann.  Ch. 
Pharm.  ex.  Ill)  unless  a  trace  of  moisture  is  present ;  in  which  case  a  smaU  quantity 
of  formic  acid  is  produced  by  the  action  of  the  carbonic  oxide  on  hydrate  of  sodium. 
(Geuther,  ibid,  cix.  73;  Lieben,  ibid.  cxiL  326.) 

Cyanate  of  ethyl^  heated  in  a  sealed  tube  with  ethylate  of  sodium,  generally  yields 
triethylamine;  sometimes,  however,  the  greater  part  of  the  cyanate  is  converted 
into  cyanurate,  which  acts  on  the  ethylate  of  sodium  in  the  manner  explained  on 
page  293,  yielding  hydrate  of  carbotriethyltriamine.  (Hofmann,  Proe.  Boy. 
Soc  xi  282.) 

With  iodoform^  ethylate  of  sodium  yields  iodide  of  methylene  and  a  body  having  the 
composition  of  aldehyde : 

C«H«NaO  +  CHP  «  CH«P  +  C«H*0  +  Nal. 

With  iodine,  it  yields  iodide  of  sodium,  formate  of  sodium,  and  iodoform ;  which 
last  compound  acts  upon  it  in  the  manner  just  mentioned.  Chloroform  converts 
ethylate  of  sodium  into  chloride  of  sodium,  and  a  body  having  the  composition  C'H'H)* : 

3C»H»NaO  +  CHC1«  -  3NaCl  +  C'H'W. 

(Kay,  Chem.  Soc  Qu.  J.  vii.  224.)  —  Wurtz  (Compt  rend,  xliii.  478)  suggests  that 
this  compound  may  be  the  triethylic  ether  of  a  tnatomic  alcohol  homologous  with 


glycerin;  C'n"0«  =  j^^>^j.J0«. 


With  monochloracetic  acid,  ethylate  of  sodium  yields  the  sodium-salt  of  ethylox- 
aceticacid  (an  acid  isomeric  with  ethylglycollic  acid),  together  with  alcohol  and 
cMoride  of  sodium : 

2C«H*NaO  +  C«H«aO«  »  C^H'NaO"  +  C«H«0  +  NaCL 

Ethylate  of         Chloracetic     Bthjl^xaceUte       AIcohoL 
•odium.  acid.  of  sodium. 

(Heintz,  Pogg.  Ann.  cix.  301 ;  Jahrcsber.  d.  Chem.  1869,  p.  360.  —  See  Oxacbho 
Acid.) 

With  nitrobenzene,  ethylate  of  sodium  (and  likewise  alcoholic  potash^  yields 
azobf'nzeno,  azoxy  benzene,  phenylamine,  oxalic  acid,  and  other  products  (Be  champ 
and  Saint-Pierre,  Compt.  rend.  xlviL  24.) 

EthylatbofTbtbtl.      (yi3}^  '^  ^^^^\o,  EthylaU  of  Butyl,   EthyUtetrylie 

or  Ethyl-hutylic  ether.  fWurtz,  Ann.  Ch.  Phys.  [3]  xlil  129.)— Produced  by  the 
action  of  iodide  of  ethyl  on  tetrylato  of  potassium,  C*H*KO.  Colourless,  mobile^ 
fragrant  liquid,  of  specific  gravity  0-751,  boiling  between  78^  and  80®  C. 

BTBTZh  PBOBPBZBBS  of.    See  Phosphobus-basbs. 

\  OF.    See  Plvxbbthtls. 


BTBTXh  saXAWRTBSATa  OF.     CH'Se  »  ^^jse.    Sdenium-^nercaptan. 

(Wohler  and  Siemens,  Ann.  Ch.  Pharm.  Ixi.  360.) — This  compound  is  obtained  by 
Hutnrating  aaueous  potash  with  selenhydric  acid  gas  in  an  apparatus  filled  witn 
hydrogen,  and  distilling  the  resulting  solution  of  selcnide  of  hydrogen  and  potassium 
with  concentrated  ethylsulphate  of  potassium,  the  air  being  as  much  as  possible  ex- 
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dmled.    Spleahjdric  acid  gns  U  fltst  giren  off,  and  oft^rwArds  water  paa»e§  orcr, 
together  with  &  heary,  yellow,  intolerably  stinking  liquid.     This  liquid,  iiileir  beij  "' 
8e()arut«d  from  the  watery  distillate,  is  placed  in  contact  with  chloride  of  calcin 
and  distilled  into  a  fresh  receiver,  whereupon  seleninm-mercaptaD  paadea  over 
and  afterwards  selenide  of  ethyl. 

Seleniuin-mcrcupliin  is  a  thin,  traosparent,  colourless  Hquid,  hearier  than  waifTf^ 
and  insoluble  therein,  bat  soluble  in  alc'oAof,     It  boils  considerably  above  IfN)'^  C,  and 
haB  an  extremeJy  repulsive  odour,  resembling  that  of  the  cacodyl-compounds. 

It  bums  with  a  bright  blue  €ame»  giving  off  thick  white  and  red  vapours  of 
adenious  acid  and  selenium.  The  Taponr  passed  through  a  tube  heated  to  low  redncA^i 
is  decomposed,  with  separation  of  aelenium.  A  mixtiu^  of  Belenium-mercaptan  and 
ch!&ratt  of  potassium  takes  tre  and  explodeo  on  the  addition  of  hydrochlonc  acid. 
Sclenium-merciiptiin  appears  not  to  be  completely  oxidised  by  chlorine  or  nitric  acid^ 
When  passed  in  the  state  of  vapour  over  rod-hot  copp^  wire,  it  is  completely  decora*"! 
posed,  forming  crystalline  selenide  of  copper,  emitting  an  odour  like  that  of  benzene, ; 
and  depositing  a  small  quantity  of  charcoal. 

In  contact  with  mercuric  oxide^  it  becomes  heated,  makes  a  hissing  noiaef  and  forma 
a  yellow,  easily  fusible  substancei,  which  dissolves  in  hot  alcohol,  and  separates  from  itfm 
in  an  amotphous  condition  on  cooling.     The  alcoholic  solution  of  aeleniam<mereapt4 
also  forms  a  thick  yellow  precipitate  witb  iJiereunp  cMoridt. 

MTwnru,  ssitisims  or,  or  S£I.lnr£Ta^X.       C*H'"Se    =    (C^*)^SeJ 
Silenhydric  or  Hydroseknic  ether,     (Lowig,   Pogg,  Ann.   xxxvii.   662;    Ckf-mie  der^ 
organischfn   Ver^ndungtn,  Aufl.  %  iL  432.  —Joy,  Ann.  Ck  Pbann.  IxxxvL  ^6. — 
Gm.  viii.  366.) 

Finely  powdered  selenide  of  potassium  mixed  to  the  consistence  of  a  tbick  paste,  . 
with  piire  oxalic  ether,  then  gently  heated  in  a  retort  for  some  heura,  and  alterwanl#1 
distilled,  yields  a  liquid  which  smells  and  tastes  like  sulpliide  of  ethyl,  and  when  selfc^l 
on  fire  bums  with  an  odour  of  horse-radish,  and  deposits  selenium.  (Lowiir-) — Joy  J 
obtains  the  compound  by  distilling  selenide  of  potassium  with  aqueous  ethyhmlphate  1 
of  calcium.  It  appears  also  to  be  produced  in  small  quuttity,  in  the  prcpamtion  ofl 
selenium^mercapt^ui.     (Siemens,  Ann.  Ch.  Fharm.  Ixi.  360.) 

Selenetbyl  is  a  dear,  pide-yellow  liquid,  having  a  t!io«t  instifferable  odour ;  it  \b 
much  heavier  than  water,  and  does  not  mix  with  it  When  set  on  fire,  it  bums  con- 
tinuously, emitting  red  vapours  of  selenium, 

Selenethyl  is  an  orgauic  h&siA  forming  definite  salts  with  acids.  Kitric  acidj 
converts  it  into  a  nitrate,  from  which  the  chloride,  bromide,  and  iodide  may  be  obtained  ' 
by  double  decompositioD.     (J  o  y. ) 

Bromide  of  Srlenetkyi,  seporutes  in  the  form  of  a  lemon-yellow  oil,  beaTicr 
than  water,  when  a  solution  of  the  nitrate  is  mixed  with  hydrobromic  acid.  It  disaolvea 
readily  in  ammonia,  and  forma  nu  oxy bromide.     (Joy.) 

Chloride  &f  SeUntihyL  C^H'  "SeCL —The  solution  of  selenid  e  of  ethyl  in  nit  ritf  J 
acid  mixed  witb  hydrochloric  acid  becomes  milk-white,  and  immediately  afterwardsj 
deposits  drops  of  an  oily  body  which  is  the  chloride  of  selenethyl.  It  is  a  tran^pareflH 
light  yellow  liquid  which  sinks  in  water ;  when  quite  pure,  it  appears  to  be  inodorous,^ 
It  is  somewhat  soluble  in  wuter  and  more  so  in  hydrochloric  acidt  which  circomstancs 
renders  some  care  necessary  in  preparing  it. 

On  leaving  it  for  a  considerable  time  in  contact  with  the  liquid  containing  hydro- 
chloric and  nitric  add,  in  which  it  has  been  productd,  a  number  of  wcll-detined  Izan 
pjirent  and  colourless  crj'stals  are  formed  at  the  sepiirating  surface  of  the  two  liquid 
Theiie  crystals  dissolve  readily  in  waiter  and  alcohol,  and  separate  unchanged  on  erapi 
mtioa     The  aqueous  ^lution  is  acid,  and  forms  with  ammonia  a  crystalline  mass,  from  J 
which  the  ammonia  is  separated  by  potash.     Sulphurous  acid  added  to  it  separatn  ' 
selenethyl    The  crystals  give  by  analysis  13 '7  per  cent  carbon,  4*3  hydrogen,  and 
20*06  cluorine :  therefore  1  at  chlorine  to  2  at,  carbon. 

Iodide  of  Seient'thyl,  C*H"*SeI,  is  obtained  on  adding  hydriodic  acid  to  a  solution j 
of  the  chloride  or  nitrate,  as  a  bliick  liquid,  having  a  stimi-niftaUic  lustre,  sinking^ 
in  water.     It  is  inodorous,  does  not  solidify  at  0'^  C;  difsolves  only  in  ammonia. 

Ifiiraie  of  Setenciht/l  is  formed  by  dissolving  Fulen ethyl  in  hot,  modenktely 
strong  nitric  acid,  the  actk»n  bebg  attended  with  evolution  of  nitric  oxide  gas. 

Oxychloridi  of  Selenethyl  OW^^'^Cm  =  ^^^^^X07  Chloride  of  selen- 
ethyl dissolves  readily  in  ammonia,  forming  chloride  of  Hnimoniura  and  oxycliloride  of 
selenethyL  The  latter  may  be  extracted  by  absolute  alcohol,  and  crystallises  in  highly 
lustrous,  colourless  cubes,  gi^nenvlly  grouped  in  stellate  raasaes.  Hydrocliloric  acid 
added  to  the  aqueous  solution  throws  down  the  oily  chloride  of  selenethyl;  and 
sulphurous  acid  throws  down  a  fetid  mixture  of  selenethyl  and  the  chloridOr     (Joy.) 
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I  OF.    See  Stanmbthtls. 

BTBTZiv  BUXPBZBBB  OF.  Three  sulphides  of  ethyl  are  known,  viz.  the 
proto-,  di-,  and  tri-sulphide.    They  are  oily  liquids  having  a  pungent  alliaceous  odour. 

Frotosnlpbide  of  BtliyL  (C'H')'S.  Suipht/dric  or  Hydrosulphuric  ether,  (Do- 
bereiner,  Schw.  J.  IxL  377. — Regnault,  Ann.  Ch.  Ph^.  [2]  bud.  387. — Loir, 
Compt  rend,  xxvi  196. — Hiche,  Ann.  Ch.  Phys.  [3]  xliii  297.) — This  compound, 
the  analogue  of  common  ether,  is  produced  by  the  action  of  protosuiphide  of  potassium 
on'ethylsulphate  of  potassium,  chloride  of  ethyl,  and  other  ethyl-compounds;  also, 
according  to  Dobereiner,  by  dissolving  protosuiphide  of  iron  in  a  mixture  of  strong 
hydrochloric  acid  and  alcohol. 

Preparation, — An  alcoholic  solution  of  potash  is  divided  into  two  equal  parts :  one 
port  is  saturated  with  sulphydric  acid  gas,  and  then  mixed  with  the  other ;  the  liquid 
18  introduced  into  a  tubulated  retort ;  vapour  of  hydrochloric  ether  is  passed  through 
it  to  saturation ;  and  heat  is  then  gradually  applied,  the  stream  of  hydrochloric 
ether  vapour  being  still  kept  up.  From  the  distillate,  which  contains  alcohol  as  well 
as  sulphide  of  ethyl,  the  sulphide  of  ethvl  is  precipitated  by  water ;  it  is  then  purified 
by  washing  with  water,  dehydrated  by  chloride  of  calcium,  and  rectified  (Keen au It). 
Baudrimont  (Compt.  rend.  liv.  616)  distils  sulphide  of  potassium  with  iodide  of 
ethyL    Lowig  distila  sulphide  of  potassium  with  ethylsulphate  of  barium. 

Properties. — Sulphide  of  ethyl  is  a  colourless  oily  liquid  having  a  very  pungent, 
disagreeable,  alliaceous  odour.  Specific  gravity  »  0*826  at  20^  C.  Boiling  point 
73^  C.  Vapouivdensity  3*00  (Kegnault) ;  calculated  (2  vol)  «-3'12.  It  is  insoluble 
in  tpaier,  but  soluble  in  alcohol. 

It  is  very  inflammable  and  bums  in  the  air  with  a  blue  flame.  When  poured  into 
ehhrine  gas,  it  takes  flre  spontaneously.  Nitric  acid  oxidises  it  readily,  converting 
it  partly  into  ethyl-sulphurous  acid  (SO)''.CH*.H.O*.  It  is  not  decomposed  by  boiling 
with  potash-lev,  but  on  distilling  it  over  hydrate  of  potassium  sulphide  of  potassium 
is  formed,  and  alcohol  passes  over,  together  with  undecomposed  sulphide  of  ethyl, 
(C«H»)«S  +  2KH0  «  K«S  +  2(C«H».H.O).  It  is  not  altered  by  mercuric  oxide,  but 
forms  a  yellow  precipitate  with  acetate  of  lead. 

Compounds  of  Ethylie  Sulphide  with  Metallic  Chlorides. 

Mercury-compound.  (C«H*)*S.2HgCL,  or  (C*H»)«S.Hg"Cl«.— By  agitating  aqueous 
mercuric  chloride  with  sulphide  of  ethyl  or  its  alcohoUc  solution,  a  crystdlinc  com- 
pound is  obtained,  which  may  be  purified  by  recrystallisation  from  boiling  alcohol, 
and  obtained  in  distinct  crystals  by  solution  in  ether  or  wood-spirit  It  forms  mono- 
clinic  prisms,  in  which  ooP  :  ooP  =  103®  40' ;  ooP  :  oP  =  73°  10'.  It  is  heavier  than 
water ;  has  a  very  unpleasant  odour ;  becomes  opaque  and  givea  off  sulphide  of  ethyl 
on  exposure  to  the  air ;  melts  at  90°  C.  to  a  colourless  liquid,  which  solidifies  to  a 
crystalline  mass  on  cooling ;  and  decomposes  at  a  stronger  heat^  emitting  fetid  vapours. 
(Loir.) 

Platinum-compound  (CH*)*SPtCl'. — Obtained  like  the  preceding,  which  it  resembles 
in  most  of  its  properties.    Melts  at  108°  C. 

Chlorinated  Deriwitives  of  Ethylie  Sulphide, 

Sulphide  of  ethyl  takes  fire  when  poured  into  chlorine  gas ;  but  when  dry  chlorine 
is  passed  into  a  fiask  containing  sulphide  of  ethyl,  not  at  first  into  the  liquid,  the 
Teasel  being  kept  cool  and  in  the  shade,  substitution-products  are  formed,  the  chlorine 
quickly  disappears,  and  hydrochloric  acid  gas  is  abundantly  evolved ;  towards  the  end 
of  the  operation,  the  chlorine 'may  be  passed  directly  into  the  liquid.  With  about 
16  grammes  of  liquid,  the  operation  is  completed  in  diffused  daylight  in  about  four 
hours.     (Biche.) 

To  separate  the  products,  the  liouid  is  first  heated  to  70° — 80°  C,  while  a  stream 
of  carbonic  anhydride  is  passed  through  it,  whereby  chlorine  and  hydrochloric  acid 
are  expelled,  and  then  distilled.  It  begins  to  boil  at  160°  C,  the  greater  portion 
distils  over  between  163°  and  173°,  and  title  boiling  point  afterwards  rises  to  230° ;  but 
the  liquid  then  be^ns  to  decompose,  giving  off  hydrochloric  acid  and  leaving  a  carbon- 
aceous residue  (Riche).    The  only  definite  compound  obtained  from  it  is: 

Dichlorethylic  Sulphide.  (C*B['C1*)*S. — This  compound  forms  the  greater  part 
of  the  distillate,  passing  over  between  163°  and  173°,  and  may  be  purified  by  rectifi- 
cation. It  is  a  light-yellow  liquid  of  specific  gravity  1*547»  having  a  strong  unpleasant 
odour,  boiling  between  167° — 172°  C.  It  is  decomposed  by  hyiogen  and  by  proto- 
suiphide of  potassium,  with  formation  of  viscid  products.    (Biche.) 

Trichloreihylio  Sulphide,  (CHKIl')^.— If  the  chlorine  is  allowed  to  acton 
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the  salpbtde  of  etfajl  in  dlffUeed  dajUght  without  external  cooling,  a  liquid  ii  obuined, 
Uikckidh  at  drst,  b incoming  deep  yellow  afterwarda,  from  wlucli,  by  l&iLctionjil  dbtilLi- 
tioa»  this  and  tfae  foil  owing  compounds  ar^i  obtained. 

Trichloretbylic  Bulpbide  is  a  dark  yellow  oil,  boiling  between  189^  and  192"  C. 
(Rich«.) 

Titrachloret hylic  Sulphide.  (C*HCl*)^. — ^This  compwund,  previously  obtained 
by  Regnaalt^  passes  over  in  the  disdllatiou  between  217*^  and  222^  C.  It  may  be  ob* 
tained  in  larger  quantity  by  passing  chlorine  for  a  long  time,  and  in  large  excess,  orcr 
sulphide  of  ethyl,  heating  the  liquid  ultimately  to  between  60^  and  80°  G,  It  is  a 
yellow  liquid  of  intolerable  odour,  of  specific  gravity  1*673  at  24°  C,  boiling,  accord- 
ing to  Bqgnanlt^  at  about  160°  C.  with  partial  decomposition, 

Perchloreth^Hc  Sulphide,  (C*C1*)*8  (?)— By  the  action  of  chlorine  on  ethylic 
sulDhide  in  sunshine.  Trichloride  of  carbon  is  tnen  formed  and  a  liquid  obtained, 
which  is  probably  (C'*CP)'S;  but  it  has  not  been  analysed.     {Rio he,) 

SUulpliide  of  Stbyt.  C-^H*S,  or  C'H'^a.  7%i4iiol,  (Zeif  e,  Pojgg.  Ann.  TTti. 
37L— Pyr.  Morin,  ibid,  xlviii.  483. — Lowig,  ibid,  xxvii.  f>60, — Lowig  and  Weid- 
mann,  ibid.  xlix.  326.— Ca hours.  Ann.  Ch.  PKys.  [3]  xviii,  2(i8, — Muspratt*  Cheat 
8oc.  Qu.  J.  iii  19.) — Produced:  L  By  the  action  of  ethyl-sulphate  of  potassium  on 
disulphide  of  potojesium  in  concentmted  aqueous  solution  (Zeis e).  If  the  solution 
also  contains  trisulphide  of  potassium,  a  certain  qnantity  of  tristdphide  of  ethyl  ia 
formed  at  the  samr  tim«  ;  nevertheleaa  the  greater  part  of  tht^  triaulphide  of  potassium 
likewise  yiehha  disulphide  of  ethyl,  part  of  the  sulplmc  bemg  separated : 

2*  By  distilling  oxalate  of  ethyl  with  disulphide  of  potassinm.^3.  By  decomposing 

sulphosulphite  of  ethyl,  /n'iTT*lf  ts'  ^  piquet  of  the  imperfect  oxidation  of  mercap* 
tan  by  nitric  acid  (see  Sri.PHrfious  Ethsks),  with  potash  (Lowig  and  Weidmaon). 
—4.  By  the  dry  distillation  of  ethyi-sulphoearbonute  of  potassium.     (Zeise.) 

Prt'parntion, — 1.  A  mixture  of  1  pt  disulphide  and  2  pt^.  etliylsnlphste  of  pota 
sium  (or  3  pin.  ethylMulphata  of  potassium  and  2  pts.  onlinary  liver  of  utUphur)  la  dis^l 
tilled  in  a  retort  with  5  pt«.  water ;  more  water  is  aiided  when  the  residue  becomeif 
thick  ;  the  distillation  is  continued ;  and  this  treatment  is  repeated  tJiree  or  four  times, 
as  long  m  oil  continues  to  pass  over.  The  yellow  and  still  impure  disulphide  of  ethyl 
is  sepanited  from  the  water  which  has  passed  over  with  it,  shaken  up  s*»veral  times 
with  hiiic:e  quantities  of  fn\«*h  water,  and  ^Iried  for  several  days  over  chloride  of  cal- 
cium. Of  this  oil,  which  is  contaminated  with  a  more  fixed  oil  (hence  its  boiling  point 
rises  from  loO"^  to  200°  C),  a  quantity  is  distilled  off  suilicieut  to  raise  the  boiling 
point  to  190°  :  the  cli^jtillate  is  again  distilled  till  the  tioiliiij:^  |v>int  rises  to  180°;  and 
this  treatment  is  repeated  till  a  di-stilkte  is  obtained,  whit*h  passes  over  at  161°  with- 
out lonving  any  rt?sidue.  The  quantity  of  the  pure  product  thus  obtained  is  uhout 
half  tluit  of  the  impure  oil. — 2*  Muspratt  distils  together  in  a  large  retort  equal  por- 
lioiiB  of  the  concentrated  solutions  of  ethyLyulphate  of  calcium  and  trisulphideof  pjtas- 
siutti ;  washes  the  oily  product  repeatedly  with  distilled  water ;  and  tlien  rectifies  it 
sercral  times  over  chloride  of  calcium. 

PropfTtita, — Disulphide  of  ethyl  is  a  oolonriess oily  bqnid,  insoluble  in  water,  soluble 
in  alcohol  and  ether.  Its  specific  gravity  is  abotit  equal  to  that  of  water,  so  that 
it  first  floats  upon  water,  and  then,  perhaps  from  al>Bo riling  water,  sinks  to  the 
bottom.  It  boils  at  151° C,  passing  over  un decomposed.  It  is  neutral  to  vegetable 
colours;  has  a  very  strong  and  repulsive  alliaceous  odour  (according  to  Mnspratt  it 
has  a  moat  disj^sting  smell  when  crude,  but  after  rectification  the  smell  is  only 
slightly  alliaceous);  when  Inhiiled  it  is  very  apt  to  produce  headache;  tastes  first 
sharp  and  afterwards  sweetish;  10  drops  of  it  given  to  a  rabbit  caoae  convulsive 
movements,  from  which,  however,  the  animal  shuwiy  recovers.  Vapour^ensity  *• 
4-270  (Ca  hours).  If  then  its  molecule  in  the  stiite  of  vapour  is  condensed  to  2  voU., 
accortling  to  the  ordinary  law,  the  rational  formula  must  bo  C*H*»S«»  not  C*H*S:  for 
(2.  12   +   5.1   +  32)   *   bi^imr^  ^  4^227. 

Bccompomtions.^'l.  Bisulphide  of  ethyl  is  very  inflammable,  and  bums  with  a  blue 
fiame.  It  is  not  altered  by  exposure  to  tlie  air.  Chl^m  decomposes  it  readily, 
©speciaUv  in  sunshine  (C  ah  oars).  With  bromine  it  forms  a  compwjund,  soluble  in 
water,  which  yields,  by  distilhition,  hydrobromic  acid  and  an  aroratitic  liquid.  Fuming 
mtrie  ncid  converts  it  into  ethylsulphurous  acid,  a  small  quantity  of  sulphuric  acid 
being  also  formed.  Strong  su/phuHc  (Tcid  does  not  dissolve  it  in  the  cold  :  on  applying 
heat,  decomposition  takes  plstce,  attended  with  evolution  of  sulphurous  anhydride. 
With  ituTCiirio  oTidc^  disulphide  of  ethyl  slowly  forms  a  yellow  mass.  The  alcohoUe 
Bolutiou  precipitatea  mercuric  chl<fride  white,  acetate  of  (ma  yellowish  white.    (M  or i n.) 
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Trteolpblda  or  SttayL  (CPH»)«S«.— Obtained,  together  with  the  diaulphide,  by 
difltilling  a  mixture  of  ethylsulphate  and  pentasulphide  of  potassium.  On  rectifying 
the  product,  the  disulphide  passes  oyer  first,  and  i^erwafds  the  trisulphide.  It  is  a 
heavy,  oily  liquid,  which  reacts  like  the  disulphide  with  nitric  acid  and  with 
eUorine.    (Cahours,^.  e£/.) 

yentasulplilda  of  Sttayl.  (C«H»)*S»  (?)— This  appears  to  be  the  composition  of 
a  white,  sweet-tasting,  fusible  sulphuretted  compound,  precipitated  by  water  from  an 
alcoholic  solution  of  oxalic  ether  and  pentasulphide  of  potassium.  (Lowig,  Chemie 
der  OrganUchen  Verbindungent  L  464.) 

XTBTXi,  BUZiVBTAB  ATB  OF.     C'H«S  =  ^^*  |  S.       Hydrosulpkate  of  Ethyl 

Bulphethylate  or  Ethylsulphide  of  Hydrogen.  Mercaptan. — This  body,  wUdi  has  the 
composition  of  alcohol  in  which  the  oxygen  is  rephu^  by  sulphur,  was  discovered  by 
Zeisein  1833  (Pogg.  Ann.xxxi  369),  and  has  been  f^her  examined  by  Liebig(Ann. 
Ch.  Pharm.  xi.  10  ;  xxiii  34),  Debus  {ibid,  Ixxii.  18),  Regnault(Ann.  Ch.  Phys.  [2] 
Ixxi.  390),  and  others.  (See  also  Gm.  riii.  340;  Gerh.  ii.  284.)  The  name  mer- 
captan, by  which  it  is  generally  known,  signifies  corpus  mercurio  aptum,  a  body 
having  a  strong  tendency  to  unite  with  mercury. 

Mercaptan  is  produced  in  numerous  cases  of  the  reaction  of  ethyl-compounds  with 
metallic  sulphydrates,  especially  with  those  of  the  alkali-metals :  1.  By  tne  action  of 
sulphydrate  of  barium  on  ethylsulphate  of  barium  or  of  calcium : 

BaHS  +  C«H*.Ba.SO«  =  C«H».H.S  +  Ba«SO*. 

By  the  action  of  chloride  of  ethyl  on  sulphydrate  of  potassium : 

KHS  +  C'H»C1  -  Ka  +  C«H».H.S. 

3.  By  the  dry  distillation  of  xanthate  of  potassium.  — 4.  By  the  action  of  nitrate  of 
ethyl  on  sulphydrate  of  ammonium.     (E.  It  op  p.) 

Preparation. — 1.  Crystallised  ethylsulphate  of  calcium  is  distilled  with  a  solution 
of  sulphydrate  of  banum ;  the  product  is  collected  in  a  well  cooled  receiver ;  the 
aqueous  portion  is  decanted ;  and  the  mercaptan  which  remains  is  purified  by 
distillation  with  a  small  quantity  of  mercury,  then  dehydrated  by  chloride  of  calcium 
(Zeise). — 2.  A  mixture  of  alcohol  and  sulphuric  acid,  such  as  is  used  for  preparing 
the  ethylsulphates,  is  saturated  with  potash  ;  and  the  liquid,  decanted  from  the  pre- 
cipitated sulphate  of  potassium,  is  mixed  with  excess  of  caustic  potash,  then  saturated 
with  sulphuretted  hydrogen  and  distilled  (Wohler). — 3.  An  alcoholic  solution  of 
potash  is  saturated  with  sulphuretted  hydrogen,  and  then  treated  with  vapour  of 
chloride  of  ethyl.  Baudrimont  (Compt.  rend.  liv.  616)  recommends  iodide  of  ethyl 
for  this  purpose,  instead  of  the  chloride,  because  it  is  less  volatile. 

Properties. — Mercaptan  is  a  colourless,  very  mobile  liquid  having  a  peculiarly 
offensive  alliaceous  odour.  Specific  gravity  0*8325  at  21°  C.  (Liebig).  Boils  between 
61°  and  63°  C.  Vapour-density  =  211  (Bunsen);  by  calculation  (2  vol)  «  2148. 
It  is  very  inflammable  and  bums  with  a  blue  fiame.  When  a  drop  of  it  at  the  end  of 
a  glass  rod  is  briskly  agitated,  it  solidifies  by  the  cold  produced  by  its  own  evapora- 
tion. It  is  neutral  to  vegetable  colours,  very  sparingly  soluble  in  water^  but  dissolves 
in  all  proportions  in  alcohol  and  ether.     It  dissolves  sulphur^  phosphorus^  and  iodine. 

Decompositions, — 1.  Mercaotan,  boiled  with  moderately  strong  nitric  acid,  acquires 
a  red  colour,  and  after  a  whue  deposits  a  peculiar  oil.  On  continuing  the  ebullition, 
the  oil  disappears  and  ultimately  ethylsulphurous  acid  is  obtained. 

2.  Mercaptan,  heated  in  a  sealed  tube  with  trieihylic  disulphophosphate,  yields 
milphide  of  ethyl  and  diothylic  disulphophosphate : 

(PS)'")0«  ^   C«H*>Q      C«H»)q^      (PS)-    >0« 
(&H»)«{S     "*■       HJ^^'CH*!^'^  (C«H»)».HJS  • 

3.  "With  pentasulphide  of  phosphorus^  it  forms  triethylic  and  diethylic  tetrasulpho- 
phosphates : 

(L.  Carius,  Ann.  Ch.  Pharm.  cxii.  190.) 

4.  Potassium  and  sodium  eliminate  hydrogen  from  mercaptan  in  the  same  manner 
as  from  alcohol,  and  form  analogous  substitution-products,  viz.  thesulphethylates 
of  potassium  and  sodium. — 6.  The  alcoholic  solution  of  mercaptan  precipitates 
many  metallic  salts,  forming  a  yellow  precipitate  with  iead-salts^  and  white  precipitates 
with  cupric  acetate,  mercurio  salts,  and  trichloride  of  gold.  These  precipiUtes,  which 
are  formed  from  mercaptan  by  the  substitution  of  a  metal  fbr  one  atom  of  hydrogen,  aad 
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hnve  the  genpral  formula  CTI*.M.S.  are  cjilled  Sii  Iphetliylfltea,  Etlijleulphides, 
or  Mercaptides.  Tliit*  general  formtilft  likewise  includes  certain  double  sulphor- 
ethers  HualogonH  to  the  double  elbylic  ethers  (p,  542), 

Sufphrf  ht/faU  of  A  my  I,  C»H"S  —  C*n*.C>H".a  —Piwpftred  by  heating  1  at  tja- 
etbylic  disulphophosphate  with  2  at,  amy  lie  dcobol  to  160*^  C  till  the  vitreous 
which  ia  deposited  no  longer  increasea  in  yolume : 

(Sir  ^<T|°)-o*^:K-||rH 

Trletbrlic  dl-  AmjXic  aicohoi.       SulpbcthTlate       Amvlo-dlcthjlk 


iuli>ki0|]kio*pliBtie» 


o(  *rojl. 


•ulpn(»pta<»i]>ta«t«. 


The  ethereal  liquid  whieh  flo&ta  oa  this  mBUS  ia  decanted  and  distillod ;  the  liquid 
which  pissea  orer  betwcpu  120^  and  140^  C,  is  dissolvt?d  in  aereml  times  its  Tolume  of 
alcohol  and  preeipituted  by  water;  this  treatment  is  repeated  peveiul  times;  and  thA 
product  h  finaJly  WHshed  with  water  till  it  is  quite  free  from  amy  He  uleobuL 

SidpbelbylatiJ  of  amyl  is  a  colourless  liquid,  smiillin^  Like  aidphide  of  ethyls  aud 
sulphide  of  amyl.  It  boik  at  132^ — 1336^  C.  (corrected),  under  a  preesureof  7o  8  muL 
Vup*iiur-deusity,  obs.  —  44954  ;  calc.  =»  4"66{)6*  Ita  alcoholic  solution  forms  a  white 
precipitate  with  an  alcoholic  solution  of  mercuric  chloride.  (CariuB»  Ann.  Ch.  Phami. 
ciiJL  316;  Kep.  Chim.  pur.  C,  1862,  p.  172;) 

Sulphfthyiatf  of  Copper  is  obtained  aa  a  white  gelatinous  precipitate  on  mbiing 
tho  alcoholic  fiolutions  of  mercaptan  and  cuprie  acetate ;  uleio,  as  u  nearly  cotourl<»» 
masa,  by  digesting  finely  pulTenaed  cuprie  oxide  w^ith  mpn'nptau  in  a  elosed  Teasel. 
The  salt  when  dry  buma  in  Uie  flame  of  a  candle  witli  a  bluitjh-greeu  light.  It  la  not 
decomposed  by  boiling  potash  ;  forma  a  colourless  solution  with  moderately  stiting  hy- 
drochloric acid ;  and  di«solTes  sparingly  in  alcohoL 

Sulphrthylatr  of  Gold,  C^H^AuS. — Obtained  as  a  white  gelatinous  precipitate 
on  mixinp  tho  dilute  alcoholic  solutiona  of  auric  chloride  and  mercaptan  (1  pt.  mercap- 
tan diswolired  in  70  ptb.  alcohol  with  1  pt.  chloride  of  gold  in  20  pt«*»  alcohol).  Solid 
tricbloridp  of  gold  ia  viokutl}^  attacked  by  mercaptan,  the  xmii^s  becoming  very  hot  and 
giving  off  large  quantities  of  hydrocliloric  acid.  Oxide  of  gold  is  still  more  violently 
attacked,  the  mercaptan  sometime*  taking  fire,  and  a  black  inst^'tid  of  n  white  prwluct 
Ixing  obtained.  As  the  compound  produced  in  these  react iouii  u  not  (C'H*)*Au"'S*, 
but  C-H*AuS,  it  foUows  that  ddorino  or  oxygen  must  be  set  firee,  aa  shown  by  the 
equation : 

C'H'S  +  AuCl*  -  (PH*AiiS  +  HCl  +  CF; 

and  this,  acting  on  another  portion  of  the  mereaptan,  doubtlesa  gives  rise  to  tlie  gi«at 
hi'ftt  evolved  when  the  materitds  are  u»cd  in  the  undisNralved  state. 

Sulphethykte  of  gold  renuiins  white  when  heated  to  IBO'*  C. ;  at  22^')'=*  it  bt*gins  tn 
turn  lin^wn  and  give*  off  a  yellowish  liquid  (pn>bablv  disulphidf  of  ethyl),  unaccotn- 
paniifd  by  gas.  and  letives  metallic  gold.  It  is  not  decompo^fN.!  hy  poinfik,  or  by  *w/- 
phuric  or  hydrtHhlork  add.     Iftitric  acid  dworaposeH  it,  wilh  violent  evolution  of" gaa 

Snlphtthtflate  of  L^ad^  obtained  by  precipitation  irum  alcoholic  sohitions  of 
mercaptan  and  acetate  of  lead,  is  whit*,  cryatalline,  soluble  in  excess  of  the  leud-sohi- 
tion.  It  blnckena  by  heat ;  doea  not  appear  to  be  decomposed  bj  potash.  Nitrat«  of 
lead  is  not  precipitatevl  by  mercaptan. 

iS u Ip hithf/latf  of  Mt  rcury  { men'uricum).  DH^HgS,  or  (C=n*)'Hg''8-  {accoid- 
ing  as  tlie  mlomic  weight  of  mercury  is  taken  at  lOOor  200). — This  compound  is  quickly 
formcil  on  bringing  mercuric  oxide  in  contact  witii  mercaptan,  either  puro  or  dissolvt^ 
in  alcohol,  thf  action  being  attendiKi  with  gretit  erolutioj>  of  heat.  It  is  a  whilo, 
erystidline  mu.ss,  unctuous  to  the  touch,  melting  at  86*^,,  inodorous  even  in  the  melt*^ 
state.  It  dirtftolves  in  12  or  16  pts.  alcohol  of  85  per  cent.,  and  separates  on  c<»oling  in 
whitt!  scales  having  a  silvtiry  lustre.  When  heated  above  its  mel ting  point,  it  turns 
yellow,  exhales  an  intoxicating  otlour,  and  gives  off  metallic  mercury.  At  130*^  C.  it 
gives  off  an  oil,  which  appears  to  be  diftulphide  of  ethyl, 

Sulphethylate  of  mereury  is  not  decomjM>sed  by  aqueous  potash ;  but  aqU4?ous*i///jA#V/' 
of  potassium  separat<>s  eulpliide  ui  mercury  from  it^  forming  a  aolntion  which  contains 
the  su  1  ph  ethyl  at  es  of  potasssium  and  of  mercury,  probably  com  Inn  wl  in  a  double  salt 
This  solution,  when  boiled  and  evaporated,  yields  a  white  precipitate  ;  on  addition  of 
itad-S4tltt^  a  yellow  precipitate;  with  sulphid^t  of  potussium^  a  grey,  insolulde  com* 
poQud,  Sutpkt/drie  acid  dec<:imfK»scs  it  completely,  forming  ibulphido  of  mercury  and 
Bulphydrate  of  ethyl  Dilute  hydrochloric  acid  dissolves  it  ttlowiy  at  the  boiling  beat, 
ana  deposita  it  again  on  cooling  in  crystals  having  a  strtmg  luntre.  Strong  nierii*  arid 
decompofies  it^  with  violent  evolution  of  nitron?*  vapours,  forming  a  solution  from 
vrhich  water  throwa  dowu  a  colourless  oii    Metallic  U^  immerBeii  in  the  inelt«d 
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Bait  throws  down  metallic  mercuiy  and  forms  snlphide  of  ethyl,  sulphide  of  lead,  and 
lead-amalgam. 

A  compound  of  sulphetht/late  and  chloride  of  mercury^  C*H*HgS.HgCl,  is  obtained,  on 
mixing  an  alcoholic  solution  of  mercaptan  with  mercuric  chloride,  as  a  white  bulky 
precipitate,  changing  after  a  while  to  a  mass  of  crystalline  laminae.  It  is  but  sparingly 
soluble  in  water  and  in  ether ;  boiling  alcohol  dissolves  it  somewhat  more  freely,  and 
deposits  it  in  thin  crystalline  laminae  on  cooling.     (Debus.) 

Sulphethylate  of  Methyl,  C*H«S  -  C»H*.CH«.S. —This  compound,  the  analogue 
of  Williamson's  ethylmethylic  ether  (p.  642),  is  obtained  by  heating  a  mixture  of 
triethylic  disulphophosphate  with  twice  ita  volume  of  methylic  alcohol  in  a  sealed  tube 
to  160°  C,  care  being  taken  not  to  exceed  that  temperature.  The  reaction  is  complete 
in  a  few  hours,  the  tube  then  containing  a  browmsh  ethereal  liquid,  which  is  nearly 
pure  sulphethylate  of  methyl,  and  a  nearly  colourless,  vitreous  mass,  consisting  of 
diethylic  sulphophosphate: 

(C»H*)«{S    "^     Hj"    ■    CH»P  +  (C*H*)».HJ"- 

The  reaction  is  always  attended  with  the  formation  of  secondaiy  products,  result- 
ing chiefly  from  the  decomposition  of  the  diethylic  sulphophosphate. 

Sulphethylate  of  methyl,  purified  by  rectification,  is  a  colourless,  very  mobile  liquid, 
having  an  odour  more  like  that  of  methylic  than  of  ethylic  sulphide.  It  boils  at  68*8° 
— 69-6<>  C.  (corrected)  under  a  pressure  of  787  mm.  Vapour-density,  observed  =  2-609  ; 
calculated  =  2*6268.  It  forms  crystalline  compounds  with  metallic  chlorides.  Its 
alcoholic  solution,  mixed  with  alcoholic  mercuric  chloride,  forms  a  precipitate  consisting 
of  small  scales  having  the  composition  C'H"S.2HgCl.     (C ar  i  u  s,  loc.  cit.) 

Sulphethylate  of  Platinum,  C'H*PtS,  is  a  light  yellow,  muddy  precipitate, 
obtained  by  mixing  the  alcoholic  solutions  of  mercaptan  and  dichloride  of  platinum, 
the  latter  not  in  excess. 

Sulphethylate  of  Potassium  is  produced  by  the  action  of  potassium  on  mer- 
captan (sulphethylate  of  hydrogen).  It  is  a  dull  white  granular  mass,  very  soluble  in 
water,  less  soluble  in  alcohol.  It  may  be  heated  considerably  above  100°  C.  without 
decomposing,  but  a  very  strong  heat  carbonises  it  Its  aqueous  solution  likewise  de- 
composes and  blackens  on  exposure  to  the  air.  Hydrochloric  and  dilute  sulphuric  acids 
decompose  it,  with  brisk  effervescence.  The  recently  prepared  aqueous  solution  pre- 
cipitates lead'Salts,  yellow  in  the  cold,  white  on  boiling.  The  partially  decomposed 
solution  forms  a  brick-red  precipitate  with  silver-salts. 

Sulphethylate  of  Silver  ia  the  white  precipitate  formed  on  adding  nitrate  of 
silver  to  the  aqueous  solution  of  mercaptan ;  but  it  appears  always  to  retain  a  portion  of 
nitrate. 

Sulphethylate  of  Sodium.  —  Prepared  like  the  potassium-salt  Dissolves  easily 
in  water,  forming  an  alkaline  liquid. 

Zeisi^s  Indifferent  Sulphuretted  Oil! 

Zeise,  in  preparing  the  sulphur-compounds  of  ethyl,  obtained,  on  several  occasions,  a 
peculiar  oil,  which  he  sometimes  distinguishes  by  the  epithet  indifferent,  and  which 
differs  ftom  protosulphide  of  ethyl,  fix)m  mercaptan,  and  from  disulphide  of  ethyl. 

This  oil  is  formed  in  small  quantity  in  the  preparation  of  mercaptan  from  sulphydrate 
ofbariumandan  ethylsulphate,  and  consequently  the  mercaptan  requires  to  be  purified 
from  it  In  the  preparation  of  disulphide  of  ethyl  from  disulphide  of  barium  and  an 
ethylsulphate,  small  quantities  of  this  indifferent  oil  likewise  pass  over  with  the  disul- 
phide of  ethyl  It  is  however  obtained  in  greatest  abundance,  mixed  with  about  ^  mer- 
captan, by  ^stilling  1  at.  protosulphide  of  barium  with  a  concentrated  solution  of  1  at 
ethylsulphate  of  barium.  The  mixture  becomes  turbid  at  60°  C,  then  gummy  and  covered 
with  scum  ;  at  the  end  of  the  distillation,  nothing  remains  but  sulphate  of  barium.  If  too 
much  water  be  added,  the  whole  of  the  oil  remains  dissolved  in  the  wateiy  distillate.  The 
oily  mixture  of  this  indifferent  oil  and  mercaptan  which  passes  over  with  the  watery 
distillate  (which  is  fi^e  from  alcohol)  begins  to  boil  at  70°  C,  but  the  boiling  point 
gradually  rises  to  102°;  by  repeated  fractional  distillation,  it  may  be  separated  into  a 
more  volatile  portion,  ihe  mercaptan,  and  a  less  volatile  portion,  the  mdifferent  oil. 
The  latter  may  be  freed  from  the  last  portions  of  mercaptan  by  agitation  with  water 
and  oxide  of  lead,  and  from  water  by  rectification  over  chloride  of  calcium.  It  is  a 
transparent,  colourless,  neutral  oil,  of  specific  gravity  08449  at  18°  C.  Its  odour  re- 
semblee  that  of  mercaptan,  but  is  weaker  and  less  ethereal  It  bums  with  a  redder 
flame  than  mercaptan,  producing  a  larger  quantity  of  sulphurous  anhydride.  It  is  more 
■oliible  is  water  toan  meicaptan.    Its  alconolic  aolution  producea  no  turbidity  in^lead* 
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or  mercaiy-Balts,     It  contains  22*3  per  cent,  cjirbon,  10*8  hydrogen,  Riid  28  0  aulphitf, 
approximatLng  to  thr  fomiiik  C^H'-SO*  =  meivaptun  +  3  at.  watt^r. 

STSn,  TSZiZiintZDB  OT,  or  TB&ZiVliBTSTX*  C^Hi«Te  =  (C^^)n:i\ 
TelUrhtfdric  or  Hpdrotrlluric  Eth^r,  (Wo bier,  Ann.  Qh.  Pharm.  xxjet*  111  ;  Ixxxiv. 
69.— Ma  lie  t,  iVW.  luiXx.  223  ;  Chem.  Soc,  Qu.  J.  t.  71.) — This  compound  b  fuimed 
bj  tke  actioD  of  tellundc  of  potnaiiiimi  oa  etli jlsnlphato  of  potosKLum : 

2(C^H>.KS0*)   +   KTe  ^  2K«SO*  +   (C"fl*)»Tc, 

Preparation, — Telliiride  of  pot&fisium  ia  prepared  by  mudng   1   pt.  of  t^lluriQ 
powder  with  1 0  pta.  of  burnt  tai't&r ;   mtrodiieing  the  mixture  into  a  porcelAui  retort ' 
fitted  with  a  glass  tube  bent  downwards  at  right  tingles  ;  heating  Tho  T^xat  to  redne«ii  for 
three  or  four  hours— as  long,  indeed,  as  carb<jmc  oxide  continues  to  escape ;  and  then 
introducing  the  end  of  the  bent  tube  into  a  flask  filled  with  carbonic  anhydride,  to  prevent 
ai^eas  of  uir.     Ab  soon  us  the  mixtuw*  is  qmt4j  cold,  a  concentrnted  solution  of  ethyl- 
tmlphiite  of  potassium  (3  or  4  pt*i,  of  the  solid  salt  to  1  pt.  of  tellurmm)  prepared  with 
water  freed  from  air  by  boOiiig:,  is  poured  into  the  retort,  which  is  th«i  tightly  corked ; 
and  the  whole  heated  for  some  time,  with  constant  agitation,  to  40**  or  SiP.     The  i*otnilt- 
ing  purple  solution,  together  with  the  undiiw?olved  portion^  is  then  quickly  poured  into  c_ 
flaak  previously  filled  with  carbonic  anhydride ;  the  retf>rt  »gain  filled  with  the  same  ga*;| 
a  small  quantity  of  the  solution  of  ethybulphate  poured  into  it  (a  portion  haring  been 
kept  back  for  the  pur|xise);  the  retort  again  closed;  and  the  digestion  repeated     Thn^ 
precautions  are  nece^aary  to  prevent  loss  of  tellurido  of  potasaium  by  oxidant  ion.     Tb 
Daisk  is  then  connected  with  a  condensing  tube  and  receiver,  and  the  mixture  kept  coi 
fitautly  in  a  state  of  gentle  ebullition.     The  fiajsk  then  becomes  filled  with  the  \ello 
vapour  of  telluretbj'l,  aud  that  compound  distila  over,  together  with  water,  in  which  i 
sinks  in  drops.     Finally,  when  Bl>out  |  of  the  monotelluride  of  ethyl  baa  passed  oveii 
a  small  quantity  of  diteUurido  in  likewise  obtained^  differing  from  the  former  by  its  black^ 
red  colour.  ^  1 

Pron^iics, — Tellurethyl  is  a  deep  yellowifih*-red  liquid,  heavier  than  water,  and  botW 
ing  below  100^  C.  It  has  a  strong,  very  persistent,  and  extremely  disgusting  o<iour,  J 
like  that  of  sulphide  of  ethyl,  or  tellurettea  hydrogen.  It  appears  to  be  very  poiaonousLi 
Its  vapour  has  a  deep  yellow  colour.     It  is  but  slightly  soUiblo  in  water.  I 

Ikc&mposiiiim^. — Tellurethyl  is  very  inflamnlabl^^  and  bums  with  a  clear  white  fiani«1 
bordered  with  liglit  blue,  giving  oflf  thick  white  fumes  of  tcllurous  fwnd.     It  remuintj 
unaltt'red  under  water,  but  when  exposed  to  the  uir  becomes  covered  with  a  yellowiah^I 
and  afterwards  with  a  white  film,  and  is  ultimately  convertid  into  a  white  earthy  maa% 
In  sunshine  this  oxidation  takes  place  much  more  quickly,  and  is  attended  with  f^li|:H|j 
fuming;  but  no  fire  ia  produced,,  even  in  oxygen  gas.     Tellurethyl,  treated  with  nitn 
acid,  causes  violent  evolution  of  nitric  oxide,  and  forms  a  sol n tin n  from  which  aqueou 
hydrochloric  atid  tlirowe  down  a  lif'uvy  colourless  oil.     (Wii tiler.) 

Comfjiimtifms. — Tellurethyl  exhibits  the  proper! iea  of  a  diatomic  radicle,  unitin 
with  cMorine,  oxygen,  and  acid  radicles  in  general  to  form  salt*.  The  nitratir  i 
obtained  by  treating  tellurethyl  with  nitric  acid ;  the  other  salt*  by  double  decomposi 
tion. 

Bromide.     C*H^'^TeBr*,^ — When  a  solution  of  the  nitrate  or  the  oxycldoride  of  tel-J 
lorcthyl  is  mixed  with  hydrobromic  acid,  the  bromide  separates  in  the  form  of  a  ]   * 
3  el  low,  very  heavy,  inodorous  oil 

Chtor  I  dt,  C*H '  "TcCR — Obtained  by  mixiiig  a  solution  of  the  nitrate,  not  contain^ 
ing  a  great  excess  of  nitric  acid,  with  strong  hydrochloric  acid  in  a  narrow  cylindrici* 
vessch  The  mixture  becomes  milky  at  first,  and  aft^r  a  while  the  chloride  binka  to  th 
bottom,  in  the  form  of  a  hcary  oiL  It  may  be  washed  with  water,  though  it  is  some*'" 
what  soluble  iu  tliat  liquid,  and  alao  in  strong  hydrochloric  acid  When  the  latter 
ik)lntion  is  ovaporatpd  at  a  gentle  heat^,  the  chloride  separate  a  in  oily  drops  (Wohltfr, 
Mallet),  The  chloride  is  also  precipitjited  aa  an  oil  on  adding  hydrochloric  or  aul^ 
phnric  acid  to  a  solution  of  the  sulphate  or  oiychloride-     (Wohler.) 

Trans pti rent  and  colourless  oil,  heavier  than  water,  and  having  an  unplea«aut  odour. 
Maybe  distilled  without  decomjiosition,  but  appears  to  have  a  very  high  I "oi ling-point, 
for  when  distilled  wifh  water  it  pa^sea  over  very  slowly.  Oxide  of  silver  deoompoMsa 
this  compound,  converting  it  into  oxide  of  tellurethyl     (Mallet.) 

Fluoride. — Hydrofluoric  atid,  added  to  golutions  of  the  oxychloride,  throws  down 
fluoride  of  tellurethyl,  wliile  a  solnblo  fluorine- com  pound  remains  in  Kolution  and  may 
be  crystallistd  by  evaporation.  The  Bame  compound  is  obtained  by  treating  oxide  of 
tellurethyl  with  ny droftuoric  acid.     ( W  6  h  1  e  r. ) 

Iodide.  C*H'*Tel^.— Formed  by  mixing  a  solution  of  the  nitrate,  oxythloride,  or 
oxybromide  with  bydriodic  acid,  or  by  sum^nwilurating  the  chloride  with  this  acid. 
The  iodide  fle|>aratea  in  the  form  of  a  very  tx'autiful  orange-coloured  precipitate,  which' 
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when  washed  and  dried  formn  an  orange-yellow  powder.  Heated  in  water,  it  melts  at 
50^  C.  to  a  heavy,  yellowish-red  liquid,  which,  on  cooling,  solidifies  to  a  yellowish-red, 
opaque,  scaly,  crystalline  mass,  which,  like  mica,  may  be  very  easily  broken  in  the 
direction  of  the  cleavage-plane.  Dissolves  sparingly  in  water,  but  readily  in  hot 
alcohol,  from  which  it  crystallises  in  long,  thin,  orange-yellow  prisms.  When  heated 
above  its  melting  point  it  decomposes,  yielding  a  veUowish-red  oil,  a  black  sublimate, 
and  metallic  tellurium.  If  a  paitially  decomposed  solution  of  hydriodic  acid  be  used 
in  the  preparation  of  this  body,  an  almost  blood-red  precipitate  is  obtained,  most 
probably  containing  a  higher  iooide. 

Nitrate.     C*H»fre.(NO»)*  -   .^J^^^*  J 0«.— Obtained  in  the  form  of  a  white, 

crystalline  mass  by  dissolving  tellureth^l  in  moderately  strong  nitric  acid,  and  evapo- 
rating to  diyness  at  a  gentle  heat.  This  salt  burns  away  like  gunpowder  when  heated. 
It  dissolves  readily  in  water.  Alkalis  added  to  the  solution  form  no  precipitate,  be- 
cause the  oxide  of  tellurethyl  is  soluble  in  water.  Sulphurous  acid  separates  tellur- 
ethyl  in  dark,  red  drops.  Sulphuretted  hydrogen  throws  down  the  sulphide  (p.  283). 
Hydrochloric  acid  precipitates  the  chloride.     (Mallet) 

Oxalate  (basic).  /nio'V'^C^*' — ^^^^^  ^7  digesting  the  ozychloride  with 
water  and  excess  of  silver-oxalate.  Short,  transparent  prisms,  sparingly  soluble  in 
water,  with  acid  reaction.  When  heated,  it  melts,  boils,  gives  off  tellurethyl,  forms 
a  crystalline  sublimate,  and  leaves  a  residue  of  tellurium. 

Oxide, — Not  yet  obtained  in  a  state  of  purity,  its  isolation  being  always 
attended  with  partial  decomposition.  It  may  be  obtained :  1.  By  direct  oxidation 
of  the  alcoholic  solution  in  the  air ;  the  process  is  however  very  slow  and  does  not 
afford  a  good  mode  of  preparation  (Mallet). — 2.  'Rj  treating  the  chloride  immersed 
in  water, with  recently  precipitated  oxide  of  silver,  which  immediately  acts  upon  it  with 
spontaneous  evolution  of  heat,  and  is  converted  into  chloride.  The  filtered  liquid  is 
an  aqueous  solution  of  oxide  of  tellurethyl  free  from  silver  and  chlorine.  By  evapora- 
tion at  a  gentle  heat^  the  oxide  is  obtained  as  a  white  mass,  having  a  very  distinct 
crystalline  character  (Mallet). — 3.  Wohler,  by  digesting  a  solution  of  the  crystal- 
lised oxychloride  with  recently  precipitated  oxide  of  silver,  found  that  chloride  of 
silver  was  immediately  formed ;  but  the  liquid  did  not  filter  well,  the  -excess  of  oxide 
of  silver  running  through.  On  evaporating  it  in  the  water-bath  to  a  syrup,  it  began 
to  smell  of  tellurethyl,  and  the  undissolved  matter  turned  black.  On  dilution  with 
water,  it  filtered  clearly,  but  the  solution,  when  again  evaporated  to  a  syrup,  emitt<?d  an 
odour  of  tellurethyl  and  began  suddenlv  to  give  off  a  gas  (carbonic  anhydride  absorbed 
ft«m  the  air)  with  effervescence. — 4.  A  solution  of  the  sulphate  was  decomposed  with 
a  hot  saturated  solution  of  baryta-water,  the  excess  of  baryta  removed  by  carbonic 
acid,  the  liquid  heated  some  time  to  expel  the  carbonic  acid,  and  then  filtered.  The 
solution,  when  evaporated  over  the  water-bath,  smelt  constantly  of  tellurethyl,  and,  as 
soon  as  it  was  brought  down  to  the  consistence  of  a  syrup,  gave  off  gas  with  eff«»rve^ 
cence.  The  same  evolution  of  gas  was  subsequently  pK>duced  in  the  cold  mass  by 
stirring  it.     The  syrup  residue  exhibited  signs  of  crystallisation.     (Wohler.) 

The  crystalline  oxide  obtained  by  Mallet  decomposed  when  heated  in  a  tube,  yield- 
ing metallic  tellurium  and  an  oil  having  a  very  offensive  odour.  In  the  air  it  burned 
with  the  blue  fiame  of  tellurium  (Mallet). — The  solution  of  the  oxide  has  an  alkaline 
reaction,  and  when  mixed  with  hydrochloric  acid,  yields  chloride  of  tellurethyl  in 
colourless  oily  drops  (Wohler,  Mallet).— Yields  a  crystalline  salt  with  nitric  acid. 
(Wohler.) 

Oxyhromide.     (C*fre)«j-^  -C*H'«TeO.C*ffrreBr*.— Obtained  by  dissolving 

the  bromide  in  ammonia.  Ciystallises  in  shining;  colourless  prisms,  of  the  same  form 
as  the  oxychloride. 

Oxychloride,    (C*fi'fre)«j  q'  =  C*H"TeO.C*H'rreCl«.— Obtained  by  dissolving 

the  chloride  in  caustic  ammonia  or  potash,  and  evaporating  the  solution  till  it  crystal- 
lises. It  is  better  to  add  ammonia,  because  an  excess  of  it  does  not  decompose  the 
product.  The  salt  crystallises  easily  as  the  excess  of  ammonia  evaporates.  The 
mother-liquor  contains  sal-ammoniac  or  chloride  of  potassium : 

2C*H»«Tea«  +  K»0  -  2Ka  +  C*H»«TeO.C*H»rreCl«. 

Colourless,  highly  lustrous,  six-sided  prisms,  soluble  in  water  and  alcohol ;  a  solutioa 
of  the  oompoiind  in  hot  alcohol  yields  very  beautiful  cryttaLiL 
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yy„  1 .-  1  1  ,^]g  f^^l^l  added  to  aoluticins  of  thi^  compoTiiid  throws  down  colourl<»«8  ofly 
cli  llurethyl,  a  smidl  quantity  of  which  remains  in  solutiou.    fcJulpliuric  acid 

alau  J.  -,^,:atcfl  the  chloride,  wMle  sidphate  of  t-ellurethyl  renaaina  in  solution,  and 
from  this  the  chloride  maj  be  precipitated  hj  hydrochloric  add.     (Wohlen) 

Oxyiodidr,    {Cm'^Tef  j^*  =  C*H"TeO.C«H'*TeP,— Obtjiined  by  difisolving  th« 

iodide  in  ammoniii  and  leaving  th«  solution  to  etnporate  spontaneously,  Crystalliiicfl 
feadilj  as  the  ammonia  volmtiseiB,  in  paloy^illow  transparent  prisms,  isomorphous 
with  the  corrosponding  chlorine  and  bromme  componnda.  These  crystals  become 
onogQ-yellow  on  the  ffor&oe  when  exposed  to  the  air.  They  are  but  sparingly  solnbte 
iu  pure  water,  but  dissolve  freely  in  water  containing  ezoeos  of  ammonia.  Hydro* 
chloric  add  added  to  the  aqueous  solution  throws  down  a  hcaTy,  yeHowish-red  mixture 
of  chloride  and  iodide  of  tf lliirpthyL  Sulphuric  acid  throws  down  the  oraDge-yellow 
iodide ;  and  hydrochloric  acid  added  to  the  filtrate  separates  the  colourleas  chloride. 
Sulphurous  acid  precipitates  fi?om  the  solution  of  the  oxyiodide  an  easily  foible,  aemi* 
Bobd  mixture  of  teUurethy I  and  the  iodide. 

Sulphate,      fg()i\"H4  i^** — Obtained  by  adding  a  hot,  neutral,  saturated  aolii 

taon  of  sulphate  of  silver  to  a  solution  of  oxy chloride  of  telluretbyl,  as  long  as  any 
chloride  of  silver  is  formed,— Crystallises  in  groups  of  small,  short,  colourless  prisms^ 
easily  soluble  in  water.  Snlphurous  acid  precipitates  from  its  solution  a  yellow  oily 
bodv,  of  a  most  disagreeable  odour.  CJhlonde  of  barium  throws  down  sulphate  of 
banum  and  reproduces  the  oxychloridc. 

Sulphide.  C*H"*TeS. — Sulphuretted  hydrogen  passed  thitiiish  a  solution  of  the 
nitrate  throws  down  an  orange^coloored  precipitate,  which  on  heating  the  liquid  melts 
int  0  black  drops.     (Mallet.) 

Telluride  of  TeUurethyl  or  Dittlluride  of  Ethyl,  C*H»«T©^.— This  „. 
pound  was  first  obtained  by  Mallet  in  endeavouring  to  prepare  telluric  mercaptan  1 , 
saturating  an  aqueous  solution  of  telluride  of  potassium  and  ethyUulphste  of  bsriuiL 
with  telluretted  hydrogen,  and  distilling.  At  first  nothing  but  tellurethyl  passed  ovt»p;l 
but  on  applying  a  stfon^^  heat  another  liquid  distilled  orer,  having  a  much  greater  1 
density  and  higher  boUmg  point,  and  so  deep  a  red  ooloun  that^eren  in  smaU  qaan*l 
tity^  it  appeared  black  and  opaque  like  bromine.  It  likewise  pooieases  an  extremeljrl 
offensive  odour.     ( M  n  1 1  e  t ) 

The  same  compound  is  obtained  in  small  quantity  in  the  preparation  of  teUoreth]^ 
by  the  method  given  on  p.  550.     When  about  |  of  the  tellurethyl  has  passed  over,  a  ' 
small  quantity  of  the  ditelluride  likewise  distus  over,  distinguiafaed  by  its  deep  red 
colour.     (Wuhler.) 

STSTXi&OlSTiUlV^III*     C«H^O  =  N.H.C^*C*H'0.— Discovered  by  Wurts 
in  1850  (Ann.  Ch.  Pbye.  f3]  xix.  491  ;  Compt.  rend,  xxxvi.  180).     It  is  obtained: 
I.  B3'  adding  acetate  of  ethyl  to  aqueous  ethylamine,  and  evaporating,  first  over 
irater-batbp  then  in  vacuo : 


Acetate  of  edijrl.  Etlif  Luniae, 


N.H.CHICH»0   +    C^H-O. 
EUi/lAcetamide.  AlcoboU 


2.  By  the  action  of  cyanate  of  ethyl  on  f^lacial  acetic  acid : 


C"H*O.H.O 

Acetic  acid. 


+   N.CCOf.C^H*   =   N.H.C=H*.Dn»0    +    CO* 

CjAiik  ether.  Ethylacetamidi*. 


It  is  a  colourless,  syrupy,  uncrystalliaable  liquid,  which  boils  at  200^  C,  distsHifi^ 
almost  without  decomposition.  It  is  decomposed  by  potash,  yielding  ethylamine  and 
acetate  of  p:>ta8^iimi,  und  by  phosphoric  anhydride,  with  separation  of  carbon. 

BtHT-ldiacotatniae.  C*H"NO»  ^  N.C^H*.(C^H»0)'.  (Wurta,  Ann.  Ch.  Phys, 
[3]  xlii.  43.)— Produced  by  heating  cyanate  of  ethyl  with  acetic  anhydride  in  a  sealed 
tube  to  180^— SOO'^  C. : 


It  is  a  colourless  liqtild  of  specific  gravity  1'0092  at  20°  C. 
Bjn,  with  ETHYLAjniTB. 


CO* 


and  £TH  If  JaA.Sl&III OUTI UMH.  Oi<ganio  bases  formed  on 
the  tvpe^  NIP  and  NH*  respectively,  >>y  the  substitution,  more  or  le.na  complete,  of 
ethyl  for  hydrogen,  viai.  ethylamine,  N,H^.C*H*;  diothyljonine,  N.H.(C-H*)';  triethyla- 
—'-      N.CCn*/ ;  und  tctrethylammonium,  N(C-I1*)*.     The  flrat  three  of  these  com- 
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pofundfl,  which  are  formed  on  the  ammonia  type,  are  known  in  the  free  state,  and,  like 
ammonia,  nnite  directly  with  acids,  forming  salts  which  may  be  regarded  as  analogous 
in  composition  either  to  hydrochlorate  of  ammonia  or  to  chloride  of  ammonium,  e.  g, : 

Hydrochlorate  of  othylamine  '      \  ^\  Chloride  of  ethylammonium 


(N.H«  C»H»).HC1  J      )     (N.H».C«H»).CL 

Feutral  sulphate  of  othylamine     >  _  J  Neutral  sulphate  of  e 
(N.C»H*.H»)».H«80*  J  -  J     (N.C«H*.H»)«.SO*. 

feutral  phosphate  of  ethylamine  (  __  (Neutral  phosphate  of 
(N.C^H*.H«)».H>PO*  \  -  \     (N.C«H».H»)»PO*. 


Tctrethylammonium,  on  the  other  hand,  like  other  ammonium- bases  (i.  194),  is  not 
known  in  the  free  state,  and  its  salts  cannot  be  referred  to  the  ammonia  type,  ex- 
cepting by  regarding  them  as  compounds  of  triethylamine  with  chloride,  sulphate,  &c, 
of  ethyl,  e,g.  iodide  of  tetreth^lammonium  N.(C*H*)M  «  iodethylate  of  triethylamine 
N.(CH*)».C*H»L  They  are,  m  fact,  produced  by  the  direct  combination  of  ethyl-salts 
with  triethylamine ;  but  their  chemical  reactions  are  most  simply  represented  by  re- 
garding them  as  ammonium-  not  as  ammonia-salts. 

There  are  likewise  ethyl-bases  containing  methyl,  amyl,  phenyl,  &c.,  as  well  as 
ethyl 

(    ^ 
Sttiylamliae.    C'H^  *- Nj    H.    Ethylammonia,  Ethylia,  (A.  Wurtz  [1848], 

Corapt  rend.  xxTiii.  223  and  323 ;  Ann.  Ch.  Phys.  [3]  xxx.  443.) 

Formation, — 1.  By  thft  action  of  potash  on  cyanate  or  cyanurate  of  ethyl  (Wurtz) : 


nJ(^^:  +  2Kno  -  Nj^.    +  (c^/jo.. 

Cyanate  of        Hydrate        Ethylamine.       Carbonate  of 
ethyl.         of  potassium.  potassium. 


Cyanurate  of 
ethyl. 

In  the  case  of  cyanuric  ether,  however,  the  transformation  into  ethylamine  does  not 
take  place  at  oncc^  as  the  preceding  equation  would  indicate ;  but  by  three  successive 
steps,  each  consisting  in  the  assimuieition  of  a  molecule  of  water  and  the  elimination 
of  a  molecule  of  carbonic  anhydride,  the  intermediate  products  being  an  indifferent 
oily  body,  first  observed  by  Habich  and  limpricht  (p.  293^  and  hydrate  of  triethyl- 
earbotriamine : 

C»H'»N»0«   +    H»0   -   C0«   -     C«H>'N'0« 

Cyanurate  of  Indifferent 

ethyl.  body. 

CWN»0«    +   H>0   -   C0«   -     C'H»NH) 

Indifferent  Hydrate  of  trIcthyU 

body.  carbotriamine. 

C'H»*NH)     +  -HK)    -  C0«   =   3C«H'N 

Hydrate  of  triethyl-  Ethylamine. 

carbotriamine. 

The  same  products  are  sometimes  obtained  by  the  action  of  ethylate  of  sodium  on 
cyanurate  of  ethyl,  and  sometimes  on  the  cyanate.  (Hofmann,  Proc  Roy.  Soc 
zi  284.) 

2.  By  the  action  of  potash  on  ethyl-carbamide  (ethyl-urea)  (Wurtz) : 

N»J  C^H»  +  2KH0  =  nJ  H     +  NH«  +  (^/  |o«; 
(   H»  (C»H»  ^      > 

and  similarly  according  to  Tut  tie  (Ann.  Ch.  Pharm.  tn.  288),  by  distilling  a  mixture 
of  urea,  ethylsulphate  of  calcium,  and  caustic  lime,  or  a  mixture  of  cyanate  of  potas- 
sium, ethylsulphato  of  calcium,  and  slaked  lime. 

3.  By  the  action  of  ammonia  on  various  ethylic  ethers,  viz.  on  the  bromide  or 
iodide  (Wurtz ;  Hofmann,  Chem.  Soc  Qu.  J.  iii.  300) : 

C«H»Br  +   NH»   -  C«H^.HBr; 

on  the  chloride  (Groves,  Chem.  Soa  Qu.  J.  xiii.  831),  phosphate  (De  Clermont^ 
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Ann.  Ch.  Phye*  [3]  xlir»  336).  nitrate  (Juocadella,  Compt.  rwid  xlruL  332X  oCj 
•ulpiuto  (Cariufi,  Anu.  Ch,  Pharm.  ex.  209), 

4.  By  li<»ating  chloride,  bromide^  or  iodide  of  ftmmomani  with  alcohol  or  ether  i 
fienlod  tttbea  (Bert helot,  Ann.  Ck  Phys.  t^]  xxxriii.  63): 


H 


0  +    NH*C1 


Ha  +   HH> 


g^|0  +  2NH*C1  -   2[^'^!|n.HCi]   +  H^ 

&.  By  tbfl  decomposition  of  smlphfthamic  acid*  tliat  compound  being  resolvtvl  bj 
heat  into  etliylamitie,  sulphuric  iicid,  and  pr\jhably  alcijliol  and  iBeUiionic  acid. 
^Strecker,  Ann,  Ch.  Phurm.  btxv.  50J) 

C»H"NS»0«   +   2ffO   -»  (7H^   +   H=SO«  +   2C»H'0   +   C*H«SO^ 

Sal^^htfthamic  Ethyia-        Sulphuric         AlcoJuoL  Itctnioale 

acid.  mlDe.  add.  iicld. 

6.  Cyanide  of  ethyl  If  ft  in  contact  tor  some  tdme  with  bydroehlonc  or  imlphnrie 
Acid,  yiiiklB  a  eait  of  etbylamine,  jost  as  cyanide  of  hydrpgen  trentod  in  thu  «amB 
manner  }deldB  a  salt  of  ammonia.     (K  Meyer,  J.  pr.  Chem,  btvid.  279.) 

7.  White  precipitate  {NHrEIg"Cl)  heated  with   iodide  of  ethyl  forms  a  double , 
chloride  of  mercury  and  etbylammonium,  a  oorreepooding  doable  iodid€,  and  i 
oompouDdfi  (p.  6^6), 

Preparation. — 1.  By  decomposing  cy ana te  of  ethyl  wilh  potash.  The  acticx 
take«  place  at  ordiuaij  temperaturea,  and  is  attendcKi  with  oeat  erolntion  of  heat|J 
hence  it  ia  beet  to  mix  the  liqtdda  in  a  bottle  haring  a  weU  ground  stopper,  whidi 
must  be  tightly  secured,  and  to  cool  the  bottle  eitemalfy.  The  decomposition  is  com* 
plete  in  about  fire  minutes,  the  re^cl  then  containing  nothing  but  ethylnmine  audi 
carbonate  of  potassium.  The  liquid  is  then  distilled,  and  the  yapioar  of  ethylamiovJ 
passed  into  a  receiver  containing  a  little  water,  and  cooled  extemaUv.  To  obtain  ihmA 
anhydrous  base,  the  aqueous  solution  thus  formed  18  satuzmtad  with  hydrochloric  add;! 
and  the  hydrochlorate  of  ethylamine  cry  stall  iscd  by  eTapotntioti,  thoroughly  dried,  an4l 
gently  heated  with  twice  itfl  weight  of  qmck  lime  in  n  long  gliusft  tube,  dosed  at  onArl 
end,  the  mixtura  occupying  the  lower  half  of  the  tube,  while  the  upper  half  is  filledf 
with  fragments  of  caustic  potash  to  dry  the  Tapoor  of  ethylamine  aa  it  ia  eTolTcdrl 
The  dry  Tapour  then  passes  through  a  delivery-tube  into  a  small  flaak  or  U-tube  su^  j 
rounded  with  a  freezing  mixture^,  and  ia  there  condensed  to  a  liquid.     (Wurta,) 

2.  Xly  the  action  of  ammonia   on   bromide  of  ethyl.      Strong  ammonia  ]i| 
endoMid^  together  with  excess  of  bromide  of  ethyl,  in  a  combu»tion*tube  two  fw 
long,  and  the  sealed  tube  is  immersed  in  boiling  water.     Decomposition  takes  plaoil 
quickl^t  with  ebullition,  and  is  complete  in  about  a  quarter  of  an  hour,  its  completion  1 
being  indicated  by  the  yolume  of  the  bromide  of  ethyl  reinalmng  oonstant  in^tcdd  oil 
diminishing.     The  lube  thea  contains  hydrobromate  of  etbylamine,  from  whidi  liit 
base  may  be  obtained  by  distillation  with  potash  or  Hme.     (H  of  ma  on,   Chem.  Soc: 
Qu.  J.  iii.  300.) 

3.  By  heating  iodide  of  ethyl  with  ammonia  in  sealed  tubes.     The  action  ijtd 
this  case  is  more  complicated  than  when  the  bromide  is  used,  the  formation  of  iodidtl 
of  ethylammonium  being  accompanied  by  that  of  iodide  of  ammonium,  and  of  tho 
iodides  of  dl-^  tri-,  and  t-etrethylanunoninm,  us  shown  by  the  following  equations: 

C*H»I     +       NH*     =     (KC^».H')I. 

Iodide  or  cilijUirfiioulam. 


2C*H'I 


3C«H»I 


2NH^     =. 

todld« 


of  dlethjUmmonlu 


3NH'     =     tK(C^H»)«.H]L 

todido  of  iriifthjrkiniiioiiiuin. 

4C?*n*I     +     4NH«     -     [N.((7H*r]L 

Iodide  of  tetrethjritisieia&luin 


NH^L 


2Nn*L 


SNH^L 


This  mixture  of  iodi^les  distilled  with  potjiah,  yields  a  distillate  consisting  of  ammonia, 
ethylamine,  diethylamine  and  triethvlamine(tlio  hydrate  of  tetrethylammoninm  formed 
at  thi^  same  time  being  resolved  into  tri  ethylamine,  water,  and  ethylene  (p.  661), 
which  it  is  impossible  to  separate  completely  by  fractional  distillation.  The  separation 
tnav  however  be  effected  by  subjecting  the  mixture  of  bases  previously  dehydratcHi,  to 
action  of  oJralate  of  ethyls  by  which  the  ethylamine  is  converted  into  diethyloxa- 
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mide,  and  the  dietbylamine  into  diethjloxamate  of  ethyl,  while  the  triethyiamine 
remains  unaltered : 


(CK)T(o 

+ 

2N|     jj,     - 

Oxalic  ether. 

BthyUnine. 

Diethyl-                       Alcohol, 
oxamlde. 

+ 

(    H 

Oxalic  ether. 

DiethyUmiiML 

Diethjloxamate  of           Alcohol, 
ethyl. 

On  distilling  the  product  of  this  reaction  at  the  heat  of  the  water-bath,  the  triethy- 
iamine, which  has  not  been  acted  on,  passes  over  pure.  The  residue  consists  of  a  fibrous 
mass  of  diethyloxamide  saturated  with  an  oily  liquid,  which  is  diethyloxamate  of  ethyl. 
On  submitting  this  mixture  to  the  action  of  boiling  water,  the  diethyloxamide  dissolves, 
and  the  diethyloxamate  of  ethyl  remains  as  an  insoluble  oily  layer  floating  on  the  hot 
solution,  from  which  it  may  be  separated  b^  a  tap-funnel.  The  diethyloxamide  crys- 
tallises  from  the  aqueous  solution  ou  cooling,  and  when  distiUed  with  potash,  yielda 
pure  ethylamine : 

K'jS^!^      +       2KH0      -      2NJ9^'      +     (CO^rjo. 

Diethyl-  Ethylamine.  Oxalate  of 

oxamide.  potassium. 

The  oily  liquid  serves  for  the  preparation  of  dietbylamine,  p.  669.  (Hof  ma  n  n,  ProCi 
Roy.  Soc.  xi.  66,  626.) 

4.  From  nitrate  of  ethyl.  Nitric  ether  is  mixed  with  twice  or  three  times  it«v 
weight  of  absolute  alcohol  preWously  saturated  with  ammoniacal  gas ;  the  mixture  is 
heated  to  100*>  C.  for  two  days  in  a  sealed  tube  half  filled  with  it,  then  distilled  with 
excess  of  potash ;  the  vapours  which  pass  over  are  received  in  hydrochloric  acid ;  and 
the  chloriae  of  ethyl-ammonium  thus  formed  is  separated  fix)m  chloride  of  ammonium 
by  solution  in  alcohol  (Juncadella).  According  to  Carey  Lea,  nitrate  of  ethyl 
heated  with  ammonia  yields  dietbylamine  and  a  small  quantity  of  triethyiamine,  as  well 
as  ethylamine.  To  separate  these  bases,  he  distils  the  contents  of  the  tube  with  potaah ; 
receives  the  vapours  in  dilute  sulphuric  acid ;  dissolves  out  the  sulphates  of  the  ethyl- 
bases  with  alcohol,  which  leaves  sulphate  of  ammonium  undissolved ;  then  converts 
them  into  picrates ;  and  separates  the  picrates  of  ethylamine  and  dietbylamine  by 
repeated  cr^'stallisation,  the  ethylamine-salt  being  the  less  soluble  of  the  two.  The 
quantity  of  triethylamiuo  produced  is  too  small  to  interfere  with  the  process,  unless 
the  reaction  is  conducted  in  a  particular  manner  to  be  afterwards  described  (p.  669). 
The  picrates  of  ethylamine  ana  dietbylamine  are  decomposed  by  hydrochloric  acia, 
and  the  bases  are  obtained  by  distillation  with  potash.  (Cnemical  News,  v.  118 ;  lUp, 
Chim.  pure,  1862,  p.  239.) 

Properties. — Anhydrous  ethylamine  is  a  transparent,  colourless,  very  mobile,  inflam- 
mable liquid,  of  specific  gravity  0'6964  at  8^  C.  It  does  not  solidify  at  the  tempera- 
ture of  ^  mixture  of  solid  carbonic  acid  and  ether.  Boils  at  18'7**  C.  (Wurtz). 
A'apour  density  at  43°  and  under  a  pressure  of  773-04  mm. « 1*6767  (Izarn).  It  has 
a  very  pungent  ammoniacal  odour,  a  strong  alkaline  reaction,  and  is  highly  caustic,  a 
small  drop  of  the  concentrated  aqueous  solution  placed  upon  the  tongue  producing  a 
burning  pain  and  acute  inflammation.  It  forms  very  dense  white  fumes  with  hyd^ 
chloric  acid  gas,  and  makes  a  hissing  noise  when  strong  hydrochloric  acid  is  dropt 
into  it.    (Wurtz.) 

Ethylamine  mixes  with  water  in  all  proportions,  the  m&tare  being  attended  with 
considerable  rise  of  temperature.  The  solution  is  distinguished  from  aqueous  ammonia 
by  a  certain  degree  of  viscidity.  By  continued  boiling,  the  whole  of  the  ethylamine 
may  be  expelled. 

The  solution  of  ethylamine  exhibits,  with  many  metallic  salts,  reactions  similar  to 
those  of  ammonia.  It  is  however  distinguished  from  ammonia  by  redissolving  the 
precipitates  which  it  forms  with  solutions  of  aluminium  (Wurtz).  goldy  and  ruthenium 
(Carey  Lea),  and  by  not  redissolving  those  which  it  forms  witn  salts  of  cadmium^ 
nickel^  and  eohalt.  The  precipitate  formed  with  euprie  salts  is  less  easily  soluble  in 
ethylamine  than  in  ammonia  (Wurtz).  With  stannic  chloride,  ethylamine  forms  a 
precipitate  very  soluble  in  excess,  whereas  that  formed  by  ammonia  dissolves  but 
slowly  in  excess  of  that  alkali.  The  precipitate  formed  by  ethylamine  in  yo^-salt« 
has  but  little  resemblance  to  fulminatiDg  gold :  it  is  deoompoied  by  heat,  but  without 
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detonntion  (Carey  Lea).  BickloHJe  of  platmum  is  Dot  immediately  precipUittwi  hj 
ethylamint^  from  a  modrnittly  conctiotraf  ed  solution  (Wurtz),  Pfw^phorfwi^fHUc  turtd 
forms, -with  eokition  of  etliylamine,  n  yelkw  precipitiite  like  that  with  ammomJi,  bat 
more  Boluble  pi  oyer).  ,.        ,     . 

Dtcompomthns.^l.  Ethykmine  Tapour  mimA  through  a  red-hot  poredain  tube  la 
revived  into  ammonia^  hydrocj-anic  acid,  hydrogen,  and  a  small  quantity  of  a  hydro- 
carhon.— 2.  On  the  approach  of  a  burning  l>ody,  it  takes  Are  and  hums  with  a  ypllowi!»h 

flmno. 3.  lodhif  dec«>m looses  the  aqueous  solution  of  ethylamine,  funning  hydriodat*  of 

ethjlanuD©  and  diniodethylamine,  which  cannot  be  distilled  without  decompo- 
sition : 

2Cnni  +  I*  =  m  +  C^H'N.HI  +  C^H»P)N. 

Bfntninf  and  cMorinc  act  iu  like  manner. 

4.  Nitrous  acid  defuiapo»ea  ethylamine,  with  formAtioa  of  nitroua  ether  aad  fine© 
mtro^u  1 

C'H'N  +  N*0*  -  CTI».NO'  +  H«0  4.  N\ 

An  easy  way  of  exhibiting  this  i^eactiou  in  to  drt>p  a  crystal  of  nitrify  of  potassium 
into  a  flolution  of  hydrochCirate  of  etliylamine,  miatod  with  un  t^^iutil  volume  of  hydro- 
chloric RciiL     A  snmll  quantity  of  yetlow  aromutif  oil  it*  f<tmit?d  at  tlio  same  time. 
6.  Willi  chloridf  of  c^tmofftn,  ctbyLimine  acts  like  ammonia;  thus  : 


Elhjlunine. 


+    CN.Cl   = 
Chloride  ot 


(N.c=nvH*).nci 

Iljrdrocbliurate  of 
ethylunluc. 


6,  With  eganie  acid  it  fonuB  ethyl-earbamido : 
aud  with  cyenaU  of  tthyl^  diethylcarhamido : 


^\^:^  ^\ 


cm* 


i(cor 


((cor 


7.  Oil  of  muHard  (Bulphocynnate  of  allyl)  couTerta  ethykmine  into  thioiliielliylip 
mine,  C"H"N*S.     (Hinterberger.  Abu.  Ck  Pharm,  bLcdiL  346.) 

8,  For  the  reaction   of  othylkmine   with   dibromid^  of  ttk^Unt^   g««  EtitTLEiah 

OAtto  of  Stliylamiiie*  Ethylamino  is  a  strong  base,  neutraliniig  acid«  %b  com- 
pletely ftfl  ammonia,  and  eip^-llin^  amraonia  from  ammoniacal  salta.  Host  aalttf  of 
cthylamine  are  eaiw^ly  soluble  in  alcohol,  a  property  by  wliieh.  \htty  are  di^tiiiguiflhed 
from  8alta  of  ammonia.  Hence,  when  the  two  basea  occur  together,  they  may  be 
separated  by  conTcrting  them  into  cWoridea  or  sulphatea,  and  digesting  the  dried 
residue  in  (*tronp  alcohol.  According  to  Meyer  (J.  pr;  Chera-  lirii.  147),  the  separa- 
tion is  eaflily  effected  by  treating  the  mixed  bnse«  with  excess  of  tartaric  acid,  and 
eraporating ;  acid  tartrate  of  ammonium  then  crj-staUises  out,  while  the  ethylamine- 
salt  remains  in  the  form  of  a  syrup,  easily  soluble  in  alcohoL 

Acttatt  of  Eth^lamine.^When  ethylaniine  vapour  is  piwsed  into  a  Tessfl  wn- 
taining  frlo^ul  acetic  acid  and  anrrounded  with  ice,  the  salt  is  obtAined  in  the  form  ^^f 
a  Terj'  deliqtie.tcent,  crystalline  moss  of  dazzhng  whiteness.  Phosphoric  anhyilri<!" 
chars  it  nipidly,  but  does  not  give  rise  to  the  formation  of  any  compound  analogoTis  t  j 
acetonitrile.     (Wurtx.) 

Bromhydrate  or  Bydrohromate  of  Ethylamine,  C'W'S.'HBr,  or  Bromide 
of  Ethfflammoniuin^  O^IPN.Br — This  salt  is  produced:  1.  By  tlmdirect  combina- 
tion of  ethylaraiiie  and  hydrobromic  acid. — 2,  By  the  action  of  bromine  on  aqm^'us 
cthylamiue  (Wurtz). — 3.  By  the  action  of  bromiiie  of  ammonium  on  alcohol  or  ether 
(Berthelot,  p.  653). — 4.  By  the  action  of  ammonia  on  bromide  of  eUiyi  It  i»  cr;f»r 
talliiie,  and  gires  o^  ammonia  when  distilled  with  pota^^h. 

Carhonatif  o/ J?My/ amtn  <«.— When  by  drochlorate  of  etliylamine  is  CAr^fully  dif- 
tilled  with  carbonate  of  sodium,  both  being  thoroughly  dry,  airbonate  of  ethylamiae 
passes  over,  and  condonsea  as  a  crystalline  mass  saturated  with  a  viscid  liqui<i^  whope 
solution  ha«  a  strong  alkaline  react iotip  It  has  an  ammoniacal  odottr,  gives  o%  «▼<;&  at 
ordinary  temperatures,  vapours  which  turn  reddened  litmus  blue ;  is  veiy  deliqueacent* 
and  dissolves  the  basic  carbonatefl  of  copper  and  zinc.  The  analysis  of  tliia  aalt 
yielded  qujui titles  of  carbon  and  hydrogen  greater  than  are  required  by  the  formula 
of  acid  carbonate  of  ethylamine,  C*H'N'.H,CO», 
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Respecting  the  so-called  anhydrous  carbonate  of  cthylamine^  obtained  by  passing 
carbonic  anhydride  into  anhydrous  ethylamine,  see  below. 

Chlorhydrate  or  Hydrochlorate  of  Eth^lamine,  CH^.HC1,  or  Chloride 
of  EihylammoniuTtij  C'H"N.C1. — ^Formation  similar  to  that  of  the  hydrobromate. 
Prepared  by  saturating  with  hydrochloric  acid  the  aqueous  solution  of  ethylamine, 
which  is  obtained  by  distilling  cyanic  acid  with  potash.  On  evaporating  to  dryness, 
dissolving  the  residue  in  strong  boiling  alcohol,  and  cooling  the  solution,  the  salt  is 
deposited  in  large  crystalline  lamins.  From  the  aqueous  solution  it  crystallises  in 
striated  prisms.  Fuses  between  76°  and  80°  C,  and  solidifies  on  cooling  in  a  semi- 
transparent,  crystalline  mass.  Gives  off  vapours  at  ft  liigh  temperature ;  boils  between 
315°  and  320°;  and  if  then  left;  to  cool,  solidifies  in  a  milk-white,. amorphous  mass, 
whose  melting  point  is  above  260^.  The  crystals  are  very  deliquescent.  On  treating 
the  aqueous  solution  with  amalgam  of  potassium,  hydrogen  is  given  off  and  a  solution 
of  ethylamine  is  formed.     ( W  u  r  t  z. )  *' 

ChlorO'aurati\  (?^H*NCl.AuCl*. — Obtained  by  mixing  the  aqueous  solutions  of 
hydrochlorate  of  ethylamine  and  trichloride  of  gold.  Forms  very  fine,  golden-yellow, 
prismatic  crystals,  soluble  in  water,  alcohol,  and  ether.     (Wurtz.) 

Chloromercurate,  C?H«NCl.HgCl,  or  (C'H»Na)«.Hg"CR— Obtained  by  mixing 
the  aqueous  solutions  of  corrosive  sul^matc  and  hydrochlorate  of  ethylamine  in  equi- 
yalent  quantities.  Crystallises  more  readily  than  the  corresponding  salt  of  methyla- 
mine,  but  forms  smaller  crystals.  From  the  alcoholic  solution  it  is  deposited  in  small 
white  scales.     (Wurtz.) 

Chloride  of  Eihylammonium  with  Cyanide  of  Mercury^  C*HWCl.Hg"Cy*.— Obtained 
by  mixing  a  neutral  solution  of  hydrochlorate  of  ethylamine  with  aqueous  cyanide  of 
mercury,  and  evaporating  over  the  water-bath  to  the  crystallising  point  l^arge  lami- 
nated crystals,  which  are  permanent  in  the  air,  and  are  decomposed  by  the  heat  of  tho 
water-bath.  Soluble  in  water,  sparingly  in  cold  alcohoL  Taste  disagreeably  metallic. 
(Kohl  and  Swoboda,  Ann.  Oh.  Phann.  Ixxxiii.  342.) 

Chloropalladite  of  Ethylamine^  CfH"NCl.PdCl. —  An  aqueous  solution  of  hy- 
drochlorate of  ethylamine  evaporated  over  the  water-bath  with  excess  of  protochloride 
of  palladium,  yields  large  black  crystals  grouped  in  feathery  tufts ;  by  transmitted 
light  they  exhibit  a  fine  red  colour.  They  yield  a  red-brown  powder,  and  retain  their 
lustre  unimpaired  at  the  heat  of  the  water-bath.  (Reckenschuss,  Ann.  Ch.  Pharm. 
Ixxxiii  343.) 

Chloroplatinate,  C*H'NCl.PtCl*. — Obtained  by  mixing  the  concentrated  solu- 
tions of  dichloride  of  platinum  and  chloride  of  ethylammonium,  adding  alcohol,  press- 
ing the  resulting  yellow  precipitate,  and  dissolving  it  in  boiling  water.  On  cooling, 
the  double  salt  separates  in  beautiful  tablets  of  a  deep  orange-yellow  colour.     (Wurtz.) 

For  the  compounds  of  ethylamine  with  protochlonde  of  platinum  and  other  platinous 
salts,  see  Pla.tinum-Bas£S. 

Ethylcarbamate  of  Ethylammonium,  C»H"NW  «  -^^^^^^^^^'jo  - 

(C'H'N)*.CO*. — This  salt,  homologous  with  the  so-called  anhydrous  carbonate  of  am- 
monia, is  produced  by  passing  carbonic  anhydride  into  anhydrous  ethylamine  cooled 
'  by  a  freezing  mixture  (i.  761). 

Molybdate  of  Ethylamine,  (C«H'N)«.H«Mo*0»  -  (C»H''N)'.MoW.— Mol^bdic 
acid  diuisolves  readily  in  ethylamine,  and  the  solution  left  to  evaporate  over  chloride  of 
calcium  deposits  white  scales,  which  become  red-brown  when  dry,  and  ultimately 
assume  a  regular  brown  colour.  They  continually  give  off  ethylamine,  and  are 
gradually  converted  into  a  more  acid  salt     (Meyer,  J.  pr.  Chem.  Ixvii.  161.) 

Nitrate  of  Ethylamine. — Obtained  by  saturating  ethylamine  with  nitric  acid. 
Very  deliquescent ;  oystallises  from  the  aqueous  solution  in  thin  laminie.  The  syrupy 
mother- liquor,  when  heated,  gives  off  gases  which  bum  with  a  yellow  flame,  and  yields 
a  brown  watery  distillate  wiUi  a  few  drops  of  oil  floating  on  the  surface ;  the  residue 
is  a  brown  mass  which  ultimately  becomes  charred.     (Wurtz.) 

Oxalate  of  Ethylamine,  (C«H'N)«.H»C«0«  «  (^'^'|o*.— Obtained  by  satu- 
rating ethylamine  with  oxalic  acid  and  evaporating.  Crystallises  in  right  rhombic 
prisms.  When  heated  itgives  off  2  at  water,  and  is  converted  into  ethyloxamide, 
N*.(C*0*)''.(C-H*)^H*.  i^ated  with  excess  of  oxalic  acid,  it  yields  a  small  quantity  of 
ethyloxamic  acid.     (See  OxAicic  Actd.) 

Phosphate  of  Ethylammonium  and  Magnesium,  C«H"N.Mg.H.PO<  +  6n'0  ? 
Obtained  by  adding  ordinary  phosphate  of  sodium  to  a  solution  of  siUphate  of  magne- 
sium mixed  with  ethylamine  ana  either  of  its  salts,  as  a  bulky  precipitate  whit:h 
becomes  crystalline  on  standing,  is  much  more  soluble  than  the  corresponding  ammo- 
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iiiiim*8iilt,  and  when  le(t  orcv  eulphuric  atid,  girea  ofiF  all  ite  water  and  part  of  lb* 
etliylaminc.     (Moyer.) 

Sulphate  of  Ethylamine  or  of  Ethyl  ammonium^ — Beliqaescent,  nncryartal-J 
Ibiible,  very  Boluble  in  alcohol,  dries  up  in  Yiicno  to  a  transparent  gammy  m9s^\ 
(WttrtR.) 

Sulphate  of  EthylamnufHium  and  Aluminium,     Eiht/Iaminf-alum.    .j,f.:„y2S0*  +\ 

\2WO. — Obtained  Vv  mixing  the  solutions  of  the  component  wits,  and  eruporatin^  I 
CrvstJLlli«**s  ordinarily  in  rcgnlur  octahedrons  Itk^  comraon  alura,  but  occasioiially  iiLm 
priHfns.  which,  howerep,  yield  octahedfona  by  rectystalliBatioQ*     (Kenner  and  St  ba- 
rn er,  Ann.  Ch.  Phann,  xci.  172 ;  Meyer,  ^'J<^-  t*T'.) 

Sulphate  of  f thylaniine  also  forma  crysUUisable  double  ctalt^  with  the  gu!phaU4  of 
magntJiium  and  copper^  and  with  chloride  of  copper  (Meyer);  with  gulphafe  ofcint,^ 
(Carey  Lea.)  The  magneaium-salt  appears  to  contain  C*H'N.Mg.SO'  +  ^  aq.^ 
(Mt^yer.) 

Sulphi/draie  of  Ethylammoniitfn^    Prepared  by  paMing  Rnlphydric  add  }^  __ 
into  anhydrous  ethylaniine  cooled  with  ice.     Colourless,  easily  ftisible,  rolatile  ciyftal%] 
whiirh,  when   exposed  to  the  alr^  abiorb  moisturei  and    change  to  yellow  drop 
(Wurtx.) 

TartraU  of  Etkytammenium  and  Sodium  hw  been  obtained  by  C^iiRf J 
Lea. 

Suhstitution-producti  of  Eikyhrnine. 

-Dtcm  -^1^  —  (7H*C1«N.  (Wurtz,  Ann.  Ch.  Pbys.  [S]  xxx.  474.)— Chlofiotl 
pii<si>ri  I!  1  limine  coolea  with  ice,  fonmi  tbi»  compound^  together  vtitltr 

hy drot L .  ,^ . . .  ^    .  . .  „ ^,  .^.iiine : 

2C«H^  +  CI*  -  cm^.Hci  +  c^H*cra  +  na 

The  action  ia  attended  with  rise  of  temperature  and  a  alight  evolntion  of  nitrogpni^ 
gaa.  The  diehlorethylamiot*  is  deposited  in  the  form  of  a  yellow  liqnif^  which  ma^i 
be  purified  by  washing  with  wiiter  jind  rectifying  over  chloride  of  calcium.  It  has  ft  ' 
pent?f  rating  odour,  and  produces  eoiighing  and  flow  of  tears,  liojk  nt  91*^  C.  The  j 
Taponr  explodea  when  heat«d  in  a  tubo^  but  not  with  lufficimit  force  to  break  the 
tubi*. 

The  compound  treated  with  excess  of  chlorine  is  conrerted  into  a  solid  body  which 
Ct^'»tnllisea  in  scaler.  Ammonia  decomposes  and  dissolTea  it  gmdaally>  Catuftiis 
pfttaah  dceompo&ea  it  alowly,  forming  chlondo  of  pota^sinm,  acetate  of  potassium^  and 
lunmonia,  a  gas  containing;  chlorine  being  also  given  off  in  i^mall  quantify,  and  a  few 
drops  of  an  oily  liquid,  which  has  a  disagreeable  odour,  like  tliat  of  impure  eyauide  of 
ethyl,  sinking  to  the  bottom : 

C«HH:n^  +  3KH0  -  C*H*KO'  +  NH"  +  2Ka  +  HK>. 

The  gaa  and  the  oily  liqnid  are  seeondai^  productu.     (Wurtz.) 

DniBOMBTHTLJLMixE.  C=H*Br-N.  (Wurtz,  Ann.  Ch.  Phyy.  [3]  xxx.  477.)— Bron 
acta  on  ethylamine  lu  the  same  manner  a«  chlorine,  and  with  considerable  \*2olence,  sa* 
that  it  is  necessary  to  add  the  bromine  drop  by  drop,  and  cool  the  liquid  with  ice. 
The  p;reater  part  of  the  reaidting  dibroraethyl amine  remiiins  dis&olved  in  the  watery 
liqnid,  only  a  small  portion  settling  down  in  the  form  of  an  oil  as  the  action  approaehes 
ita  terminafion.  The  dissolved  portion  may,  however,  be  extracted  by  agitating  with 
ether,  and  evaporating  the  ethereal  solution.  The  product  is  an  oily  liquid  baring 
an  orange-red  colour  arising  from  a  slight  excess  of  bromine,  which  may,  however, 
be  removed  by  agitation  with  weak  potaah.  It  is  hearier  thun  water,  and  has  a  pun- 
gent odour. 

DDfioDKTHTT^AMiNii.  CH^I'N,  (Wtirtz,  Aiin.  Cb.  Phys.  [3]  xxx.  478.)— Iodine 
introduced  into  an  aqueous  solution  of  ethylamine  exerts  an  immediate  action,  attended 
with  rise  of  temperature,  producing  bydriodate  of  etliylamine,  and  a  blmah  black  liquid 
which  is  diniodethylamine.  This  compound  decomposes  when  diAtilled^  giving  oft 
rapours  of  iodine^  and  conseqEcntly  has  not  yet  been  obtained  in  a  state  of  purity. 
It  ia  soluble  in  alcohol  and  ether.  Caufttic  potash  decomposes  it  gradually,  fbrming 
iodide  of  potasaium^  a  small  quantity  of  iodate,  and  a  yellow  crystalline  leaidue, 
the  composition  of  which  has  not  been  ascertained- 


Uletli  jlomln  e* 


C*H'iN  ^  NJ^^^'^'.    (A.  W.  Hofmann,  Phil.  Tnma.  1850, 


p.  120;  Chem.  Soci  Qn.  X  iii.  300.)— This  compound  ia  produced  :  1.  As  hydrobromata 
by  heating  an  aqueous  solution  of  othylamine  with  bromide  of  ethyl  in  sealed 
tubes  (CH^N  +  C*H*Br=C*H»N.HBr;,  and  nwy  be  obtained  in  the  tree  state  by  dia- 
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tiOation  with  potash. — 2.  As  a  hydriodate,  togetherinth  the  corresponding  compounds 
of  the  other  ethyl-bases,  by  heating  iodide  of  ethyl  with  ammonia  in  sealed 
tabes,  and  may  be  separated  by  Hofmann's  method  already  described.  The  liquid 
diethyloxamate  of  ethyl  is  separated  from  the  crystalline  diethyloxamide  by  the  method 
described  on  page  555,  and  tnen  distilled.  The  boiling  point  quickly  rises  to  260^  C, 
and  the  liquid  which  passes  over  at  that  temperature  yields  diethylamine  by  distillation 
with  potash: 

N({?H«)«(gW-jo    ^  2KH0  -  NJC^H*)*  +  (C^Tjo.  ^  C^*|o. 

DlethyloxAinate  of  Dlethylamina         Oxalate  of  Alcohol, 

ethyl.  potassium. 

3.  Nitrate  of  ethyl  heated  with  ammonia  yields  a  mixture  of  ethylamine  and  di- 
ethylamine, which  may  be  separated  in  the  manner  described  on  pp.  555, 560.  (Carey 
Lea.) 

Diethylamine  is  a  volatile,  inflammable  liquid,  boiling  at  57^  C,  very  soluble  in 
water,  and  having  a  strong  alkaline  reaction  (Hofmann).  With  metallic  aalts,  it 
acts  fbr  the  most  part  like  ethylamine,  but  it  is  distinguished  therefrom  by  three  re- 
actions :  1.  It  does  not  precipitate  a  solution  of  protochlaride  of  palladium. — 2.  The 
precipitate  which  it  forms  with  sinC'Salts  is  not  soluble  in  excess  of  diethylamine.— 
3.  Added  in  large  excess  to  a  solution  of  mercuric  chloride,  it  forms  a  precipitate  which 
is  not  soluble  in  acetic  add,  whereas  the  precipitates  formed  in  like  manner  by  ethyl- 
amine and  by  ammonia,  dissolve  easily  in  that  acid.     (Carey  Lea.) 

Iodine  acts  on  diethylamine  in  the  same  manner  as  on  etnylamine,  forming  an  oily 
substitution-product  Nitroua  acid  acts  upon  it  in  the  sa^e  manner  as  on  ethylamine. 
(Riche,  Ann.  Ch.  Pharm.  cxL  91.) 

N.(C«H»)«.H      +      3HN0«      «      2C«H*N0«      +      2H«0      +      N». 
Diethylamine.  Nitrous  Nitrous  ' 

actd.  ether. 

With  cyanate  of  ethyl  it  forms  triethylcarbamide  (Hofmann,  Compt  rend.  Uv. 
252). 

N.(C«H*)».H      +      N.(CO)"C«H»      «      m(CO)''.(C^»)»H. 

Dicthylaaiine.  Cyanate  of  ethyl.  TrlethyUcarbamide. 

For  the  reaction  of  diethvlamine  with  dibromide  ofethylerUt  see  Ethtlbnb-Basbs. 

The  salts  of  diethylamine  are  not  much  known,  the  chloroplatinate,  C^H"N.Cl.PtCP, 
is  moderately  soluble,  and  crystallises  in  orange-red  crannies  (Hofmann).  Welt- 
zien  obtained  large  orange-yellow  shining  cxysttus,  which,  according  to  J.  Miiller,  be- 
long to  the  monoclinic  system. 

THetbylamlne.  C«H'»N  =  N(C«H»)«.  (Hofmann,  loe.  «<.— Carey  Lea, 
Chemical  News,  vi.  142  ;  R^p.  Chim.  pure,  1862,  p.  446.)---Produced :  1.  By  heating 
diethylamine  with  bromide  of  ethyl,  and  distilling  the  resulting  bromide  of 
triethylammonium  with  potash. 

2.  By  the  action  ofethylate  of  potassium  or  sodium  on  cyanate  of  ethyl, 
precisely  as  ethylamine  is  produced  from  hydrate  of  potassium  and  cyanic  ether: 

N.(CO)".C»H»  +  2C'H»K0  -  N.(C*H»)»  +  (CO)''.K«.0. 

The  materials  are  digested  together  for  several  hours  at  a  moderate  heat,  and  then 
distilled  in  a  sand-bath.  The  strongly  alkaline  distillate,  saturated  with  hydrochloric 
acid  and  evaporated,  yields  a  residue  from  which  pure  triethylamine  may  be  obtained 
by  distillation  with  potash.  The  cyanic  ether  and  the  sodium-alcohol  must  be  perfectly 
anhydrous,  otherwise  the  chief  product  of  the  reaction  will  be  ethylamine ;  but  even 
when  water  is  altogether  absent,  a  different  reaction  sometimes  takes  place,  attended 
with  the  formation  of  triethylcarbotriamine  (p.  560). 

3.  Iodide  of  triethylammonium  is  obtained^  together  with  other  iodides,  by  heating 
iodideof  ethyl  in  a  sealed  tube  with  ammonia.  The  product  distilled  with  potash 
yields  a  mixture  of  ethylamine,  diethylamine,  and  triethylamine,  which  may  be  sepa- 
rated by  means  of  oxalic  ether  as  described  at  p.  555.  The  triethylamine  not  being 
acted  upon,  passes  over  by  simple  distillation.    (Hofmann.) 

4.  Nitrate  of  ethyl  heated  in  sealed  tubes  with  ammonia  alwavs  yields  a 
certain  quantity  of  triethylamine,  together  with  ethylamine  and  diethylamine,  and,  by 
proceeding  as  follows,  the  proportion  of  triethylamine  may  be  considerably  increasea. 
A  mixture  of  3  volumes  nitrate  of  ethyl,  3  volumes  strong  aqueous  ammonia,  and 
2  volumes  absolute  alcohol,  is  heated  to  100^  C.  in  a  sealed  tube  for  four  hours.  The 
contents  of  the  tube  are  then  exactly  saturated  with  nitric  acid,  and  evaporated  over 
the  water-bath ;  the  pasty  mass  is  dissolved  in  4  volumes  of  absolute  alcohol ;  the 
solution  is  distilled  with  a  considerable  excess  of  caustic  soda ;  the  distillate  is  received 
in  a  mixture  of  8  volumes  nitrate  of  ethyl  and  2  volumes  alwolnte  alcohol  surrounded 
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hj  a  fireedng  mixtiire  ]  and  tlio  liquid  thus  satuFAted  with  the  olkalijic  Tapotir  ts  iti* 
trodnced  into  Bt'akd  ttibes  and  lu*ut<-<i  in  a  wuter-bath.  This  mixle  of  proce^ing 
yichlNu  product  in  which  the  {jroportion  of  ethylarainc  i«  very  smtdl.  and  of  the  re- 
mainder tho  difithylamine  conatitutes  tliree-fourths,  the  trit-thykmine  oue-fonrth. 
To  sepamte  these  biisea,  thej  arc  coov^rt(?d  into  pionit**?,  the  picmtes  of  ethylttminw 
and  triethylaniine  erystallismg  ont  in  ueedJes,  and  the  picrdtt>  of  dietliylamine  aftiir- 
wards  sepamting  aa  a  hcary  oil.  The  cryBtalline  picrat^^B  of  tho  two  hisea  aro 
distilled  with  an  alkali;  the  v:ipoiirs  condensed  in  wat^r,  and  the  solution,  tift<*r 
modemte  concentration,  is  agitatefl  with  t*n  times  it«  Tolume  of  ether,  which  takas 
up  the  trietbylamine,  leaving  the  ethylamine  dissolved  in  the  water.     (Carey  Lea,^ 

6.  Trieth)"tamine  is  given  off^  topethtr  with  ethylene  and  wat^r,  in  the  docoiuptssition 
of  hyilrato  of  tetp«5thylammomum  by  heat,     (Hofmann.) 

Tri ethyl jitaine  is  a  colourless,  strongly  alkuline  liquid,  iuflammsble,  huritig  an 
agreeable  ainmouiacal  odotir;  it  is  but  sparinply  Boltiltle  in  water^  and,  when  the  quan- 
tity of  water  present  is  not  sufficient  to  diaiiolve  it,  floats  on  that  liquid  like  an  oil. 
(Hofmann  J  Lea.) 

The  aqueous  solution  forms  with  salts  of  rirtonium^  fjhtcinum,  cadmium,  and  rinc^ 
white  precipit^t<?fl  ineohible  iu  excpsa;  with  a/itmi«i«7w-salts,  a  precipitate  cii^ily 
Bolnble  in  excess.  It  f  jrms  a  green  prt^cipiUite  with  nkkd  salts,  greenish-blue  wJtu 
cohaii  salts,  white  with  itannoiuf  w*lt«,  brown  with  nitrate  of  aitv^r^  reddish-brown 
with pmtachforid^  of  antinwni/,  yellow  with  uranic  salts,  yeUo wish-whit©  with  salts  of 
fjurrctiry,  greyish  with  salts  of  in^^n^  blue  with  c(^>per  salts,  white  with  salt*  of  maqnt- 
Jttmn  and  cerium, — all  these  precipitates  being  insoluble  in  excess  of  the  alkalL  ^'ith 
atannio  chloridr  it  forms  a  precipitate  soluble  in  excess  of  the  alkali;  with  arrtntt  of 
lead^  a  precipitate  insoluble  in  excess  of  the  alk^di,  but  soluble  in  excess  of  the  lead 
■alt.  it  d(K«  not  precipitate  the  salts  of  platinum  or  paltadhtm.  With  trichloridr  of 
ffoid^  it  fbnns  a  yellow  precipitate  insolnble  in  excess,  and  blwekening  nipidlj,  fn>ra  for- 
TOation  of  protoxide  of  gold,  the  reduction  being  attended  with  evolntion  of  uldehydf 
This  is  the  most  characteristic  reaction  of  trietliykmine.     (Carey  Lea.) 

Htfdrobromatc  of  Trifthf/litmine  or  Bromide  af  Trktk^iammtmium  CfjstaUisetf  i 
beautiful  fibrous  cjystals  several  inches  long.     (Hofroann,) 

The  k^droehlo^raif  crj^stallises  in  white  laminae;  it  is  not  deHquefloeat^  T^iy  inflam*] 
mablc,  volatilises  easily  without  decomposition.     (Carey  Lea,) 

The  cMitroplatinate^  C'fi'*NClPtC!^  is  very  soluble  in  water,  and  crrstallises  om\ 
cooling  from  strong  solutions  in  splendid  orange-red  rhombic  cryntals.     (Hofmanu.) 

The  nitrate  does  not  crystallise,  but  remaina  in  tho  form  of  a  thick  syrup,  when  iti! 
solution  is  evaporated  in  vaeuo.      The  aulpkat*  is  Tery  soluble  in  water  and  alcohol ; 
by  evaporation  in  \*iiciio  it  is  obtained  as  a  confused  cryatAlline  maaa.   Itfbrma  a  double 
salt  with  Bulpb:ite  of  zinc.     (Carey  Lea.) 

TiiethytcarliotHamttie,  C'H"N»  =  N*|C"'*(C*H*)«H*\  ;    or    TrletHyleyiuio- 

dlamliie,N'{CN.(C*IP)".H-L  (Hofmann,  Proc,  Roy.  Soc.  xi.  281)— Not  known  ii^J 
the  Hcpurate  state,  but  obtained  as  a  hydrate,  C'H'N'O  ^  C*H'^N'.H'0,  by  hentin^ 
ethykte  of  sodium  with  cyanurate  of  ethyl  (sometimes  also  with  the  ejanutei,  thi 
et  by  late  of  flodiufn  bWug  then  resolved  by  the  heat  into  ethylene,  CFII*,  whieh  t«ejm<^ 
and  hydrate  of  sodium,  which  acts  on  the  cyannric  ether  in  the  mamier  represented  ))g 
the  equation  \ 

C"H'*N»0»  +  4NaH0  =  2Na»CO«  -f-  C^H^N'O 

The  reaction  actually  takes  place  by  Beveral  stages^  aa  already  explaint^d  (p.  6d3). 

Hydrate  of  triethylcarbotriamine  is  a  liii^ic  oil,  which  neutralises  acids,  formiB 
dt^finite  salL^.  The  ^/nM-jfft/t,  C'H^^N'.HCLAuCP  and  the  pfatinum-»alt,  C^U"N',HC 
ItCl*  hav^  been  analysed.     The  iodide  forms  splendid  crystals. 

The  hydratetl  bsse,  whieh  may  iilso  be  regarded  as  frictht/tcarhonyl^tfiamin^  ia  i 
aolfed  by  distillation  into  ethylamine  and  diethylcarbamide : 

CO  f™„.  f      db 


H* 


I      H* 


JQst  as  guanrdine  (ftirbonyl-triamiae)  is  resolved,  under  certain  ciitunistancea,    into 
ammoniii  and  carbamide  (urea) : 


N' 


NH" 


■"! 


CO 
H«' 


(CO 

BletbyUtmrlanitiie.  en^'N  ^  N(C*H*)IC*H"  (Hofmann,  Chcm.  St»e,  Qu.  J. ' 
jv.  :J15).— t>hUiLned  to^clhLr  with  water  and  cthyl*^ne-gas  by  the  dry  distUlatian  of 
hydrate  of  CnethylnmyLiramQuium  (p,  503).     It  is  an  oily  liquid,  heavier  than  wa^cr. 
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Utter,  and  having  a  not  unpleasant  odour.  Boils  at  154^  C.  Soluble  in  water.  The 
svlpiate,  ht/drocnlorate,  nitrate,  and  oxalate  crystallise  easily  but  are  deliquescent 
The  chhroplatinate  crystallises  in  orange-yellow  needles  of  extraordinary  beauty. 

Tetretbiylainmoiiliim.  C*H~N  -  N((?H*)*.  Tetrtthylium,  (Hofmann,  Phil. 
Trans.  1861,  p.  867 ;  Chem.  Soc.  Qu.  J.  iv.  804.^ — This  compound,  which,  like  am- 
monium itself,  is  not  known  in  the  free  state,  is  obtained  as  an  iodide  or  bromide  by 
the  action  of  iodide  or  bromide  of  ethyl  on  triethylamine: 

N(C«H»)«  +  (?H»I  -  N(C«H»yi. 

Iodide  of  ethyl  acts  quickly  with  the  aid  of  heat,  the  bromide  slowly. 

The  iodide  or  bromide  treated  with  moist  oxide  of  silver,  yields  a  strongly  alkaline 
■olution,  containing  the  hydrate  of  tetrethylammonium,  and  this,  when  treated  with 
acids,  yields  the  other  salts.  The  bromide,  chloride,  iodide,  carbonate,  nitrate,  phos- 
phate, and  sulphate  are  all  crystalline.  The  orthophosphate  (C*H»N)*PO^  is  strongly 
alkaline. 

Bromide  of  Tetrethylammonium  forms  white  opaque  granular  crystals. 
(Hofmann.) 

The  chloride^  obtained  by  neutralising  the  solution  of  the  hydrate  with  hydro- 
chloric acid,  forms  double  salts  with  the  chlorides  of  gold,  mercury,  and  platinum. 

Chloro^aurate,  OH^NCl. AuCl*. — Lemon-yellow  precipitate  obtained  by  mixing 
the  solutions  of  the  two  chlorides.  DissolTes  but  sparingly  in  cold  water  and  in 
hydrochloric  add. 

Ckloromercurate's, — a.  C*H*^NCL6HgCL  White  crystalline  precipitate,  soluble  in 
water  and  in  hydrochloric  acid,  especially  at  the  boiling  heat.  From  the  boiling  solu- 
tion it  s^arates  in  plates  having  an  unctuous  appearance.     (Hofmann.) 

b.  (?BP»Na.H^L—  Obtained  by  decomposing  the  yellow  crystals  C'^H^N^Hg^P 
(pp.  638,  665),  with  oxide  of  silver,  neutralising  the  resulting  alkaline  liquid  with 
hydrochloric  acid,  and  evaporating.    It  forms  white  crystals.     (Sonnenschein.) 

Chloroplatinate.  C"H«"NCLPtCl*.— Bichloride  of  platinum  added  to  chloride  of 
tetrethylammonium,  immediately  forms  an  orange-yellow  precipitate,  resembling  the 
corresponding  potassium  and  ammonium-salts.  Slightly  soluble  in  water ;  less  soluble 
in  alcohol  and  ether.    May  be  crystallised  in  beautiful  octahedrons.    (Hofmann.) 

Hydrate.    C«H«NO  ^  '^(^^*^*|o.— Prepared  by  decomposing  the  iodide  with 

oxide  of  silver.  The  solution  of  the  iodide  is  gently  heated,  and  recently  precipitated 
oxide  of  silver  added  in  small  portions  with  agitation,  till  the  resulting  iodide  of  silver 
assumes  a  permanent  yellow  colour.  The  liquid  filtered  from  the  silver-precipitate  is  a 
solution  of  the  hydrate  of  tetrethylammonium.  It  may  likewise  be  obtained  by  decom- 
posing the  sulphate  with  baryta ;  but  this  process  is  not  so  good  as  the  preceding,  on 
account  of  the  difficulty  of  getting  rid  of  the  excess  of  bairta  or  of  sulphuric  acid. 
The  alkaline  solution,  evaporated  in  vacuo  over  sulphuric  acid  and  lime  yields,  after 
some  time,  long  hair-like  needles  which  are  extremely  deliquescent  and  attract  car- 
bonic acid  rapidly  from  the  air.  By  remaining  longer  in  vacuo,  the  crystals  disappear 
again,  and  the  liquid  dries  up  to  a  semi-solid  mass,  which  also  deliquesces  and  attracts 
carbonic  acid  rapidly. 

The  solution  of  this  compound  is  strongly  alkaline,  and  has  the  pungent  bitterness 
of  quinine.  In  the  concentrated  state,  it  bums  the  tongue  and  acts  on  the  epidermis 
like  caustic  potash  or  soda ;  rubbed  between  the  fingers,  it  excites  the  well-known  sen- 
sation produced  by  the  fixed  alkalies,  and  the  same  peculiar  odour.  It  saponifies  fats 
as  readily  as  potash,  converts  furftirMnide  into  furfurine,  and  decomposes  oxalic  ether 
into  oxalic  aad  and  alcohol.  With  metallic  solutions  it  behaves  like  caustic  potash, 
excepting  that  hydrate  of  alumina  is  less  soluble  in  it,  and  hydrated  chromic  oxide 
quite  insoluble. 

A  moderately  concentrated  solution  of  hydrate  of  tetrethylammonium  may  be  boiled 
without  alteration,  but  at  an  advanced  state  of  the  evaporation,  decomposition  sets  in, 
even  at  the  temperature  of  the  water-bath,  the  residue  intumescing  strongly,  and  being 
gradually  but  completely  resolved  into  water,  triethylamine  and  defiant  gas : 

C»H»N.H.O  -  H«0  -I-  C«H"N  +  CH*. 

The  solution  of  the  hydrate  boiled  for  about  24  hours  with  iodide  of  ethyl  in  a 
flask  provided  with  a  condensing  tube,  so  that  the  volatilised  products  may  be  con- 
densed and  run  back,  becomes  perfectly  neutral,  and  is  converted  into  alcohol  and 
iodide  of  tetrethylammonium : 

C"H»N.H.O  +  C«H»I  -  C«HH)  -h  C"H»N.L 
Vol.  II.  0  0 
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A  cODcenbftted  solution  of  the  hJ(l^at<^  mixed  with  an  alkuUo^  solutioa  of  iodide  of 
potasaiiun.  jidda  &  OTSt&Uine  precipitate  of  iodide  of  tetroUijkmmoiiixim ;  tkii  eSedi 
u  due  to  tli«  inAolubiMty  of  the  lutter  Bubst^mee  in  alkftline  liquids. 

Iodides  of  TetreihylammoniufTL — (k  Protiodide,  C'H=*NL  When  perfectly 
anhydfotia  iodide  of  ethyl  is  added  to  tneth^luiiin«^  dried  OTcr  hydrate  of  potafidiomi 
the  miJtturo  becomes  slightly  tiirbid*  hent  being  evolved  at  the  same  time.  The  action 
goes  on  but  slowly  at  ordinary  temperatures,  the  mixture,  after  eereral  days,  being 
oonverted  into  a  solid  maas ;  but  on  exposing  the  mixture  for  a  minute  or  two  to  the 
temperature  of  boiling  water,  &  DowerM  reaction  enBuea,  the  liquid  remaining  for 
some  time  in  a  state  of  brisk  ebullitioDf  even  aft*r  remoral  of  the  heat,  and  solidifying 
OR  cooling,  into  &  batd  niasi  of  ciTitalB,  wKteh  is  snow-white  or  yellowifih,  aceordiog 
as  the  triethjlunine  or  the  iodide  of  ethyl  is  in  exceea.  To  avoid  ]os8  of  triethvla- 
mine^  it  ia  belt  to  heat  the  mixture  in  sealed  tubes.  On  disisolviiig  the  crystaJlino 
mnss  in  cold  water  and  leaving  the  solution  to  evaporate  apontaneoualy,  the  iodide  is 
obtained  in  beantlfhl,  well-denned,  white  crystals,  of  consiaenible  size,  which  may  be 
separated  by  mechaiiucal  meana  from  smalt  quantities  of  a  reddish  iodine- compound 
flometimes  formed  by  the  action  of  the  air.  Thia  latter  substance  is  formed  in 
much  larger  quantity  at  hieher  temperatures^  for  which  reason  it  ia  beat  to  avoid  the 
use  of  hot  water  in  the  pun£eation  (vid.  infra). 

The  crystals  are  anhydrous,  and  do  not  diminish  in  weight  by  exposure  to  the  tem- 
perature of  boiling  water.  When  rapidly  heated  to  a  higher  temperature,  they  fuae^ 
and  are  decomposed  into  triethylamine  and  iodide  of  ethyl,  which  form  two  layers  in 
tlie  receiver,  but  quicWy  unite  and  reproduce  the  originiU  compound. 

The  aqueous  solution  mixed  with  caustic  potash  soEdifica  at  once  to  a  crystalline 
man  ^roiitfifting  of  the  iodide  itself,  which  is  less  soluble  in  alkaline  liquids  than  in 
pnre  water.  With  nitrate  or  sulphate  of  eilver^  it  yields  iodide  of  silver,  and  a  solu- 
tion of  nitrate  or  sulphate  of  tetrethylammonium*  With  oxide  of  silver  it  yielda  a  solu- 
tion of  the  hydmted  oxide  of  tetrethylnmmonium. 

b.  Teriodidf.  When  iodide  of  ethvl  is  heated  for  some  time  with  alcoholic  ammonia 
in  such  a  manner  that  the  volatilised  portions  niiiy  ojndense  and  run  buck  u^ain^  a 
liqtiid  is  formed  t!ontaining  iodide  of  ammonium,  and  the  iodides  of  the  four  etaylam* 
moniums  ;  and  this  liquid^  when  exposed  to  the  air  for  about  a  month  (whereby  the 
iodide  of  ammonium  is  decomposed  and  iodine  set  free),  yidds  teriodido  of  tctrethyl- 
ammonium  in  large,  skining»  dark-red,  pri«cfnatic  crystals,  The  same  conipoiind  is  mora 
quickly  obtain ud  by  heating  the  liquid  with  iodine ;  it  then  sepmtei  in  smaU  needle- 
Aapeii  crystals.     (Weltzien,  Ann.  Ch.  Pharm,  Ixxxvi.  292;  xE  33.) 

Teriodido  of  tetrethylammoninra  boiled  with  aqueous  potash  is  partially  decomposed* 
giving  off  a  volatile  ethyl-baa e,  probably  triethylamino,  aiid  forming  iodide  of  potaa- 
81  tun,  iodate  of  potassium,  and  iodoform.  To  account  for  the  formation  of  these  products, 
howerer,  we  must  suppose  that  marsh  gas  is  given  off: 

3C*H*NI'  +  eHHO  -  3C-H»*N  +  4KI  +  2KI0»  +CHP  +  6CH* 

Teriodide  of  tetretbylammonium  dissolves  slowly  in  cold  water,  readily  in  boiHng 
alcohol ;  from  the  hitter  solution  it  crystallises  in  needles  airanged  in  feathery  gronpe. 
It  dissolves  in  the  iodides  of  potassium,  sodium,  and  the  ethyl-ammoniums,  and  sepa- 
rates fto/OL  these  solutions  in  large  errstals.     (Weltzion.) 

c.  Pefiodide,  The  liquid  from  which  the  teriodide  has  crystallised,  yielded,  on  di- 
lution with  water,  a  heavy,  red-brown^  oily  compound,  rich  in  iodine,  and  probaUy 
comiiating  of  a  higher  iodide  of  tetrethylammon  ium.     (Weltzien.) 

ledo  mere  lira  tf  g.     a.  C*H*XI. 6HgT. •     Obtained  by  the  two  following  processes : 

1,  Mercuric  iodide  boiled  with  a  solution  of  iodide  of  tetrethylaramonium,  is  oonrerted 
into  a  yellow  compound,  which  melts  and  collects  as  a  transparent  layer  at  the  bottom 
of  the  vessel,  and,  on  cooling,  solidifies  to  a  brittle  maaSf  having  a  crystalline  fracture, 

2.  Iodide  of  tetrethykmmonium  mixed  with  a  large  excess  of  mercuric  chloride  forms 
a  whitish  crystalline  precipitate,  which  is  a  mixture  of  the  iodomercorate  with  a  large 
qtiantity  of  the  corresponding  chlorine- compound  i 

eC'^H^Nl  +  lOHgCl  -  C?H*NL6HgI  +  5{C'H«NCLHgCl). 

By  boiling  with  water  the  latter  is  removed,  while  the  iodine  compound  remains, 
(Hofmann.) 

k  C'H^'NLaHgL    Produced  by  the  action  of  trimercuramine  on  iodide  of  othyh 

NHg*  +  4Qm'l  «  (C'H*)*NI.3HgI 

YoUow  crystals  which  dissolve  somewhat  readily  in  alcohol^  and  are  not  decompoied 
by  water.  {E.  Muller,  Ann.  Ch,  Pharm.  cviii.  6.) 

•  lis  »  100. 
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e,  (?H*NI.2HgL  Produced  by  the  action  of  metallic  mercury  on  teriodide  of  te- 
tretbyUunmonium. 

(C«H»)<NI»  +  Hg«  «  (C«H»)*NI.2HgI. 

The  compound  diBSolves  sparingly  in  water,  more  easily  in  hot  alcohol,  from  which  it 
separates  on  cooling  in  light  yellow,  shining,  scaly  crystals.  (H.  Bisse,  Ann.  Ch. 
Pharm,  cvii  224.^ 

A  compound  of  mercuric  iodide  with  iodide  of  teireihylammonium  and  iodide  oftner- 
ewroMretkylanmonium^ 

0»«H»N»Hg«I»  -  C»H»NLC^"HgNL7HgI. 

is  produced,  together  with  several  others,  by  the  action  of  iodide  of  ethyl  on  chloride 
of  dimercurammonium  (white  precipitate),  NH*Hg*Cl  (p.  636).  It  forms  yellow 
crystals,  which,  after  being  purified  by  washing  with  warm  absolute  alcohol,  resemble 
mosaic  gold,  and  appear  under  the  microscope  as  cubes  with  octahedral  and  dodccahe- 
dnl  faces.  They  are  decomposed  by  sunlight,  with  separation  of  mercury ;  melt  at 
160^  C,  and  decompose  at  higher  temperatures.  They  are  insoluble  in  water,  alcohol, 
and  ether. 

Iodide  of  potassium  and  iodide  of  tetrethylammonium  dissolve  the  yellow  compound 
for  the  meet  part,  with  separation  of  metallic  mercuiy  ;  nitric  acid  separates  mcrcurio 
iodide.  Its  solution  in  hot  hydrochloric  acid  yields  greenish-yellow  silky  crystals. 
Chlorine  and  bromine  separate  all  the  iodine  after  some  time,  forming  crystals  with  a  jetty 
lustre^  resembling  naphthalin.  When  the  yellow  crrstals  are  heated  with  recently  pre- 
cipitated oxide  of  silver,  iodide  of  silver  is  formed,  together  with  a  strongly  alkaline 
Hquid,  which,  after  the  excess  of  silver  has  been  removed  by  sulphuretted  hydrogen, 
contains  hydrate  of  tetrethylammonium.  But  if  the  alkaline  solution  is  neutralised 
with  hydrochloric  acid,  without  previous  treatment  with  sulphuretted  hydrogen,  and 
evaporated,  white  crystals  are  obtained  consisting  of  the  compound  (CH')*NCLHg01 
(p.  661). 

Trietbylamylaiiiinoiiliiiii.  C'BMNT  =  N(C»H«)«C»H".  (Hofmann,  Chem. 
Soc  Qu.  J.  iv.  313.)—The  iodide  obtained  by  the  action  of  iodide  of  amyl  on  triethyl- 
amine  forms  fine  crystals  having  a  fatty  lustre,  unctuous  to  the  touch,  very  soluble  in 
water  and  alcohol,  insoluble  in  ether.    The  solutions  have  the  bitter  taste  of  quinine. 

The  hydrate,    ^^  H     ( ^'  obtained  by  heating  the  iodide  with  moist  oxide  of 

silver,  forms  an  alkaline,  very  bitter  solution,  which,  when  evaporated,  yields  a  non- 
crystallising  syrup.  By  distillation  it  is  resolved  into  water,  ethylene,  and  diethyl- 
amylamine : 

N((?H»)\C»H»)|q    „    hK)    +    CH*  +  N.(C»H7C»H". 

The  hydrocMoraie  forms  deliquescent  laminte.  The  chloroplatinate  separates  from  a 
boiling  aqueous  solution  in  splendid  orange-yellow  needles.  The  nitrate  forms  hard 
needles.  The  auiphate  and  oxalate  are  obtained  in  gummy  masses  by  evaporation  in 
vacuo. 

For  bases  containing  ethyl  together  with  methyl  and  phenyl,  see  Msthylaminbs 
and  PHsinxAiciifss. 

Ammonium^bases  produced  by  the  action  of  Chtoracetie  Ether  on  TSriethylanUne, 

THetbjrl-oxetbsrUuietjUunmoiiliim.  C>*H»0^  «  N  | (nm^W)0*  '-^^^^^ 
a  mixture  of  triethylamine  and  chloracetic  ether  [C«IP(C?H»)C10«]  is  heated  to  100^  C. 
in  a  sealed  tube,  a  small  quantity  of  gas  burning  with  a  green  flame  is  given  off;  and 
chloride  of  tetrethylammonium  is  formed,  together  with  uie  chloride  of  triethyloxethy- 
lacetylammonium,  that  is  to  say,  an  ammonium  in  which  three  at  H  are  replaced  by 
3  at  ethyl  and  the  remaining  1  at  H.  by  a  complex  molecule  containing  the  elements 
of  chloracetic  ether  minus  the  chlorine. 

On  adding  dichloride  of  platinum  to  the  solution  of  these  chlorides,  the  chloroplati- 
nate of  the  complex  ammonium-molecule,  being  slightly  soluble,  easily  separates  from 
the  platinum-saJt  of  tetrethylammonium,  which  is  veiy  soluble.  Treated  with  sulphy- 
dric  acid,  it  yields  the  chloride  of  the  complex  ammonium,  which  is  very  deliquescent 
The  gold-salt  crystallises  in  needles  which  melt  at  100®  C.^ 

THetby^-ozaoetjIaiiimoiiliiiii.  C*H"0*N  »  N  |  ^^^!  —The  preceding  chlo- 
ride, treated  with  oxide  of  silver,  yields  chloride  ef  silver  and  an  alcoholic  solution  that 
deposits  a  ci^stalline  substance,  which,  though  perfectly  neutral,  unites  with  nitric  and 
hydriodic  aads,  forming  w^  defined  salts.    These  salts,  however,  belong  to  another 
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series,  difiermg  from  the  preceding  hy  containing  an  atom  of  hydrogen  in  place  of  etJiyl 
—  a  differenco  which  ia  shown  hy  tho  eliniinjition  of  alcohol  during  the  reactioii* 
Hence  th«?s©  salts  are  not  UtreihyliCt  like  the  preceding,  but  fm  thy  lie* 

Tho  chl^yroptaUnaU,  [N.(C''H*)^C'B*0«)]Cl.PtCP,  forma  splendid  rhomhoVdal 
prisma.  The  ekloroaurate  cits  tall  ise»  in  neeolas,  moderately  soluble  in  boiling  water. 
The  mtrate  is  ftoluble  in  alcohol,  and  is  precipitated  feom  tho  aolntion  by  ether  in  fine 
UEtedles.  The  iodide  ivtrmtt  crystats  Tcry  solnbla  Id  water,  and  baTiog  tho  composition 
[N/C*H*)»(C''pO')]LC*H"Nb» 

The  cr)'stalline  fiubstance  whiehpemaina  after  the  treatment  of  the  tetrethylic  chloride 
(»e©  alx)Te)  with    oxide  of  silver,  ia  perhaps   the   nionatomic  base,   C*H^*NO'  = 

\         T'l  M  o^    j^  £g  possible,  howerer,  that  this  eompotmd  may  split  tip  it 

tbo  tnomenl  of  ita  formation,  and  that  the  crystiik  contain  1  at.  water  leas,  having 
therefore  the  composition  CH'^NO',  this  being  tho  molecule  which  enters  into  tho 
competition  of  tho  iodide  just  mentioned.  On  this  hypothesis,  tho  compound  in 
question  would  be  triethylic  glycocol: 

it  is  known,  indeed,  that  glycocol  itself  has  a  tendency  to  form  compounds  similar  in 
composition  to  the  iodide  above  mentioned,  one  of  them  being  represented  by  the 
formula  (C=H-NO')C1.C'-'H^NO=. 

The  triethylic  compound  is  not  attacked  by  potash,  by  boiling  nitric  iferid»  or  by 
nitrous  acid.  When  heated,  it  yields  charcoal  and  a  strongly  alkklinc  liquid,  which  is 
not  trie  thy  lamino.  (Hofmann,  Proc  Boy.  Soc.  xL  526*  Ii6p»  Chim,  puro^  1862; 
p.  19G). 

lSX&irZfAZl£MOlffriniE»     See  Ethylailotbs. 

See  Etktl  (p.  526). 

C«H»0*v 
.cm.    C"H«0'    =  C»H^»    for— Obtained  bjsatti- 

rating  a  miiture  of  amyleitric  acid  [(C^H*0*)'^.C*n".H' O"]  and  absolate  alcohol  with 
hydrochloric  acid  gas,  then  evaporating  the  alcohol  and  excess  of  hydpochl(mc  acid, 
washing  with  aqueous  carbonate  of  eoaium,  dissolving  in  ether,  and  a«ooloriaiii^  with 
animal  charcoal,  as  ft  oolooi'leM  vympy  liquid,  having  a  very  bitter  taate  and  aeid  r^ 
action.     (Breunlin,  Ana.  Ch,  Pharm.  xci  323.) 

STBTLAJIKIZXXC  ETSEX.     Se«  AiCTL,  OxiBB  of  (i.  20S). 

E^HTii-BASfiS.    St'o  Kthtlamines,  Etktl- a^sikbs,  ETnTL-FSOSiPHDrBS,  &e. 

ISTBTIf-aSlf  £T^£A3mWE.     Seo  BfiNZBTHTLAJONB  (i.  576). 

ETST^-BKOMAlffXIinnL  ^  Beo  PMENTULUnfB,   DEmVATTYES  OF. 

ISTH7Xt-Hirm»lG  ETHEH.     See  Etiox,  Oxidh  of  (iL  543). 
ETHTXi-CACO^Tl&-     Syn.  with  Arsembiethtl  (L  397)» 
ETHTX.-CAEB^BiIC    ACZB    and    ETg YE-C  A  »H AlOPgg.       See  Cab- 

BAikii€  Aciu  (i,  751  )j  and  C^iUiJdEDB  (i.  764). 

STBTX*CHX»OSAll'll&zirE,    S^e  FK«?nrLAicncB,  DuRrvATtTis  of. 
ETBTE-eOBEXlTB  and    STSTl-COirzirE.      See   Cu£)SDia  (L1068).  aod 
CuJTLVE  (ji,  6), 

BTSTE^CTAWAJmDE.     Syn,  with  CTijniTaYLAMiDB  (iL  190). 
BTHTE-CTASTiUS'XI&TirE,     St^  PH:EiorLAmNB,  DKurvAnna  OF, 
ZTBTE«DXiiGETilJVC33>£*     Beo  EruiTLACfiTJLUiDS  (ii.  532). 
ETHTE-ElTHXOlinc  B^CXH.   3yn.  with  ethyl'sulphurous  acid.  (See  Sulfhtj^ 

OUS  ETREJIS^) 

ETHTXi-C AJtS AMIHESi  or  Eihyl-urea a, — Tl^ese  eomponnds,  derived  from 
carba^midL*,  or  ur<'a,  Ni  C'|)".H*,  by  tho  substitution  of  ethyl  for  the  whole  or  part  of 
tho  hydrogen^  have  already  been  partly  described  under  Cabbamiiik  (i-  754).  The 
following  additional  statements  have  been  recently  published  by  Wnrtz  (R^p.  Chim. 
pure,  1862,  199)  and  Hofmann  (Proc,  Boy.  Soc.  xi.  273 ;  Compt  rend>  liv.  262). 

Eihyt^carbamide,  N'.(CO)^C*H*-H'. — Ciystallises  in  oblique  rhomboldal  prisms 
haring  the  obtuse  edgea  truneated.  Melts  at  92°  C.  By  dry  distillation  it  gives  off 
ammonia  and  a  small  qnantity  of  etbylamine,  and  leaves  a  residue  cotisisting  of  a 
mixture  of  cyaniiric  ethers,  '  the  chief  product  being  diethylio  cyanurate 
C«[(C'«H*)».H.]N«0"  (p.  293),    (Wurtz). 

Dicthyl-carhamide.    N\C OJ". (C^H*)MI^ — Coloorlesa,  prismatic crystala aolubls 
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in  water  and  alcohol;  from  the  alcoholic  solution  it  separates  in  silky  flexible 
nondeliqnescent  needles.  Melts  at  109°— 112-6°C.  Boils  at  263°  (corrected). 
When  boiled  with  potash,  it  gives  off  etlivlamine;  N*  (CO)".(C*H*)«.H»  +  H«0  - 
00*  +  2(N.C'H*.H').  It  likewise  gixes  off  ethylamine  when  treated  with  nitrons  add. 
When  chlorine  is  passed  into  a  solution  of  diethylcarbamide,  a  heavy  viscid  oil  is  pre- 
cipitated, partially  soluble  in  water,  and  having  a  burning  taste  and  peculiar  odour. 
Nitrate  of  diethylcarbamide  forms  rhomboi'dal  prisms,  mudi  flattened  and  extremely 
deliquescent. 

Diethylcarbamide  exhibits  exactly  the  same  properties,  whether  prepared  by  the 
action  of  cyanate  of  ethyl  on  ethylamine,  or  of  water  on  cyanate  of  etnyL     (Wurti.) 

Triethylearbamide.  C'H»«N»0  «  N«.(CO)''.(C*H»)«.H.— Produced  by  the 
action  of  cyanate  of  ethyl  on  diethylamine.     (H  o  f  m  a  n  n,  W  ur  t z. ) 

N.(C«H»)«H  +  N.(CO)''.C«H»  =  N».(CO)''.(C«H»)«.H. 

It  forma  soft  crystals,  soluble  in  water,  alcohol,  and  ether,  melting  at  63°C.,  and  distilling 
without  decomposition  at  223°  (H  o f  m  a  n  n) ;  boils  at  about  236°.  ( W u  r  t z.)  It  does 
not  appear  to  combine  with  acida,  with  chloride  of  gold,  or  with  chloride  of  platinum. 
By  the  action  of  alkalia  it  is  resolved  into  ethylamine,  diethylamine,  and  carbonic 
anhydride.    (Hofmann.) 

DiethjuUtricarhonyl'ietramide  or  -tetramine,  C'H"N<0»  «  N*.((5'0)'. 
(C'H*)*.H*. — This  compound,  which  may  bo  regarded  as  a  carbamide,  or  urea,  of  a 
higher  order,  is  produced  by  the  action  of  cyanate  of  ethyl  on  urea : 

CH«NK)     +     2C«H*N0     «     C^H"N«0«. 

It  is  sparingly  soluble  in  cold  water,  but  dissolves  easily  in  boiling  water,  and  crystal- 
lises there&om  in  beautiful  white  scales  having  a  silky  lustre.  It  is  easily  soluble  in 
alcohol  and  ether ;  dissolves  also  in  acids,  but  not  more  readily  than  in  water ;  also  in 
cold  potash,  and  is  precipitated  unchanged  from  the  solution  by  acids. 

By  boiling  with  potash,  however,  it  is  decomposed,  yielding  ammonia,  ethylamine^ 
and  carbonic  anhydride : 

N*.(CO)\C«H»)^H*  +   3HH)  -  2NH«  +   2(N.C«H».H»)  +   3C0«. 

This  compound  is  iaomeric  with  dutht/icf/anurate  of  ammonium,  C"[(C*H*)'.NH*]N*0*; 
but  it  does  not  exhibit  the  characters  of  an  ammonium-salt     (Hofmann.) 

The  hydrated  base  produced  by  the  action  of  cyanuric  ether  on  ethylate  of  sodium, 
viz.  triethyl-carbonyl-triamine,  N».(CO)".(C'H*)«.H^  (p.  662),  is  also  rehited  to 
the  ethyl-carbamides. 


C^H*  or  C*H*,  Olefiant  gas,  Bicarhuretted  Hydrogen,  Heavy 
CarbureUed  Hydroaen,  Ela^lt  Ethene,  Etkerin. — This  compound  was  discovered  in 
1795  by  four  JDutch  chemists,  Deiman,  Paets  van  Troostwyk,  Bondt,  and 
Lauwerenbur^h  (Crell.  Ann.  1795,  ii.  195,  310,  and  430  ;  Qilb.  Ann.  vL  201).  It  is 
produced  by  heating  alcohol  with  strong  sulphuric  acid  or  boric  anhydride;  and  by  the 
dry  distillation  of  formates,  acetates,  butyrates,  and  many  other  organic  bodies,  espe- 
cially fats,  resins,  caoutchouc,  wood,  coal,  &c:  it  is,  therefore,  a  constituent  of  coal-gas, 
being  in  fact  the  compound  to  which  that  gas  chiefly  owes  its  illuminating  power.  It  has 
also  been  shown  by  the  experiments  of  Berth elot  (Compt  rend,  xliii.  236)  that 
ethylene,  as  well  as  other  hydrocarbons,  may  be  formed  directly  from  inorganic  ma- 
terials, as  when  a  mixture  of  disulphide  of  carbon  and  sulphuretted  or  phosphoretted 
hydrogen  is  passed  over  red-hot  copper,  or  more  abundantly  when  a  mixture  of 
disulphide  of  carbon,  sulphuretted  hydrogen,  and  carbonic  oxide  is  passed  over  red-hot 
iron.  A  mixturo  of  ethylene  with  tritylene  and  marsh-gas  is  also  obtained  by  the 
dry  distillation  of  formate  of  barium  ;  and  as  formic  acid  may  be  produced  by  the 
action  of  carbonic  oxide  on  hydrate  of  potassium,  it  follows  that  the  ethylene  may  be 
considered,  in  this  case  also,  as  produced  from  inorganic  materials. 

Preparation. — 1.  A  mixture  of  1  vol.  strong  alcohol  and  4  voL  sulphuric  acid,  is 
gently  heated  in  a  flask  or  retort,  and  the  evolved  gas  is  passed  through  two  Woulfe's 
bottles  —  one  containing  milk  of  lime  to  free  it  from  sulphurous  acid,  and  the  other 
containing  strong  sulphuric  acid  to  absorb  the  vapours  of  ether  and  alcohoL  The 
mixture  soon  blackens,  and  froths  considerably  towards  the  end ;  the  frothing  may, 
however,  be  prevented  by  adding  a  sufficient  quantity  of  sand  to  the  mixture  to  form  it 
into  a  thick  paste.  A  very  good  way  of  conducting  the  process,  given  bvMitscher- 
lich  (Ann.  Ch.  Phys.  [3]  vii.  12),  is  to  boil  alcohol  of  80  per  cent,  in  a  flask,  and  pass 
the  vapour  into  a  boiling  mixturo  of  10  pts.  strong  sulphuric  acid  and  3  pts.  water 
(boiling  point  160 — 165®  C).  In  this  case,  the  mixturo  does  not  blacken,  and  the  gaa 
obtained  ia  fr^e  from  sulphurous  acid ;  but  it  requires  to  be  purified  from  ether  and 
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alcohol  rapour  as  before.  The  action  comists  ultimately  in  a  debjdration  of  the 
alcohol ;  C^H*0  -  H'-O  =  C'H* ;  bat  it  la  probable  that  ethybulphuric  ttdd  b  first 
fonni^d,  and  yitdda  ethylene  by  its  aabspquent  decompositioD,  C'H'.H.SO*  —   C*H*  ^ 

2.  Abflolute  alcohol  ia  mixed  with  four  timea  its  weight  of  fused  boric  anhydride, 
and  the  miiturc  gently  htiate4  lu  a  retort.  A  large  (quantity  of  ethylene  gas  is  th<^a 
©volTed,  vhich  may  bo  render&d  pure  by  mere  \raahing  with  water.  The  residue  in 
the  retort  scrres  for  a  fresh  operatioiu  The  only  in<?onveaience  of  this  naetbod  in,  that 
the  deliTcry 'tubes  are  apt  to  beeome  stopped  up  by  sohd  boric  anhydride  mechanijcally 
carried  over:  hence  it  is  necessary  to  u»e  very  wide  tubes,  {Ebelmen,  Ann,  Ch. 
Phys.  [3]  xvl  136.) 

Pm/wrf/V^.— Ethylene  ia  a  colourless  gas,  having  a  fkint  ethereal  odour;  if  quite  free 

from  1.4 her- vapour,  it  would  pnjbably  be  deatitut^i  of  odour ;  it  lb  irroapirable.     Itfl 

apecilie  gravity  ia  0  978*  (Sausaure),  answering  to  a  condenaatiou  to  3  voL  (by 

2     12+4     1 
(jalculiition,  -^— — ^ — -^—  %  0-0693  =  0*9702).    When  exposed  to  atroug  preatura,  at  a 

temperature  of  —  llU'^  d  it  condenaeato  a  limpid  liquid,  which  doea  not  solidiiy^ 

Ethylene  gas  m  nearly  inaoluble  in  waitr,  and  diBSolves  but  aparingly  in  alcofwi 
(see  Ga^bs^  ABSo:aFTigN  oi)  ;  ether  dissolves  it  more  freely.  It  ia  likewise  absorbed  by 
ciiproits  chloride. 

l)ei\>tnpositicfnji.—Kthyhne  passed  through  a  red-hot  tube  ia  resolved  into  marsh -gaa 
and  free  carbon,  O-'H*  =  GH^  +  C.  It  ia  very  inflammable,  and  huma  in  the  air 
with  a  bright  white  Aame;  probably  undergoivig  in  the  flame  the  aaxae  deoampodtion 
as  when  passed  through  a  ral-hot  tube^  so  that  the  marsh-eaa  bams,  and  the  separated 
particles  of  carbon,  being  rendered  incandescent  by  the  nigh  temperature  tiius  pro- 
duced,  give  to  the  flame  its  peculiar  brightness.  Mixed  with  a  quantity  of  orygm 
just  sufficient  for  complete  combustion,  it  explodes  violently  when  brought  in  contact 
With  flume,  or  when  an  electric  spark  ia  pa^ed  through  the  mixture.  2  vols,  ethylene, 
coatitining  2  at,  C  and  4  at  H,  consume  6  at  or  6  vol  O,  and  produe©  4  vol.  CO* 
besides  water.  In  chlorine  ffos,  ethylene  hurna  with  a  rerj  smoay  flame,  C^H*  + 
CI*  s=  4IICI  +  C,  A  mixture  of  1  vol.  ethylene  and  2  voL  ehlorine  bums  alowly 
when  eet  on  flre^  depositing  a  verv  large  quantity  of  charcoid. 

Combinations. — ^Ethyleoe  is  a  diatomic  radicle,  uniting  with  2  at  chlorine,  bromine, 
cjaaogen,  and  other  monat4>mic  radicles,  and  with  1  at.  oxygen,  ittlphur,  and  other 
diatomic  radiclea.  With  the  elementfl  of  2  at.  peroxide  of  hydrogen,  it  forms  hydrat-e 
of  ethylene,  ethyknic  alcohol,  or  glycol,  and  with  the  peroxides  of  various  acid 
radicles  it  forms  others,  which  ore  ad>d,  neutral,  or  basic,  according  to  the  proportions 
of  the  combination,  AVjth  chlorine,  bromine,  iodine,  pemitric  oxide^  and  the  cUoriJee 
of  sulphur,  it  unites  directly.  It  is  quickly  absorbed  by  sulphuric  anhyiiride,  and  by 
Norvlhaiisen  sulphuric  acid,  forming  ethionic  anhydride  (p.  .524)  and  iacthionic  acid. 
When  briskly  and  continuously  agitated  with  ordinary  strong  sulphuric  acid,  ff^SO*, 
it  unites  therewith,  forming  ethylsulphuric  acid,  C*H^O*  (Berth elot,  Ann.  Ch. 
Pharm.  xciv,  78).  Wlien  it  is  heated  for  some  time  to  100°  C,  with  hydripdic  acid, 
the  two  combine,  forming  iodide  of  ethyl,  (C"H*  +  HI  «-  C*H*I).  A  similar  action 
takes  place  M'ith  hydrobromic  acid,  but  leas  readily  ;  and  with  hydrochloric  acid  it  is 
very  slow  iudecd.     (Berthelot,  Ann.  Ch.  Fharm.  civ.  184  ;  cxv.  114.) 

BTinXBiria,  ACmAVmB  or*  (Wurta,  Compt.  rend,  xliii  109;  Aim.  Ck 
Pharm.  a.  IK);  ilnn.  Ch.  Phya.  [3]  l\\  400.  Atkinson,  PhiL  Mag.  [4]  xvi.  433; 
Ana.  Ch.  1  h;irm.  cix.  232, 

Monoacetatt.  C^H'O*  .-  c^h^  h(  ^"  ^  (C*H^)*'.C*H*0>.HO.  MonaaeeOe  glycol, 
Gfycoiic  monoacetin, — Obtained :  L  By  the  action  of  bromide  qfethykfu  oa  acetate  of 
potassium: 

C«H»0> 


C'H«Br*  +  ^[^^k[^]  "^  ^^^ 


2K:Br  +  ^.jjj^^jO    +  jjJO. 


1  pt  of  pure  bromide  of  ethylene  and  I  pt  of  acetate  of  potassium,  together  with 

2  pts.  of  85  per  cent,  alcohol,  are  heated  for  two  davB  to  10»°  C.  in  a  strong  tlask  (a 
soda-water  bottle  answers  very  wellj  securely  corked.  Bromide  of  potassium  is  then 
formed,  together  with  a  colourless  hquid  containing  monoacetat©  of  ethylene,  acetic 
add,  and  acetic  ether  (formed  by  the  action  of  the  acetic  acid  on  the  alcohol),  l:»eaide« 
alcohol  and  water.  On  distilling  it^  monoacetate  of  ethylene  mired  with  acetic  acid 
passes  over  between  130°  and  180°  0.,  and  nearly  pure  monoacetate  from  laO'^"  to  186**. 
By  repetited  reetiftcation  of  these  liquids,  the  pure  monoacetnte  is  obtained,  boiliufy  at 
182*.  In  the  lli'st  distillation,  the  liquid  often  jumpa  violently,  in  consequence  of  the 
separation  of  a  httle  bromide  of  potassium ;  in  this  case  an  equal  volume  of  ether 
must  be  added  to  precipitate  the  bromide  of  potaasiuia,  and  the  liquid  filtered 
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(AtkinBon).  Maxwell  Simpsoxi  recommonds,  especially  for  the  preparation  of  laige 
quantitiefl  of  the  monoaoetate,  to  heat  the  materials,  not  in  a  closed  vessel,  but  in  a 
laige  flask  connected  with  a  Liebig's  condenser,  in  such  a  manner  as  to  cause  the  ecm- 
densed  yaponr  to  flow  back  into  the  vesseL  A  considerable  quantity  of  diacetate  of 
e^ylene  is  formed  at  the  same  time  as  the  monoacetate  in  this  reaction  (Louren^o). 
—2.  By  the  action  of  acetate  of  potassium  on  chloride  of  ethylene.  The  decomposition 
does  not  take  place  so  readily  as  with  the  bromide,  and  requires  the  mixture  to  be 
heated  for  three  or  four  dajs  (Atkinson). — 3.  By  heating  a  mixture  of  1  at.  glycol 
and  1  at  acetic  anhydride  in  a  sealed  tube  for  several  hoUra  at  a  temperature  not  ex- 
ceeding 170^  C,  and  collecting  apart  the  liquid  which,  in  the  subsequent  distillation, 
passes  over  between  180^  and  186^  C.  (Maxwell  Simpson,  Proc  Hoy.  8oc.  ix.  726.) 

4.  By  heating  1  at  ethylenic  alcohol  (glycol)  with  1  at  acetic  acid  to  200^  C.  in  a 
sealed  tube.     (Louren90.) 

Monoacetate  of  ethylene  is  a  colourless,  oily  liquid,  boiling  at  182^  0.  It  is  heavier 
than  water,  and  miscible  with  water  and  with  alcohoL  The  aqueous  solution  is 
neutraL  It  is  easily  decomposed  by  potash  or  baiyta,  yielding  hydrate  of  ethylene, 
and  an  acetate  of  the  base. 

Monethsflenie  Diaeetate.  Gm'*0* ^^^^^LAo*  -  (C»H*)''.(C«H«0«)«.— Pro- 
duced: 

1.  By  the  action  of  iodide  or  bromide  of  ethylene  on  acetate  of  silver: 

Iodide  of  ethylene  is  mixed  by  small  portions  with  wdl-dried  acetate  of  silver,  and  the 
mixture  is  introduced  into  a  flask.  A  brisk  action  soon  begins,  and  the  mass  assumes 
a  yellow  colour,  from  formation  of  iodide  of  silver,  and  gives  off  a  considerable  quantity 
of  gas,  principally  carbonic  anhydride  and  ethylene  (arising  from  secondary  actions). 
As  soon  as  the  mixture  is  sufficiently  cooled,  a  fresn  portion  is  introduced,  and  the 
process  continued  till  between  100  and  160  grammes  of  iodide  of  ethylene  have  been  used. 
At  the  end  of  the  reaction,  there  is  found  in  the  flask  a  yellow  mass  of  iodide  of  silver 
saturated  with  a  liquid ;  and  on  distilling  this  mixture,  which  requires  a  somewhat 
high  temperature,  an  acid  liquid  passes  over,  coloured  brown  by  iodine,  and  containing 
acetic  acid  besides  neutral  products.  When  subjected  to  fractional  distillation,  it 
begins  to  boil  at  120°  C,  but  the  temperature  soon  rises,  and  the  portion  which  distils 
over  between  160°  and  200°  must  be  collected  apart  The  distillate,  which  is  stiU 
acid,  is  redistilled  over  oxide  of  lead,  and  again  subjected  to  fractional  distillation,  till 
it  passes  over  almost  entirely  between  180°  and  190°.  If  it  still  contains  a  trace  of 
ioaide,  it  must  be  rectified  over  oxide  of  silver  (Wurtz).  Bromide  of  ethylene  is, 
however,  to  be  preferred  to  the  iodide  for  this  preparation,  because  it  is  more  easily 
obtained  and  has  a  lower  atomic  weight    (Wurtz.) 

2.  By  heating  monoacetate  of  ethylene  with  chloride  of  acetyl  in  a  sealed  tube  to 
100°  C.  for  a  day,  the  action  taking  place  in  two  stages,  as  shown  by  the  following 
equations : — 


(C«HT{o.  4.     rm»oci  «     (C«b:t(0  .     c«h«o>q 

C«H»0.h}^  ■»•       CHK).C1  -         C'H'OCa  +  HC"- 

Monoacetate  of  Chloride  of  Acetoxrehioride  Acetic  acid, 

leoe.  Acetyl.  of  Etbylene. 


Monoacetate  of  Chloride  of  Acetoxrt 

Ethjrleoe.  Acetyl.  of  Etbylene. 

Monoacetate  of  Acetic  acid.  Diaeetate  of 

Etbylene.  Ethylene. 


Two  layers  of  liquid  are  thus  formed,  the  lower  consisting  of  water,  the  upper  of 
diaeetate  and  acctoxychloride  of  ethylene.     (Louren90,  Ann.  Ch.  Pharm.  cxiv.  126.) 

It  is  a  colourless  neutral  liquid,  nearly  inodorous  at  common  temperatures,  but 
smelling  slightly  of  acetic  add  when  heated.  Specific  gravity  =.  11 28  at  0°  C. 
Boiling  point  186°— 187°  0.     Vapour-density  «  4744. 

When  poured  into  a  small  quantity  of  water,  it  sinks  to  the  bottom  in  the  form  of 
an  oiL  It  dissolves  in  7  pts.  of  water  at  22°,  and  is  separated  from  the  solution  by 
chloride  of  calcium.  Alcohol  and  ether  dissolve  it  in  all  proportions  (Wurtz).  By 
bases,  in  presence  of  water,  it  is  resolved  into  acetic  acid  and  hydrate  of  ethylene. 
(Wurta.) 

Poly  ethylenic  Diaeetatee, — ^These  ethers,  which  maybe  regarded  as  compounds  of 
acetic  anhydride,  C^HH)*,  with  2,  3,  4,  &c.,  molecules  of  oxide  of  ethylene,  are  pro- 
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rnaHc  moA  or  aeeCie  mhjAride,  uid  may  be 
taft  portum  of  tbe  dtirfillato  ooiiAst*  of 


oxide  of  ctfarjiw  vidi  g^BQ^ 
jfiMtlofMi  dktfllatJoiL.    Tbe 


Tetrethyimit  rfwcrf^^^,  .^^^^*,|  0*  -  (C^^O^.C^H-O*,  •  jwM  Uqidd  which 

boQi  »borr«  300°  C.  tmder  tiie  ofduiux  atiooaplieEic  preasore^  Bod  reqauee  to  be  di*- 
tilled  in  »  rttivflod  atmoepbpre. 

The  aune  oompooode  nuj  be  ptodms^  by  tbe  oombiiistioii  of  fioatnl  dietbyleiiie 
Aoetaie  with  1,  2,  3,  Ac.  inoldnjlee  of  oxide  cf  ethTlen& 

Each  of  them,  wbeo  dietOled  with  potash,  jidds  the  eotrnpoadiog  polj«iliyl«nik 
alcohol,  the  geoenl  equation  of  the  deeompoaition  beti^ : 


_ Ft 


▲CSTOBXTTTSJLTB     01*«       C*H'K)* 
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((^HV.CH-O^.C^H'O*,  (M  ax  well  Si  m  p  i  o  n,  Proc.  Eoy.  Socl  x.  115,)— OHtM^ : 
1.  Bt  heating  iriqairalent  quantities  of  batyrat^  of  mlret  and  aoetoxjehlofide  of 
ethykDe  to  100°— 1 2(P  C,  m  of  acetate  of  stlrer  and  buf^rTaxjchloride  of  ethykne  to 
16^ f  then  digeating  with  ether,  lUtena^  and  dietilltiig  (Sim peon): 

(0»H«)''.C^*0».C1  +  C^^O«.Ag  ^  AgCl  +  (C7H*r.C»HK>»,C*HW. 

2.  By  heatiiig  moiiOA£«late  of  ethylene  with  butyric  &cid  or  chloride  of  bntyiyl,  op^ 
moDohutyrate  of  ethylene  with  acetic  acid  or  chloride  of  acetyl  (Lonrenqo).     It  ie 
a  eoloiirleaa  liquid,  bariiig  a  bitter,  pongeiit  taste,  heavier  than  water,  ineolable  in 
water,  aolnble  in  alcohol    It  is  Teiy  staUe,  being  but  alowly  deeompoeed  by  aqueoua 
potjuh,  ereii  at  the  boiling  heat,     (Simpson.) 

(Louren^o,  Ana.  Cb.  Phurm.  cxiv.  122.)  —  Obt;iioed  by  heatine  moDoaeetate  of 
ethylene  with  Talmc  add,  or  vkt  vcrmd.  Colourlt^s,  oily,  neutnl  uqnid,  boiling  at 
about  290^  C,  insoluble  in  waler,  eoltible  in  alcohol  and  ether. 


Glycol  cMoracetiquf,  GfAfCfAic  Chforaatfiu  (Maxwell  Simpson,  x.  114.)— Obtained 
byjpaaaing  dry  hydrocliloric  acid  gas  into  moooacetate  of  ethylene  at  100°  C,  precipi- 
tating with  wateTf  washing,  drying,  and  rectifying.  It  is  a  colonrleaa  liquid,  haringa 
speciic  gT^Tity  of  1'1783  at  0°C.  Boils  at  145°  without  decompoaitaon.  Yapoor- 
density  by  obeervation  <>  4 '369  *  by  calcuLition  (2  toI)  »  4*244. 

I&'I'UIJLBVB,     ACSTOZTZODZSa     OF.       C'HTIO'    -     (C^«)''.C*HKFJ. 

Glycol  iodactlimitt  Glycolie  IttdiwHin. — Obt&ined  by  parsing  hydriodie  acid  gaa  into 
monoBcetate  otethylene,  or  a  mixture  of  oquiralent  quantities  of  glacial  acetic  acid  and 
glycol,  extemally  cooled,  till  a  portion  of  the  liquid  gives  a  considerable  oily  pre^ripi- 
tate  on  tlie  addition  of  water ;  if  the  paa«a^  of  the  gas  be  further  continuecl,  iodide  of 
cthjleno  is  likely  to  be  formed*  The  product  is  weU  washed  with  very  dilute  potash 
and  dried  in  racuo. 

OJycolic  iodacetin  is,  at  ordinary  tempcmtnrea,  an  oily  liquid,  baring  a  sweetish 
pungent  taste  ;  at  low  temperatures  it  (^ystidlises  in  tables.  It  sinks  m  water,  and 
IS  insoluble  in  that  liquid,  but  dissoWei}  in  alcohol  and  ether.  Heated  with  potash,  it 
yields  iodide  of  potassiuin,  acetate  of  potassium,  and  oxide  of  ethylene.     (Simpson.) 

wrammmm^  bsvsoats  or.    C'«H'*o*  -  (c^XJo*.    GlycKdic  mbm* 

t0ate,^-%%  gnns.  of  benzoate  of  Kilrer  (rather  more  than  2  at.)  and  20  grms.  bromide 
of  ethylene  are  heated  ior  several  days  to  100°  C.  in  a  long-necked  flask  ;  the  product  is 
tftkc-u  up  with  I'thcT,  tind  the  eolation  treated  with  a  amall  quantity  of  alaxed  lime, 
tJien  filtered  and  distilled  in  the  water-bath.  The  residue  on  coolmg  becomes  filled 
with  crystal!*,  which  are  to  be  separated  from  the  mother-liquor,  pressed  between 
paper,  and  purified  by  eevfml  recr^^siaUlsatioDH  from  ether. 
By  spontaneoos  evaporation  of  the  ethereal  solution*  the  compound  is  depoaited  \ 
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shilling,  polonrless,  right  rhomboidal  prisms,  which  melt  at  67^  C,  forming  a  liquid 
which  boils  at  a  temperature  above  the  boiling  point  of  mercniy,  and  distus  without 
alteration.  It  is  easily  decomposed  by  heating  with  potash,  yielding  hydrate  of 
ethylene  and  benzoate  of  potassiunL     (Wnrtz,  £an.  Ch.  JPhys.  [3]  Iv.  437.) 

ATHIJaarB*  BSOacCBB  or.  C^^Br*.— This  compound  was  discovered  by 
Balard  in  1826  (Ann.  Ch.  Phys.  [2]  xxxii  375);  further  examined  by  Lowig  (Das 
Bram  und  aein  chemisches  Verhalten^  Heid.  1829,  p.  47),  Serullas  (Ann.  Ch.  Phys. 
[2]  TTT1T.  228),  D'Arcet  (L'Institut,  1836,  No.  106 ;  J.  pr.  Chem.  v  28),  and  Beg- 
nault  (Ann.  Ch.  Phys.  [2]  lix.  368).  It  is  produced  by  the  direct  combination  of 
bromine  with  ethylene.  Bromine  gradually  dropped  into  ethylene-gas  quickly  loses 
its  colour,  absorbs  the  gas,  and  is  converted  into  bromide  of  euiylene,  which  may  be 
purified  by  washing  it  with  alkaline  wat^r,  and  then  distilling  over  sulphuric  acicKand 
caustic  baryta  alternately  (Balard).  As  the  combination  is  attenaed  with  great 
evolution  of  heat,  which  may  occasion  loss  of  bromine,  it  is  usually  recommended  to 
pass  a  stream  of  ethylene-gas  through  bromine  covered  with  a  layer  of  water ;  unless, 
nowever,  the  current  of  gas  is  very  slow,  there  is  great  risk  of  both  ethylene  and 
bromine  being  carried  off  uncombined.  The  following  is  a  good  method  of  prepara- 
tion :  —  A  strong  glass  bottle  of  2  or  3  litires  capacity  is  provided  with  a  perforated 
ooric,  through  whicm  is  fitted  a  glass  tube  open  at  both  ends,  and  reaching  nearly  to 
the  bottom  of  the  bottle,  while  the  upper  end,  slightly  projecting  over  the  cork,  com- 
municates by  means  of  a  flexible  caoutchouc-tube,  with  a  gas-holder  containing 
ethylene.  To  start  the  operation,  the  bottle  is  detached  and  filled  over  water  with 
ethylene-gas,  into  which  are  then  poured  from  100  to  130  grms.  of  commercial  bromine 
and  about  half  that  quantity  of  water,  the  cork  with  the  ^lass  tube  being  imme- 
diately replaced.  On  gently  agitating  the  bottle,  the  ethylene  is  rapidly  absorbed,  and 
on  turning  the  stop-cock  ot  the  gas-holder,  the  gas  rushes  into  the  bottle  as  into  a 
vacuum.  If  the  agitation  be  continued,  a  very  kurge  volume  of  ethylene  may  be  thus 
united  with  the  bromine  in  a  very  short  time,  without  the  loss  of  a  particle  of  the  con- 
sdtnents  or  of  the  compound.     (Hofmann,  Chem.  Soc.  Qu.  J.  xiiL  67.) 

Bromide  of  ethylene  is  a  colourless,  firagrant  liquid,  which  solidifies  to  a  crystalline 
mass  at  about  0**  C.,  melts  at  9°,  and  boils  at  129°.  Specific  gravity  =  2*16.  Vapour- 
density  B  6*486  (Regnault);  by  calculation  (2  voL)  «  6664.  It  is  insoluble  in 
water,  but  soluble  m  alcohol  and  in  ether. 

Bromide  of  ethylene  is  decomposed  by  alcoholic  potash^  which  abstracts  the  elements 
ot  a  molecule  of  hydrobromic  acid,  leaving  brometnylene  or  bromide  of  vinyl,  CH'Br. 
WiHi  stdphydrate  of  potaseium  it  yields  sulphydrate  of  ethylene,  CH'.H'.S';  with 
numosulphide  and  disulphide  ofpotMsium^  it  yields  mono-  and  disulphide  of  ethylene. 
With  acetate  of  silver  ityields  diacetate  of  ethylene  (p.  667),  and  acts  in  like  manner 
on  other  silver-salts.  With  acetate  of  potassium^  dissolved  in  aqueous  alcohol,  it  forms 
monoacetate  of  ethylene  (p.  567).  According  to  Louren^o,  the  first  product  of  the 
action  is  diacetate  of  ethylene,  which  is  then  resolved  by  the  water  present  into  mono- 
acetate  of  ethylene  and  acetic  add  (or  by  the  alcohol  into  monoacetate  of  ethylene 
and  acetic  ether).  Heated  with  cyanide  of  potassium,  it  yields  cyanide  of  ethylene, 
C^*Cy' (Simpson,  i.  314).  With  ammonia  it  forms  ethylene-diamine,  diethylene- 
diamine,  and  triethylene-diamine.  For  the  reactions  with  ethylamine^  phenylamine,  tri- 
ethylphosphine,  and  other  organic  bases,  see  Ajoionium-Basbs  (L  196)  ;  also  Ethtlhns- 
Basbs  and  Peosphobvs-Basxs. 


Brominated  Derivatives  of  Bromide  of  Ethylene, 

Bromide  of  ethylene  is  decomposed  by  alcoholic  potash,  which  abstracts  the  elements 
of  one  molecule  of  hydrobromic  acid,  leaving  monobromethylene,  CH'Br.  This  com- 
pound, like  ethylene  itself,  unites  with  2  at.  bromine,  forming  CH^Br*,  which  is  in 
like  manner  attacked  by  alcoholic  potash,  yielding  dibromethylene ;  and  by  continuing 
this  alternate  treatment  with  alcoholic  potash  and  bromine,  the  two  following  series  of 
compounds  are  obtained : 

Bromethylene 
Dibromethylene 
Tribromethylene 
Tetrabromethylene  or 
Dibromide  of  Carbon 


C«H«Br 

C^HBr* 

CBr 


Dibromide  of  Bromethylene    .  C^TOBr.Br* 
Dibromide  of  Dibromethylene    C*H^r».Br« 
Dibromide  of  Tribromethylene  C*HBr*.Br* 
Dibromide  of  Tetrabromethy- 
lene, or  Tribromide  of  Carbon  C«Br^.Br*. 


Bromethylene  was  discovered  byRegnault  (Ann.  Ch.  Phys.  [2]  lix.  358) ;  the  rest^ 
with  the  exception  of  CBr*  and  (5*Br*,  wore  first  obtained  byCahours  (Compt.  rend. 
XXXI.  293),  who  did  not  particularly  describe  them ;  he  observed,  however,  that 
the  bromides  of  the  bromethylenes  are  more  easily  attacked  by  alooholic  potash,  in 
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proportioD  hm  they  contain  more  bromine,  tlie  reftction  pelding,  in  odditloo  to  bfomide 
of  potassituii  &od  A  broininate4l  cthyldne,  potaafiiom-salti  of  peculuir  brominut^  aeidfl 
vliich  bare  not  been  exmninedu 

Brom0thy  lent  CT  Bromide  of  Vi  n  y  L  CHTBr. — A  mixtnro  of  bromide  of  ethylene 
and  akoholio  potash  he&ted  to  30^  or  40^  G.  gives  oft  a  gas  which^  i»'hon  piiritied  bj 
paaaing  tbrongb  water,  then  over  chloride  of  culcium,  and  condensed  in  ti  rcctjivcr 
aanonnded  with  ioe  and  iwit,  yields  bromethylflne  as  a  colourless^  very  mobile  liqiiid, 
hairing  an  alliaceous,  ethereal  odonr.  Specific  gravity  about  V62,  Boils  at  ordinury 
tempera  titre^f.  Yapour-denaity  «>  3'69l  (Reg  nan  It).  When  kept  in  a  sealed  tuW 
it  sometimes  solidifies  to  a  white  amorphous  mass  of  the  same  compoaitioQ,  having  thu 
appeartiDce  of  porcelain,  insoluble  in  water,  aleohol,  and  ether  ;  thia  solid  modification 
when  heated  becomes  carbonised^  with  violent  evolution  of  hydiobromic  acid,  (Hof* 
manti,  Chem.  Soc.  Qu.  J.  xiii  68.) 

Potassium  hDat4:^d  with  bromethylene  decomposes  it,  with  ignition.  Chlorin$  attacks 
it,  forming  an  oily  substance  (RegnaultX  With  ethylaU  or  amylaic  o/Modium,  it 
yields  bromide  of  sodium,  ethylic  or  amyEo  alcohol,  aud  acetylene  (Sawitach,  BnlL 
Soc  Chim.  de  Paris,  1861,  p.  7) : 

^H'Jo=       NaBr     +      ^l\0     + 
Alcohol, 


Bromeihyltite. 


Na 

Ethflftt«or 

iodiiiBii. 


AccC;leD«, 


A  similar  transformation  takes  place  when  brom ethylene  i«  passed  into  an  ammo 
niacal  solution  of  nitrate  of  silvep,  the  silver-compound  of  acetylene  being  then  pn 
duced.    (M  i  a  s  n  i  k  0  f  f»  ibid.  p.  1 2.) 

Bromidtof  Bromethylene,  C*IPBr*=C"H'Br.Bi*. — Obtained  by  adding  bromine 
by  small  portions  to  bromethylene  contained  in  a  long-necked  flask  snrrotmded  by  a 
freezing  mixhire ;  purified  by  washing  with  alkaline,  and  with  pure  water,  drying  with 
chloride  of  calcium »  and  rectification.  It  is  a  colourless  liquid,  having  on  odour  some- 
what like  that  of  chloroform.  Specific  gravity  ^  2620  at  23°  C.  Boils  at  186'5°  a . 
(WurtsE.  Ann.  Ch.  Phyi  [3]  li.  84.) 

Alcoholic  potash  oouverts  it^  partly  into  dibromethylene,  partly  into  monobromethy- 
leoa,  and  the  latter,  by  the  further  action  of  the  alcoholic  pot^sht  is  decomposed  in  th«  1 
mannefr  above  mentioned,  yielding  among  other  products  acetylene  (Sawitsch),  and'l 
bmmacetylene  (Beboul).  If  the  biT>mi(Ie  of  brometh3'lene  is  added  by  drops  to  ai 
boiling  solution  of  alcohohc  potash  contained  in  a  fiaak  from  which  the  air  baa  beenJ 
crpcLled  by  boiling  the  liquid  for  a  short  time,  and  the  evolved  vapours  are  &eed  fh)at] 
admixed  alcohol  and  dibromethylene  by  passing  them  through  two  or  three  wash*] 
bottles  containing  water,  and  in  which  the  air  has  been  replaced  by  carbonic  anhydride,  si 
considerable  quantity  of  gas  is  obtained,  which,  when  freed  from  carbonic  anhydride  byl 
potiish,  is  spontaneously  inflammable,  and  is  found  to  consist  of  a  mixture  of  acetylene|1 
Cm\  and  bromacetylene.  G^HBr,  (Reboul,  Ann.  Ch.  Pharm,  cixiv,  267.) 

Bihromrthylene.  C-U'ilr'.— Produced  from  the  preceding  compound,  CHTJr^l 
by  the  action  of  sodium,  of  solid  hydrate  of  potassium,  or  of  alcoholic  potash^l 
When  solid  potash  is  used,  the  action  is  so  violent  that  the  dibromethylene  distils  ovelg 
almost  instantly*  With  alcoholic  potash  the  action  i»  more  moderate ;  and  by  drop-i 
ping  the  bromide  of  bromethylene  into  boiling  alcoholic  potash,  separating  the  result*  j 
ing  products  as  above  d^Kiribed,  and  rectifying  the  liquid  coUectcKi  in  the  first  wufdi- 
bottle,  the  dibromethylene  is  obtained  pure. 

Dibromethylene  is  a  colourless,  limpid  liqtiidr  which,  in  contact  with  the  air,  becomes 
tnrbid  and  deposits  a  white  substanee'of  isomeric  composition ;  having  a  specific  gravity  | 
of  3*063  at  14*6°  0. ;  insoluble  m  water,  alcohol,  and  ether,  nearly  insoluble  in  disnlphidsl 
of  carbon  ;  not  attacked  by  mineral  acids  at  mean  temperature  ;  decomposed  by  aqneoml 
ammonia,  slowly  in  the  cold,  more  quickly  and  completely  at  100^  C,  with  formatiun  j 
of  bromide  of  ammonium  and  separation  of  a  carbonaceous  substance.  Aqueous  potash 
ai!ts  in  like  manner  but  more  slowly.   (Sawitsch,  Jahresber.  d.  Chem.  1860,  p,  430.) 

Bibromide  of  Dihromethylene,      CffBr*  =  C=H'BH.Br».  (Lennox,  Chem, 
Soc  Qu.  J,  xiii.  206.— Beboul,  loc.  «^),^Produoed  :  1.  By  the  direct  combination  oli 
bromine  with  dibromethylene,  wliieh  takes  place  with  great  energy  (Lennox). — 2.  Bjrl 
passing  acetylene  gas  into  bromine,  the  compound  C^H^  then  taking  op  4  aL  Br.f 
(Reboul).     When  pnrified  by  washing  and  rectification,   it  boils  at  about  200°C,, 
but  with  partial  decompositioo,  giving  oflf  vapours  which  powerfully  attack  the  eyes,.] 
When  exposed  to  a  freezing  mLihire,  it  solidi^es  to  a  whic^?  cryataUino  mass.     It  is] 
insoluble   in  water,  but  easily  soluble  in  alcohol  and  ether   (Lennox).     Specifie 
gravity  2-88  at  22^  C.     (R  p  b  o u  l. ) 

Tribromcthylent.     C'HBr'.^Obtained  by  treating  the  last  compound  with 
alcoholic  potash,  and  precipitating  with  water.    It  is  an  oily  liquid  boiling  at  13Qi^  G| 
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ftnd  apt  to  change  spontaneously  into  an  isomeric  solid,  easily  soluble  in  alcohol  and 
in  ether,  from  which  it  crystallises  in  colourless  plates.  An  alcoholic  or  ethereal  so- 
lution of  the  oily  modification  likewise  yields  the  crystalline  solid  by  slow  evaporation. 
(Lennox,  loc.  cit.) 

DibromideofTrihromethylene,  C*HBr»  =  C»HBr».Br*.— Obtained :  1.  By  cau- 
tiously distilling  tnbromethylene  into  a  receiver  containing  bromine.  Combination 
takes  place  with  considerable  energy,  and  the  product,  after  washing  with  weak 
potash  and  with  water,  is  a  yellowish-red  oil,  soluble  in  alcohol  and  ether,  and  solidi- 
fying when  exposed  to  a  fiigorific  mixture.     (Lennox,  loc.  cit.) 

2.  By  the  action  of  bromine  on  bromacetylene,  C-HBr.  When  the  gaseous  mixture 
of  this  compound  and  acetylene  (p.  570)  is  passed  into  bromine  covered  with  a  layer 
of  water  (to  moderate  the  action,  which  is  otherwise  so  violent  as  to  set  the  gas  on 
fire),  each  of  these  bodies  takes  up  4  at.  bromine,  forming  the  compounds  C'H'Br^.Br*, 
and  C'HBr*.Br^,  and  a  liquid  is  obtained,  which,  when  freed  from  excess  of  bromine 
by  aqueous  potash,  and  sufficiently  cooled,  deposits  the  latter  compound  in  crystals, 
while  the  former  remains  liauid.     ^Beboul.) 

Dibromide  of  tribromethylene  is  usoluble  in  water,  but  soluble  in  alcohol  and  ether 
(Lennox,  Reboul),  especially  at  the  boiling  heats  of  these  liquids,  and  crystallises 
from  its  alcoholic  solution  in  beautiful  prisms.  It  smells  like  camphor,  melts  at 
48^ — 50^  C,  and  is  decomposed  by  distillation.    (RebouL) 

Tetrabromethylene  or  Dibromide  of  Carbon.  C^Br*. — ^Produced  by  the 
action  of  alcoholic  potash  on  the  compound,  C^HBr'  (Lennox),  also  by  that  of  bromine 
on  alcohol  or  ether  (Lowig).  It  is  a  white  crystalline  solid.  For  its  properties  and 
reactions  see  vol.  i  page  764. 

Dibromide  of  Tetrabromethylene  or  Tribromide  of  Carbon.  C*Bt*  mm 
CBr^.Br'. — Obtained :  1.  By  heating  bromine  in  a  sealed  tube  with  dibromide  of 
carbon. — 2.  By  heating  either  of  the  compounds,  C*H*Br*  or  C'HBr*,  with  bromine  and 
water  in  sealed  tubes  to  100^  C.  for  16  to  20  hours,  or  better  to  180^  for  a  few  hours. 
Hydrobromic  acid  is  then  formed,  and  as  the  tube  cools,  the  compound  C^Br*  is 
deposited  in  crystals ;  the  remaining  liquid,  which  still  smells  of  bromine,  deposits, 
when  left  to  evaporate,  a  mixture  of  tribromide  of  carbon  and  dibromide  of  tnbrom- 
ethylene, which  may  be  separated  by  alcohoL  The  formation  of  tribromide  of  carbon 
is  represented  by  the  equations : 

(PWBt*  +  Bt*  -  CBi*  +  2HBr 
and 

C«nBr»    +   Br»  -  C«Bi-  +   HBr. 

Tribromide  of  carbon  is  but  very  slightly  soluble  in  alcohol  and  ether,  even  at  the 
boilins  heats  of  these  liquids,  but  dissolves  easily  in  sulphide  of  carbon,  and  separates 
from  the  solution  by  spontaneous  evaporation  in  hard,  rather  thick,  transparent  crystals, 
having  the  form  of  nght  rectangular  prisms,  with  truncation  of  the  lateral  and  two  oif 
the  basal  edges.  When  heated,  it  decomposes,  before  melting,  at  200^ — 210°  0.  into 
bromine  and  dibromide  of  carbon.    (Eeboul,  Ann.  Ch.  Pham.  cxxiv.  271.) 

BTBTXdOra,  BUTTSATS  OF.  C'«H»»0«-  [^h'0)«}^'  "  (C»H*)". 
(C*H'0*)*.— Obtained  by  heating  for  several  hours,  in  the  water- bath,  a  paste  com- 
posed of  90  grms.  (2  at.)  butyrate  of  silver,  48  grms.  (1  at.)  of  bromide  of  ethylene, 
and  a  sufficient  quantity  of  butyric  acid,  exhausting  the  product  with  ether,  and  dis- 
tilling. After  the  ether  has  passed  over,  the  greater  part  of  the  remaining  liquid 
distils  between  230°  and  240°  C.,  and  by  fractional  distillation  butyrate  of  ethylene 
is  obtained,  boiling  between  239°  and  241°. 

Colourless  liquid,  having  a  strong  butyric  odour,  which  is  rather  persistent  when 
the  liquid  is  rubbed  on  the  skin.  Specific  gravity  1024  at  0°  C.  Boils  at  about  240O, 
and  distils  without  alteration.  Perfectly  insoluble  in  water,  but  dissolves  in  all  pro- 
portions in  alcohol  or  ether.    (Wurtz.) 

STBTXJBWB,  BUmtOZTCB&OBZBB  OF.  C*W^ClO*^{(yR*y'.C*K'0\C\. 
Glycolic  Chlorobutyrin,  Glycol  Chlorobutyri^iw.  (Simpson,  loc.  cit.) — Prepared  like 
the  acetoxychloride  (p.  668).  Colourless  liquid,  having  a  pungent,  somewhat  bitter 
taste;  insoluble  in  w%ter,  frsely  soluble  in  alcohol.  Specific  gravity  1*0864  at  0°C. 
Boiling  point  about  190°. 

BTBTXBBB,  CB&OBZBB  OF.  CPR^CV.  Dutch  liqitid.^  This  compound 
was  discovered  in  1796  by  the  Dutch  chemists,  Deiman,  Paets  van  Troostwyk, 
Bondt,  and  Lauwerenburgh  (Crell.  Ann.ii.  200),  and  has  been  further  examined  by 
Liebig  (Ann.  Ch.  Pharm.  i.  213  ;  ix.  20).  Dumas  (Ann.  Ch.  Phys,  [2]  xlviii.  186), 
Laurent  (ibid.  Ixiii.  877),  Kegnault  (ibid.  Iviii.  301 ;  Ixix.  261 ;  Ixxi.  371),  Mal»- 
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guti  (Aon,  CIl  Phjs.  [31  xtC.  6  and  14),  and  Pi  err o  (Compt  rend.  xxr.  130)* — 
See  &Uo  Gm.  (Tiii.  162).  It  ia  ensilj  produced  hj  bringing  ethylene  gats  in  contact  with 
moist  chlorine  (the  gases  acapcely  act  upon  cooh  other  when  dry),  or  with  a  metijlic 
perch bridi%  which  easily  givt^  up  part  of  its  chlorine,  or  by  the  action  of  pentachloride 
of  phosphorus  on  hydrate  of  Ethylene. 
Prf^araOon. — Etbylene  gas,  produced  by  heating  a  mixture  of  alcohol  and  aulphurio 

Fry.  470. 


acid  (p.  665),  ia  paaand  tbroisgh  a  waah-bottle  containing  potash  to  free  it  from 
phiirous  add ;  thiough  a  second  containing  alcohol,  which  removea  Tapour  of  ether  jj 
and  gometimea  through  a  third  containing  water  to  &e«  it  from  alcohol -Tapour.     li\ 
then  puBses  into  a  large  glass  globe  {fy.  470),  having  a  long  neck,  which  dcii>H:euda  )nt4>  ] 
a  hotlh  closed  with  a  cork,  and  after  the  stream  of  paa  has  been  continued  long  -f 
anongh  to  expel  the  air»  moist  chlorine  from  another  flask  is  also  admitted  into  I  he 
globe*    The  two  gases  then  unlte^  forming  an  oily  liquid,  which  nms  down  into  the 


2.  Ethylene  gas  is  passed  tbrotigh  the  tubulns  of  a  retort  containing  a  slightly 
heated  mixture  for  the  eTolntiou  of  chlorine  (2  pts,  black  oxide  of  manganese,  3  pta. 
common  salt,  4  pta.  water,  and  5  pta.  snlphuric  acid),  and  the  chloride  of  ethylonel 
thus  formed  is  difitilled  off.     This  proeese  may  be  employed  for  the  pfepuration  of  | 
chloride  of  ethylene  by  mf^ms  of  coal-gaa  iDstead  of  pure  ethylene,     (Limpricht.) 

3.  Ethylene  gas  is  passed  into  pentachlyride  of  antimony  (produced  by  gatii- 
lating  ordinafy  butter  of  antimony  with  chlorinev  i.  318)«  and  the  product  is  distilled,  1 
till  the  distillate  no  longer  vi^Id*  any  oil  on  adtUtion  of  watfT.     The  oily  chloride  of  j 
ethylene  is  then  decanted,  sbaken  up  with  oil  of  Titriol  till  it  no  longer  blackens^  then,  j 
distilled  OTer  a  water-bath.  I 

The  ppodnet  obtained  by  either  of  tbe«6  methodji  is  purified  by  washing,  first  withi 
alk&Lma^  then  with  pure  water,  dried  by  contact  with  chloride  of  calcium^  and  rectified." 

Propertiet. — Bichloride  of  ethylene  is  a  ooloorleas,  nentnil,  oily  h'quid,  baring  i 
fragrant  ethereal  odour,  and  a  sweetish  aromatic  taste.  Specific  gravity  -■  1  247  all 
18^  C.  (Liebig);  1  256  at  12°  (Regnault).  It  boils  at  82*5  under  apMSSHie  ^  " 
76o  mm-  (Regnault),  at  85^  under  a  pressure  of  770  mm,  (Dumas).  Vapoof*  I 
density  =  34434  (Qay-Lussac),  by  caloalation  (2  vol.)  ^  3'4303.  It  is  nearly  inso-  j 
lable  in  ttater,  to  which^  howerer,  it  imparts  its  odour,  but  soluble  in  a/cohol  and } 
f-Mer.  It  dtseolTcs  a  considerable  quantity  of  phosphorus  when  heated  therewith.  It 
maj  be  mixed,  and  even  distilled,  with  t$trong  sulphuric  acid,  without  alterntion^ 

D&iompomtions. — 1.  Bichloride  of  ethylene  is  inflammable,  and  bums  with  a  gTeen« 
very  smolcy  flame,  giving  off  vs pours  of  hydrochloric  acid.*— 2,  When  passed  la  tbtl 
liquid  state  through  a  red>hot  tube,  it  deposits  carbon,  and  yields  a  mixture  of  hydro^l 
chloric  acid  gas  and  a  hydrocarbon  which  burns  with  a  blnish  flame. — 3.  Famed  ill  I 
the  state  of  vapour  through  a  r^d-hot  tube,  it  yields  chloride  of  carbon,  free  carbon, ' 
and  ciTstals  of  naphtha!in.^-4.  "When  covered  with  vjat^  and  exposed  to  sunahiner  it 
is  gnMiuidly  derompo»ed^  yielding  hydrochloric  acid  and  scetato  of  ethyl: 

2C=H^C1"  +  2H'0  ^  4HC1  +  C*n"0«. 

fi.  Chlorine,  especially  under  the  influence  of  heat  or  light,  transforms  it  into  mono-,  di-i 
tri-,  and  per-chlort^thyh^ne. — 6,  Ammonia  gojn  does  not  net  upon  liquid  diehloride  ofl 
ethylene,  but  when  mixed  with  the  va|ioiir,  it  forms  nal- ammoniac  and  uninflaramabla 
gas  (Eobiqnet  and  Colin,  Ann.  Ch,  Phya  [2]  i.  213,  ii.  206).— 7.  Ilie  dichlorids^ 
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heated  in  sealed  tubes  with  alcoholic  ammonia,  yields  the  bases  C'II*.H*.N^ 
(C*H*)».H».N*,  and  (C«H«)«.N"  (see  Ethylbnb-bases).  —  8.  Potewiim  attacks  it 
Tiolently,  forming  a  poroos  mass,  and  eliminating  a  mixture  of  hydrogen  and  chlor- 
ethylene : 

2C«H*C1«  +  K«  -  2KC1  +  H«  +  2C«H»CL 

9.  It  is  scarcely  attacked  by  aqueous  potash,  but  b^  alcoholic  potash^  or  ethylate  of 
potassium  (or  sodium),  it  is  resolved  into  hydrochloric  acid  and  chlorethylene,  C*H*CL 
— 10.  With  sulpht/dratCj  monosulphide,  disulphidef  and  sulphocyanaU  of  potassium,  it 
yields  the  corresponding  salts  or  ethers  of  ethylene. 

Chlorinated  Derivatives  of  Chloride  of  Ethylene, 

Bichloride  of  ethylene  subjected  to  the  continued  action  of  chlorine  yields  the  seve- 
ral chlorinated  dichlorides  contained  in  the  left-hand  column  of  the  foUowins  table, 
and  each  term  of  this  series  (beginning  with  CH'CP),  when  treated  with  alcoholio 
potash,  gives  up  1  at.  HCl,  and  yields  the  compound  standing  opposite  to  it  in  the 
right-hand  colunm. 

Bichloride  of  Ethylene  .  C»H«.C1« 

Monochlorinated     „  .  Cr»H«Cl.Cl« 

Bichlorinated          ,  .  C«H«C1«.CP 

Trichlorinated         „  .  C«HC1«.C1« 

Peichlorinated        „  .  CKJP.Cl^ 

These  conmounds  are  precisely  analogous  to  the  brominated  compounds  previously 
described.  Each  compound  in  the  lef^hand  column  of  the  table  may  be  produced  by 
the  action  of  chlorine  on  either  of  the  compounds  which  precede  it. 

Chlorethylene  or  Chloride  of  Vinyl,  C^H'Cl,  is,  at  low  temperatures,  a  very 
mobile  liquid,  boiling  even  at  -—18^  or — 15^  C.  The  gas  has  an  alliaceous  odour,  takes 
fire  with  diflficulty,  and  bums  with  a  red  flame,  green  at  the  edges.  Specific  gravity 
of  the  gas  »  2*166.  In  the  liquid  state  it  is  insoluble  in  water,  but  dissolves  in  all 
proportions  in  alcohol  and  ether.  Potassium  slightly  heated  decomposes  the  gas, 
eliminating  carbon  and  a  small  quantity  of  naphthidin«  By  chlorine  in  sunshine,  and 
by  perchloride  of  antimony,  it  is  converted  into  the  following  compound :  — 

Chloride  of  Chlorethylene.  C*H«C1«  «  C"H"C1.C1«.— The  best  mode  of  prepa- 
ration is  to  pass  the  preceding  gaseous  compound  into  an  apparatus  containing  penta- 
chloride  of  antimony,  and  kept  cool  at  the  beginning  of  me  action.  It  is  an  oily 
liquid,  boiling  at  115®  C,  and  resembling  Butch  liquid  in  appearance  and  in  odour. 
Specific  gravity  «  1422  at  17°  C.  Vapour-density,  observed  -  4722— 4672 ;  calcu- 
Uted  (2  voL)  -  4-691. 

Dichlorethylene,  C*H*C1*. — Very  volatile  liquid  boiling  between  36°  and  40°  C. 
Odour  alliaceous,  like  that  of  monochlorethylene.  Specific  gravity  a  1*260  at 
16°  C.  Vapour-density,  observed  —  3-321,  calculated  (2  vol.)  =  3-36.  When  kept 
in  sealed  tubes,  it  changes  spontaneously  into  a  white  crystallme  isomeric  substance. 
If  poured  into  chlorine  gas  in  sunshine,  it  takes  fire  and  deposits  carbon ;  but  if  poured 
into  the  chlorine  in  the  shade,  left  there  for  12  hours,  and  then  exposed  to  the  sun,  it 
is  completely  converted  into  crystals  of  perchlorinated  chloride  of  ethylene,  or  sesqui- 
ddoride  of  carbon,  CHJl*.Cl*. 

Chloride  of  Dichlorethylene,  C»H«C1*  =  C«HK;P.a«.— Produced  by  the  con- 
tinued action  of  chlorine  on  Butch  liquid  or  on  chloride  of  chlorethylene.  It  is  a 
liquid  smelling  like  tiie  preceding  compounds.  Specific  gravity  »  1*676  at  19®  0. 
Boiling  point  136®  GL    Vapour-density,  observed  »  6*796,  calculated  (2  vol)  —6*821. 

Trichlorethylene.  CHCl*.— Produced  by  the  action  of  alcoholic  potash  on  the 
preceding.     It  is  an  oily  liquid  which  gives  off  hydrochloric  acid  when  distilled. 

Chloride  of  Trichlorethylene,  C«HC1»  »  C^HCl'.Cl".— Produced  by  the 
action  of  chlorine  on  Butch  liquid.  It  is  liquid  at  0°  C,  has  a  rather  fragrant  odour 
and  hot  sweetish  taste.  Specific  gravity  »  1*66267  at  Q^  C.  Boiling  point,  163*8° 
under  a  pressure  of  763*36  mm.  Vapour-density,  observed  »  7*087,  calculated  (2  vol) 
■i  7*016.  Alcoholic  potash  decomposes  it,  with  great  rise  of  temperature^  yielding 
chloride  of  potassium  and  the  following  compound  :— 

Perchl  or  ethylene  or  Dichloride  of  Carbon,  CCl*. — ^Produced  also  by  several 
other  reactions  (i.  767). 

Chloride  of  Perchlorethylene  or  Trichloride  of  Carbon,  CCl^-CCl^.Cl*. 
— Produced  b^  the  continued  action  of  chlorine  on  chloride  of  ethylene  or  its  chlori- 
nated derivativee,  and  by  sevenl  other  reactions  (L  766). 
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caXiORZOBins  or.  C'H*CIL  (MaxwolISimpsoc,  Proe. 
Roy.  S<>c«  x\.  690:  xii  278). — Prodxict'd  by  passing  ethylene-gas  into  aqueous  chloride 
of  iodine,  or  by  iigitufing  itwiide  of  ethylene  with  the  same  solution  containing  free 
iodine ;  the  former  pn>ef?Jia  in  to  be  preferred.  The  reddish  oil  which  collecti  at  tho 
bottom  of  the  liquid  in  washed  with  dilute  potash  and  distilled. 

Chloriodifle  of  ethylene  ia  a  colourless  oil  baviog  a  awect  taate  and  ilightly  soluble 
in  water.  Specific  gravity  =  2'151  at  O**  C,  Boila  at  145^—147^  C.  Heated  with 
alcoholic  potash,  it  decomposes,  yielding  iodide  of  potassium  and  a  gas  which  burn* 
with  a  green  flame,  and  ia  probably  chloride  of  rinyl,  CH'Ci 

SraTmfiWS,  CTJkWZOll  01>.  C*H*N2  -  C'H'.Cy'.—Obtamcd  by  the  action 
of  cyanide  of  pj>tsifisiiin:i  on  br<»Tnidp  or  ehloride  of  eth^dene  (aee  p.  212), 

STITTXiZlIf  15,  nT^m^mxnWi,  I^SCSlkOSSSBt  and  nZ-ZOllZSB  OW^     Sea 

EtHYT  RNK,   nftr)>f![}F,   CHTA>Tin>ll,  illld  lOTHDB  OF, 

STST^BHTli,  STBT^Al^sa  ax*«  (^artx,  Aun.  Ch.  Phann.  CTiii.  84.)  — 
Thempn<f0thylate  or  ethyl-glgcf>l,  C*H'W  =  c^h*H  1*^**  ^^  produced  by  the 
acdon  of  iodide  of  ethyl  on  ^^thylenate  of  Bodium : 

(Na,H){^       ^     1.111     -     Wal     +     Q.^-Ht*^* 
It  ifl  an  Hhepftftl  liquid,  boiling  somewhara  about  130°  C,  but  it  baa  not  been  obtained 
quita  free  from  the  following  compound. 

Ditthylait  of  Ethylene,  or  Difthyl-glycol     C«H"0*  =  [^'^*nO*.  — The 

preceding  compouad  treated  with  potagsium  yields  the  compound  K^TVa  i-  J  0* ;  and 
this,  when  treated  with  iodide  of  ethyl,  yioldi  diethylatc  of  ethylene: 

It  ia  a  colourless,  Tery  mobile  liquid,  having  a  fi*ugrant  ether»?al  odour.  Specifle" 
gravity  =  07993  at  0**  C.  Boils  at  123  5^  under  a  pressure  of  768-8  mm.  Vapour- 
density,  obs.  =  4095  I  calc,  =  4030.  It  is  isomeric  with  aeetal,  but  is  di^tingmshed 
therofrom  by  it-s  higher  boiling-p>int,  acetal  boiliug  at  104^  C. 

ZTHTX^BirS,    BTDR&TBS    OF«— STBTIBBZO    AXiGOBOXiB,       Theae_ 
lx>diQS,  which  may  bo  regarded  as  compoandB  of  oxide  of  ethylene  and  water^  ai^  ] 
presented  by  the  general  formula : 

(C*H*0)-,H»0    =    ^*^'^7(< 

The  first  term  of  the  serias  (tt  ss  1)  was  discovered  by  Wurts  in  1856  ;  tho  vest^  iq)  \ 
n  E=  6,  were  obtaiiied  by  Wurfz  and  by  Louren<jo  in  1859  and  1860, 

fiirther»  and  in  de^tiul, 
Ann.  Ch.  Phya"  [3]  Iv.  400 ;  Ann.  Ch.  Pharm.  8uppb  L  85.)— The  term  fflu<^,  formed 
f^om  the  first  ayllable  offffycerm  and  the  last  ofak'ohol,  denotes  that  the  compound,  M 
a  diatomic  alcohol,  is  intermediate  between  alcohol  and  glycerin,  which  are  reapectively 
mono-  and  tri-atomic. 

Preparation. — Thin  compound,  the  type  of  the  diatomic  alcohols,  ii  obtained  by  dia- 
tilling  the  diacetate  or  monoacetate  of  ethylene  with  potash : 


0"*V 


Koae^ettiyleiilo    iAJoobolf    OI700I. 

(Wurtz,   Corapt.  rend,   xliii,    199;  Ann.  Ch.  Pharm.   c.  110 
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L  Diacetate  of  ethylene  fG'15)  grm.  is  mixed  in  a  fl«sk  with  hyilrate  of  potassiom 
(472  grm.),  previously  ignited  and  pulverised,  A  briak  action  teamed intely  takei 
place,  and  af^er  the  lapse  of  a  day^  a  masa  of  acetate  of  potaasium  is  found  in  the  flask.  • 
The  mijcturo  is  then  heated  to  180°  C.  in  an  oil-bath^  and  after  a  siuall  distillation- 
tube  has  bcon  adapted  to  the  flaek,  the  heat  is  ruifled  to  between  250°  and  260°,  A 
oolotirless  liquid  then  paBses  over»  which  is  to  be  rectified^  ftnd  tho  portion  which  dii* 
tils  between  190^  and  200°  collected  apart.     (Wurt?.) 
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2.  Atkinson  (PhiL  Mag.  [4]  xri  433)  prepares  glycol  by  the  action  of  potash  or 
baryta  on  monaacetate  of  ethylene,  p.  668.  According  to  Debus  (Ann.  Ch.  Pharm.  ex. 
316),  the  quantity  of  glycol  thus  obtained  is  only  about  half  the  calculated  quantity, 
the  loss  apoarently  arising  from  the  formation  of  a  compound  which  is  but  slowly 
resolved  by  heat  into  glycol  and  acetate  of  potassium.  He  therefore  recommends  the 
following  process :  — 

3.  The  monoacetate  of  ethylene  mixed  with  an  equal  volume  of  water  is  exposed  for 
twelve  or  sixteen  hours  in  a  strong,  well-corked  flask,  to  the  temperature  of  boiling 
water,  whereby  it  is  for  the  most  part  resolved  into  acetic  acid  and  glycol.  On  distill- 
ing the  contents  of  the  fiask,  water  and  acetic  add  pass  over  below  150^  C. ;  glycol 
mixed  with  a  considerable  quantity  of  the  undecomposed  acetate  between  150^  and 
190^ ;  and  above  190^,  glycol  containing  a  comparatively  small  portion  (about  15  per 
cent)  of  the  acetate.  The  portion  boiling  between  150^  and  190^  is  again  heated  with 
water  in  a  dose  vessel;  the  portion  of  the  product  which  distils  above  190°  is  mixed 
with  the  former  portion  boiling  at  that  temperature ;  the  whole  is  distilled  with  a 
quantity  of  solid  potash,  just  suffident  to  neutralise  the  acetic  add ;  and  the  liquid 
which  passes  over  at  245°  is  rectified.     Glycol  is  thus  obtained  boiling  at  196°. 

In  idl  processes  for  obtaining  glycol  from  the  acetates  or  other  compounds  of 
ethylene,  excess  of  alkali  is  to  be  avoided,  as  it  greatly  diminishes  the  quantity  of  the 
product ;  in  general,  also,  hvdrate  of  barium  is  preferable  to  potash.  The  foUowine 
method  gives  good  results  when  rather  large  quantities  of  glycol  are  to  be  prepared. 
The  mixture  of  mono-  and  diacetate  of  ethylene,  boiling  between  180°  and  190°, 
which  is  obtained  by  the  action  of  bromide  of  ethylene  on  acetate  of  potassium 
(pp.  566,  567),  is  mixed  with  as  much  hydrate  of  barium  as  would  be  sumciont  to 
decompose  it  were  it  all  pure  mono-acetate  of  ethylene,  and  the  mixture  is  heated  in 
a  water-bath  till  the  alkaline  reaction  disappears ;  a  further  quantity  of  hydrate  of 
barium  is  then  added  in  small  portions  at  once,  the  mixture  being  heated  for  an  hour 
or  more  after  each  addition,  until  the  alkaline  reaction  becomes  permanent.  The 
greater  part  of  the  acetate  of  barium  thus  formed  ciystallises  out  on  cooling ;  the  - 
crystals  are  separated  and  washed  with  alcohol,  the  alcoholic  washings  being  added  to 
the  liquid  drained  from  the  crystals,  whereby  more  acetate  of  barium  is  precipitated ; 
this  is  separated  by  filtration ;  and  the  filtrate  then  yields  pure  glycol  by  fractional 
distillation. 

4.  Glycol  is  also  produced,  together  with  diethylenic  and  a  small  quantity  of  tri- 
ethylenic  alcohol,  b^  the  direct  combination  of  water  with  oxide  of  ethylene.  When 
oxide  of  ethylene  is  heated  with  water  for  several  days  in  a  strong  sealed  flask,  a 
sweetish  liquid  is  obtained,  from  which  glycol  may  be  separated  by  fractional  distilla- 
tion.    (Wurti,  Ann.  Ch.  Pharm.  cxiii.  255.) 

Properties. — Glycol  is  a  colourless,  inodorous,  somewhat  viscid  liquid,  of  specific 
gravity  1'125,  boiling  at  197'5°  C.  It  mixes  with  water  and  with  alcohol,  but  is  only 
slightly  soluble  in  ether.  It  dissolves  hydrato  of  potassium,  chloride  of  calcium, 
chloride  of  sodium,  chloride  of  zinc,  trichloride  of  antimony,  and  mercuric  chloride  ; 
carbonate  of  potassium  in  small  quantity,  the  sulphate  scarcely  at  aU. 

DeeompotUions. — 1.  Glycol  is  easily  oxidable.  When  it  is  dropt  on  platinum-black, 
the  metal  becomes  incandescent,  and  carbonic  anhydride  is  given  off.  If  the  action  be 
moderated  by  diluting  the  glycol  with  water,  and  the  oxygen  of  the  air  with  carbonic 
anhydride,  glycolic  add,  C*H*0*,  is  produced  by  the  oxidation. — 2.  Dilute  nitric  acid 
at  mean  temperatures  converts  glycol  into  glycolic  add,  at  higher  temperatures  into 
oxalic  acid  (Wurtz).  When  ^ycol,  diluted  with  four  times  its  volume  of  water,  is 
placed  in  a  tall  vessel,  strong  nitric  acid  poured  in  through  a  long  tube-funnel,  so  as  to 
form  a  layer  at  the  bottom,  and  the  whole  heated  to  about  30°  C,  glycolic  add,  gly- 
oxylic  add,  C*H*0*,  and  perhaps  also  glyoxal,  C*H*0*,  are  formea  (Debus,  Aim. 
Ch.  Pharm.  ex.  816). — 3.  Glycol  heated  to  250°  C.  with  hydrate  of  potassium^  is  con- 
verted into  oxalic  add,  with  evolution  of  hydrogen : 

C«HK)«    +    2KH0    =   C^*0«    +    H». 

4.  Glycol  heated  with  chloride  of  zinc  is  dehydrated,  and  yields  aldehyde,  C*H*0 
(isomeric  with  oxide  of  ethylene),  and  acraldehyde,  C*H*0',  a  polymeric  modification 
of  aldehyde,  boiling  a1W10°0.     (Wurtz,  Bauer,  R^p.  Chim.  pure,  1860,  p.  244.)— 

5.  Glycol  heated  with  oxygen-acidi  yields  ethylenic  ethers  containing  1  or  2  at  of 
the  add  radicle,  according  to  the  proportions  used  (Lour en 90,  BulL  S^  Chim.  Nov. 
1859 ;  Ann.  Ch.  Pharm.  cxiv.  122),  e.g. : 


Otfcol.  AMtlcadd.       MonowwUte 
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6.  Heated   with  hydrochloric  acidf   it  yields  liydroxycMorido  of  ethylc 
chlorhy  diin  ).    (W  u  r  t  e.  ) 


(gtyoolic 


C^ll' 


%\o' 


HCl 


CI 


"       H    Jo 


H=0. 


Simil&r  reac6ons  with  hydroffro^nw  and  kydrhdic  acids  (Warts). — 7.  Peniaehixtride 
^photph&rus  acts  Tioleatly  on  glycol,  formitig  dichloride  of  ethylene  (Wurtz)  : 

^j^'fo'     +     2PCl» 


C^1I*C1*      +     2Pa*0     +     2HCL 


8.  Glycol  is  likewise  Btpongly  attacked  hj  the  cMorldes  of  acettfl^  hutyryJ,  and  othir 
monatomic  aeid  radicles,  yielding  ocetoxy chloride  of  ethylt^oei  &a  (Lour&n^o, 
p.  670) ;  tkm  t 

Cg*j0.     .     CH.O.C,     =     gllolgl     .     H.O. 

The  s&me,  and  analogous  componnds,  ^r%  obtained  by  heating  glyc?ol  with  a  fatty  acid 
and  hydrochloric  or  hydriodic  acid :  e.  g. 


o» 


C'H-Ojo 


HCl 


C^H*  (CI 


2H»0. 


9«  Glycol  heated  with  iodide  qf  eih^l  is  partially  decomposed,  yielding  monoethylata 
of  ethylene  (p.  676). 

EthyUnate9  of  Sodiu w».— Sodium  acts  rapidly  on  glycol,  eliminating  hydrogen 

C*H*  \ 

ajid  forming  monosodic  ethylenate  or  monoeodip  glyeol^^    T^[0^awhite 

crystalline  substance,  which,  when  treated  with  iodide  of  ethyt  yields  iodide  of 
sodium  and  monoethylate  of  ethylene  (p»  674).  Heated  in  a  sealed  ttibe  with  brom- 
ethylene  (bromide  of  vinyl),  C^H'Br,  it  yields  ethylene  gas  and  glycol,  together  with 
bromide  of  sodium  and  a  amall  quantity  of  a  sodium-aalt  which  is  soluble  in  alcohol 
and  when  decomposed  by  Bulphurie  acid^  ^lelda  iin  acid  having  the  odour  of  acetic 
acid,  but  exerting  a  reducing  action  on  ailvpr-«alt«.     (Wurtz.) 

Mono«odic  ethyleuate  fused  with  excess  of  sodium  iis  slowly  oonrert^  into  disodic 

othylonateordisodic  glycol,  C^*.Na*,0^  This  compound  heated  with  dibromido 
of  ethylene  in  a  flask  connected  with  a  weD  cooled  receirer,  yields  bromethyleue, 
togethe^r  with  glycol  and  bromide  of  sodium  (Wurtz)  : 

0*H*Na*0«  +   2C^H*Br'  ^  2C=H*Br  +   CBSP  +'  2NaBiv 


Folyethyltmic  Alcohols, 

These  compounda,  whose  composition  is  represented  by  the  general  formula  gtt 
oa  p.  674,  when  n  =  2  or  upwards,  are  prodnced  in  the  following  ways: 

1*  By  heating  oxide  of  ethylene  with  water   in   sealed  tubes.     In   this  mann 
Wurtz  obtained  diethylenic  alcohol,  together  with  monethylenic  and  a  omall  quaatilj 
of  trie  thy  lenic  alcohol 

2.  By  heating  oxide  of  ethylene  with  glycol  in  sealed  tubes :  this  leaction 
diethyknic  and  triethylemc  alcohols.  (Wurtz.) 

3.  By  liiBtilling  the  correspontling  polyethylenic  diacetatea  (p.  5(J8)  with  an 
the  general  equation  of  the  decomposition  being: 


(C^H'O)*} 


0'+»     + 


H'i 


0* 


(c^;).|o... 


2[^'r\o  ]. 


By  fJiis  process,  Wurtx  obtained  the  di-,  fcri-,  and  tetr*ethylenic  alcohols. 

4.  By  heating  glycol  with  dibromido  of  ethylene  to  llO*^ — 120^  C.  in  se-aled  tubes. 
The  first  produetH  of  the  reaction  are  diethylenic  alcohol,  glycolio  bromhydrin  {hj' 
droxybromido  of  ethylene),  and  water,  as  shown  by  the  equation  : 


Gljrcal. 


+     C^H^Br* 


(^?;)>.  .  2[f 'joj  ,  ^^ 


Dfbrotfilde  of  Dbthjlenle  Gifcniic 

etbflene«  nlcobfiL  Uromhjdrln. 

and  the  other  poly ethylenic  alcohols  are  formed,  each  from  the  one  next  below  it  io  thA 
serieSi  by  the  action  of  the  glycolic  hromhydrin,  according  to  the  general  equation : 


^Tn°-*'    ^1?lBr     ■=     ^""'^rio-^     *     HB,. 


ETHYLENE,  HYDROXYBROMmE  OF.      577 

The  hjdrobiomie  acid  thns  formed  then  acts  on  the  excess  of  glycol  present^  repro- 
ducing glycolic  bromhydrin,  and  thus  the  aation  is  continued.  By  this  process,  the  2-, 
8-,  4-,  6-,  and  6-ethylenic  alcohols  have  been  obtained,  and  separated  by  fiuctional 
distillation ;  and  when  a  sufficient  excess  of  glycol  is  present,  the  temperature  being 
still  kept  between  110®  and  120^  0.,  still  higher  members  of  the  series  are  obtained, 
becoming  continually  more  viscid,  and  each  differing  from  the  preceding  in  boiling- 
point  by  about  46^  C  If  the  temperature  of  the  mixture  is  allowed  to  rise 
above  130°,  the  Uqpid  turns  brown  and  yields  the  hydrobromic  ethers  of  the  poly- 
eUiylenic  alcohols  instead  of  the  alcohols  themselves,  the  hydrobromic  acid  produced 
by  the  reaction  then  acting,  not  only  on  the  glycol,  but  likewise  on  the  polyethylenie 
alcohols.  (Louren90,  Compt.  rend.  li.  365;  B^p.  Chim.  pure,  ii.  467;  Ann.  Ch. 
Fharm.  cxviL  269.) 

The  polyethylenie  alcohols  may  be  supposed  to  be  formed  by  the  union  of  two  or 
more  molecules  of  glycol,  with  elimination  of  a  number  of  molecules '  of  water,  less  by 
one  than  the  number  of  molecules  of  glycol  which  enter  into  the  combination  generally : 

(cg*)-Jo.*.   -  .[<g'jo.]   -  („-i)H.a 

IMelliTleBlo  AloolftoL    C«H»»0«  =   ^^^*)'|o»  -(C"H«0)«.HK).  (Louren9o, 

BulL  Soc  Chim.  1859,  p.  77.) — This  compound,  the  first  discovered  of  the  polyethy- 
lenie alcohols,  contains  the  elements  of  1  at  oxide  of  ethylene  and  1  at.  glycol, 
(C"H*0  +  C*H*0*),  and  hence  was  originally  called  "  intermediate  glycol-ether."  It 
is  prepared  by  heating  3  at.  glycol  with  1  at.  dibromide  of  ethylene  (equal  weights  of 
the  two)  to  120°  C.  in  a  seued  flask  for  four  days.  Other  modes  of  formation  have 
already  been  mentioned. 

It  is  a  sweetish  syrupy  li(juid,  boiling  at  about  245°C.,  soluble  in  water,  alcohol, 
and  ether.  Vafwur-densitT^,  observed  »  3*78  at  31l°C. ;  calculated  ^r  3*67 
(Louren9o).  It  is  easily  oxidised  by  contact  with  platinum-black,  or  by  treatment 
with   nitric    add;    the   latter   converts    it   into    diglycolic  acid,    C^HK)*    «■ 

OT         1 0*,  an  acid  isomeric  with  malic  acid,  and  related  to  diethylenic  alcohol, 

(^g*)'|o«,intiiesamemannerasglycoHcacid,^^2'|^'»  to  glycol,  ^g,* 1 0»,  both 
these  adds  containing  the  diatomic  radicle  glycolyl,  C*EH),  derived  from  ethylene, 
CH*,  in  the  same  manner  as  acetyl,  CH'O,  from  ethyl,  C^H' ;  viz.  by  the  substitution 
of  0  for  m    (Wurtz). 

THethylemoAlcolioL  C^"0*  «  (  ^^J^',|o*  -  (C«H*0)»  HK).  —  This  com- 
pound is  best  prepared  by  heating  oxide  of  ethylnne  with  glycol  in  a  sealed  tube 
(2C»H*0  +  (?H«0«  «  C«H'*0«).  The  chief  product  of  this  reaction  is,  however, 
diethylenic  alcohol ;  but  after  this  has  been  removed  by  fractional  distillation,  the  re- 
sidue yields  at  about  290°  C.  a  very  thick  liquid,  which  is  triethylenic  alcohoL  (Wurta.) 

This  alcohol  is  likewise  easily  oxidised  by  platinum-black  and  by  nitric  add,  the 

latter  converting  it  into  diglycolethylenic  acid,  C^"0«  «  (C*H«0)«lo», 
(Wurtz.) 

TMretb^Aiiio  AIooHoL    C^»0»  -     (^"^^.^jo*     -    (C^<0)*.H«0. -Boils 

under  the  ordinary  pressure,  above  300°  0. ;  in  a  highly  rarefied  atmosphere  (under  a 
pressure  of  0*025  mm.)  at  230°  C.    (Louren^o.) 

Veatetlijleiilo  AlcoboL  C"H«0«  -  ^^^^|  0*  -  (C^«0)».H*0.— Boils  at 
230°  under  a  pressure  of  0*025  mm.    (Louren^o.) 

Besetbytomo  AlooHoL  C'«H«^)'  -  ^^*^^I|o^  -  (CH*0)«.HK).  —  Boils  at 
325° under  the  same  pressure.    (Louren90.) 

■TVIXBWBf  HTlWO»TB»OMrD»  Or.  C«H»BrO  »  (Cm*y.HO.Br. 
Glffcolie  Bromhydriny  Glycol  bromhydrique.  (Lourcnco,  BulL  Soc  Cuim.  de  Paris, 
L  77.)— Produced,  together  with  diethylenic  alcohol,- by  heatinf*  8  at  monethylenic 
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alcohol  (ghcol),  witli  1  at  bromide  of  ethylene  (equal  weiglita  of  the  two),  to  130®  C, 
in  u  sealed  dank : 

3(c^ir^mo»)  +  c%*Bf»  =  (C''H*)»,mo»  +  2(c^ia«ji03r)  +  h«o. 

STBTX.ES1I,  H7IIKOSTCSX.ORXSS  OF.  C'H^CIO  -  (C^*)"  I^^.a 
Glt/cohl'  Chlorhydrin,  Glt/col  chlvrht/drique.  (WurtK,  Ann.  Ch.  Phami.  ex,  125.) 
— Obtained:  1.  By  saturatiDg  glyct^lwitfa  hydrochloric  add  gas,  heating  tho  liquid  to 
lOC^  C.»  repeating  these  operations  till  the  liquid,  on  being  remoTed  from  the  tnl>«, 
no  longer  gives  off  fumea  of  hydjochloric  a<?id»  and  rectiiying  (Wurtx).— 2.  By  heat- 
ing plycol  to  lOC^  C.  with  disulphide  of  chlorine  in  a  flask  provided  with  an  upright 
condensing  tnbe  t 

2(^^J|0*)    +   2a«S»  «   2(c4l«|^j^)  +  2HC1  +   SO'  +  S". 

Tho  sulphide  of  chlorine  must  be  added  lit  one©  in  slight  excesa,  otherwue  am  into- 
lublc  compound  (perhaps  a  sulphurous  ether)  is  produced  at  the  same  time.  The  heat> 
ing  is  eontinned  as  long  as  atiy  gas  is  evolved;  the  product  is  dissolved  in  ether; 
decanted  fn^m  the  sulphur  which  aep^Lrates  ;  then  shaken  up  with  moist  cafbonat4>  of 
pOtaaeiuiD,  and  distilled  aflter  the  ether  has  been  evaporated  off  over  the  water-bath. 
^e  product  amounts  to  nearly  the  theoretical  quantity,  (Carius,  Ann.  Ch. 
IPbarm.  cxxiv.  267.) 

Hydroxychloride  of  ethylene  is  a  colourless  neutral  liquidf  boiling  at  128^C.,BolQb]e 
in  water^  burning  with  green  cjoIout  in  tho  flame  of  a  lamp  (Wurtz).  diluted  with 
balf  its  volume  of  wat^,  and  treated  with  9odium-<tinalgam^  it  is  converted  into  com- 
mon alcohol*  C*H*0,  the  change  consisting  i&  the  replacement  of  an  atom  of  chlorine  by 
an  atom  of  hydrogen  (Lou  re 090,  Compt.  rend,  lii,  1043).  Treated  with  an  alcoholic 
solution  of  gviphydraU  of  potaMium^  it  yields  oxysulphydrate  of  ethylene,  0^11**^^0. 
(Caritis.) 

ETBTl.£irBp  HTBBOXTXOBroS  OP.  DH^IO  ->  (C*II«)"  HO.L  Gl^- 
colk*  Ittdht/Jrin^  Glt/col  k*dht/Jnqn€.  (Maxwell  Simpson,  Proc.  Roy.  Soc.  Jt,  Hi*!.) 
— llydriodie  acid  is  rapidly  absorbftd  by  glycol,  great  beat  being  evolved.  «nd  the 
liquid  becoming  black  and  thick  from  separation  of  iodine;  and  on  removing  the 
iodine  by  dilute  potash,  a  mass  of  white  crystals  is  obtained,  oonaistiiur  of  iodide  of 
ethylene : 

C^HSH=.0»  +  2HI  -  C*H*I'   ■►    SH'O. 

But  if  the  temperature  be  prercntod  from  rising  by  surroundinff  the  Tessel  with  cold 
water  during  the  passage  of  tho  gas,  a  liquid  product  is  obtained^  which,  after  being 
treated  with  metallic  suver  to  remove  free  iodine,  exhibits  approadmately  the  compo- 
sition of  glycolic  iodhydrin,  tiz.  11-1  per  cent  carbon  and  3 '5  hydrogen,  the  formula 
C?H»IO  requiring  13  9  C.  and  3  0  H. 

It  ia  soltible  in  water  and  alcohol,  but  insoluble  in  ether.  It  baa  no  taste  at  first, 
but  almost  bmrno  the  tongue  after  a  time.  It  is  decomposed  by  heat,  yidding  iodide 
of  ethylene,  and  probably  glycol : 

2(C'HM.H0)  ^   C'HM'  +   C'H*.HO.HO. 

It  acts  with  great  eni^rgy  on  silver-salts.  Potash  decomposes  it,  yieldiug  Iodide  of 
potassium  and  oxide  of  ethylene. 

BTBYXSirB,  ZOBras  aP.  C=H^I'.— Discovered  in  1821  by  Fa  radar  (Ann, 
Phil.  xTiil  118);  examined  also  by  Regnanlt  (Ann.  Ch.  Pbys.  lix,  367),  D  Arret 
(rinstitut,  1830,  No.  im\  and  E.  Kopp  (J.  Phiirm.  [3]  vL  ilO).  It  is  produced  1 
1.  Uj  the  direct  combination  of  iodine  and  ethylene  in  minshine  (Fnrad»y).  or 
under  the  infloenee  of  a  heat  of  60^^60°  C.  (Rcgtiault), — 2.  When  vapour  of  iodide 
of  ethyl  is  passed  through  a  rtid-hot  porcelain  tube  (E.  Kopp) : 

2C*H^r  =  Cr-'H^P   +   CH*   -i-   HI 

3.  By  the  action  of  hydriodic  acid  on  glycol  when  the  liquid  is  not  kept  cool  (Simpson). 
It  18  easily  prepared  on  the  small  scale  by  piis&ing  ethylene  gas  over  gently  neatwl 
iodine,  part  of  the  product  then  subliming  in  colourles§  needles^  To  obtain  hirger 
quantities,  the  iodine  is  heated  in  a  long-necked  fliisk,  and  a  stream  of  ethyl cn<^  gas 
directed  on  to  its  surface.  The  heat  is  raised  very  gradually,  and  as  soon  as  the 
mass  has  become  liquid,  the  ga?  ia  passed  into  it.  By  this  means  a  brown  liquid  is 
at  length  obJained,  which  cry>itallifles  on  cooling.  It  is  purified  from  excess  of  iodine 
by  washing  with  dilute  potash,  and  finally  recrystnUised  from  alcohol  (Regnault) 
Iodide  of  etliylene  cr}rstallisc8  in  colourle^  m^dles  or  priwms,  melts  at  75^  C,  and 
sublimes  ejisily,  but  with  partial  decomposition  ;  it  is  only  in  an  atmosphere  of  hy- 
drogen or  ethylene  gas  that  it  can  be  "^ublimod  in  perfectly  colourless  cry&tals.     It  is 
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insoluble  in  water^  bnt  dissolyes  easily  in  ether  and  in  boiling  alcohol^  from  which  it 
djstiillises  for  the  most  part  on  cooling. 

Iodide  of  ethylene  is  easily  resolved  into  ethylene  and  iodine,  this  decomposition 
taking  place  slowly,  even  at  ordinazr  temperatures,  especially  under  the  influence  of 
light.  At  85^  C.  it  takes  place  rapidly,  either  in  the  air  or  in  vacuo.  It  bums  when 
held  in  the  flame  of  a  spirit-lamp,  giving  off  vapours  of  iodine  and  hydriodic  acid. 
Chlorine  or  bromine  converts  the  compound  into  chloride  or  bromide  of  ethylene,  the 
iodine  being  partly  set  free,  partly  uniting  with  the  chlorine  or  the  bromine.  Aqueous 
potash  acts  but  slowly  upon  it,  even  at  the  boilinjg  heat ;  but  when  boiled  with  alco- 
mdie  potash,  it  is  completely  decomposed,  partly  into  ethylene  and  iodine,  partly  into 
hydriodic  add  and  iodethylene,  CH'I. 


ZOBATSB.  C«H*I.  Iodethylene,  Iodide  of  Fiwy/.— Prepared 
by  distilling  iodide  of  ethylene  with  a  strong  alcoholic  solution  of  potash,  the  receiver 
being  kept  at  a  low  temperature.  On  adding  water  to  the  distillate,  iodethylene  sepa- 
rates as  a  colouriess  liquid,  having  an  aUiaceous  odour.  It  is  insoluble  in  water,  but 
very  soluble  in  alcohol  and  ether.  Nitric  acid  decomposes  it,  separating  iodine  and 
red  vapours.     (Regnault,  loc.  cit, — ^E.  Kopp,  Compt.  rend,  xviii.  871.) 


.  ZOBOCB&ORZBB  01».  C^^CU.—Obtained  by  amtating  an 
aqueous  solution  of  chloride  of  iodine  containing  a  trace  of  free  iodine  with  iodide  of 
ethylene,  till  the  latter  is  converted  into  a  black  oily  liquid,  washing  this  liqmd  with 
dilute  potash,  and  distilling : 

CH^P  +   CU  =  CH^CII   +  P. 

It  is  a  colourless  liquid  having  a  sweet  taste,  slightly  soluble  in  water,  boiling  at  about 
147^0.  (Maxwell  Simpson,  Proc.  Roy.  Soc.  xi.  390;  R^p.  Chim.  pure,  1862, 
p.  350.) 

BTBT&BVB,  OZZBB  OV.  C^II^O.  Ethi/lenic  ether,  Glycofic  ether.  (Wurts 
[1869],  Compt.  rend,  xlviii.  101 ;  Ann.  Ch.  Pharm.  ex.  126 ;  R^p.  Chim.  pure,  i.  222 ; 
m  detail;  Ann.  Ch.  Phys.  [3]  Iv.  418.  427  ;  Compt.  rend.  xlix.  398;  Ann.  Ch.  Pharm. 
cxiv.  61 ;  Compt.  rend.  L  1195 ;  Ann.  Ch.  Pharm.  cxvi.  249  ;  R^p.  Chim.  pure,  ii.  340 ; 
Compt  rend.  liiL  378;  liv.  277;  R^p.  Chim.  pure,  1862,  p.  16,  176;  Chem,  Soc.  J. 
XV.  387.) 

This  compound  is  produced  by  the  action  of  potash  on  glycolic  chlorhydrin.  Chlo- 
ride of  potassium  then  separates,  and  oxide  of  ethylene  is  given  off  in  vapour,  which 
may  be  condensed  in  a  receiver  surrounded  with  a  frigorific  mixture  and  containing 
a  few  lumps  of  chloride  of  calcium,  over  which  the  product  may  be  afterwards  rec- 
tified. 

Oxide  of  ethylene  is  a  transparent  colourless  liquid,  boiling  at  13*6®  C,  under  a  pres- 
sure of  746-6  mm.    Vapour-density,  ob8.«ail-422  ;  calc.=  1'625  (=■  — -^ x 

0*0693).  It  is  isomeric  with  aldehyde,  but  is  distinguished  from  that  compound  by  its 
boiling-point  (aldehyde  boiline  at  21°  C),  and  by  its  strong  basic  properties.  It  does 
not  unite  with  the  acid  sulphites  of  alkali-metals,  and  does  not  form  with  ammonia 
a  compound  analogous  to  aldehyde- ammonia  (i.  107). 

Oxide  of  ethylene  mixes  in  all  proportions  with  water  and  with  alcohoL  The 
aqueous  solution  treated  with  aodium-^imalffam  in  a  vessel  cooled  by  a  freezing  mixture 
yields  ethylic  alcohol : 

C*H<0     +     H»     =     C»H«0. 

The  liquid  remaining  after  the  alcohol  has  been  distilled  off  contains  glycol  and  the 
polyethylenic  alcohols.     (Wurtz,  R^p.  Chim.  pure,  1862,  p.  177.) 

Oxide  of  ethylene  is  a  strong  base,  uniting  directly  with  acids,  e,ff.  with  hydrochloric 
acid  to  form  hydroxychloride  of  ethylene  or  glycolic  chlorhydrin  (p.  677),  CH^O.HCl ; 
with  acetic  acid  to  form  monoacetate  of  ethylene,  C^^O.CH^O* ;  with  acetic  anhydride 
in  various  proportions,  formina:  diacetate  of  ethylene,  CH^O.C^H'O*,  and  the  several 
polyethylenic    diacetates    included    in    the    general   formula,   (CH*0)".C*H*0*   » 

fC^IPm*!^'**   (p.  668).     In  like  manner  it  unites  with  water,   forming  glycol, 

C»n«O.H«0,  and  the  polyethylenic  alcohols,  {^WOy.WO  .  ^  gl^'|o«t»  (p.  574). 
wliich   may    also  be  regarded  as  compounds  of  oxide  of   ethylene    with    glycol. 

Oxide  of  ethylene  precipitates  maffnesia,  alumina,  ferric  oxide,  and  cupric  oxide,  us 
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hjdmlM,  from  the  aolutioim  of  their  salt*,  and  is  itaelf  precipitatied  by  potash  or  Umt 
from  ita  combmation  with  hydiocliloric  acid.  When  it  ia  sealed  up  in  li  tUisk  with  a 
strong  solution  of  ehtcride  of  tnagnfMum  for  s^Ti^ral  lionrfl,  hydrate  of  magnesium  ia 
depoutedi  And  glycolic  chlorhydruD  remains  in  solution : 

CH*.0   +   Mga  +  HK>   =-  0=H*O.HC1  +   MgHO. 

Ojddje  of  ethylene  unites  directly  with  water ^  formiog  glycol  and  the  polyetbylenic 
jJcoholfl  (W«rt«) ;  with  sulpht/dnc  add^  forming  ({vrobabTj)  sTilphydnc  glycol  and  the 
poly ethy lenLi;  oxysulphy drat e«  (Foster,  p.  582);  with  dromtiw,  forming tJic  compouiMi 
t^C*H*0)%Br=;  With  awiwftow«i,t«formtheethylene-hydoramine8,  (C?*HK>)*.NH*  (p.  698); 

""'^'     -Oxide  of  cth 
(Foster.) 


H 


rith  aldehyde^  forming  the  poljrmeric  componnd,  C*H*0*, — Oxide  of  etbyleno  Taponr 
is  absorbed  by  eM&ride  of  calcium  at  common  t<amperatures.     '" 


Campounii  polj^mtric  wiih  Oxide  of  JSi^kn«>, 


cm*} 


Dioxtth^ltne,      C*H*0*  —    q^tt i f  O'.— Bromide  of  ethylemc  oxide  subjected  to 

^0  action  of  rfniacing  agonta*  such  as  sulphydric  acid  or  metal**,  pvw  up  ita  bromine, 

and  is  coaverlL*d  into  thia  compound.     The  reduction  in  best  effbtired  with  mercuiy. 

On  Icaxing  thi»  metal  in  contact  with  the  bromine-compound  in  a  tubo  for  twenty-four 

boors,  a  colom^eas  mass  ia  obtained,  consisting'  of  bromide  of  mGrciiry  impregnAtod 

with  a  Tolatile  liquid,  which  may  be  dlatiUed  om 

TLiB  liquid  has  a  faint  hnl  pleaaant  odour,  cryBtalliaea  at  90^  Cn  boils  at  102°. 

SpeclEc  grarity   1*0482.      Vapour^^eoaity,    obs.   «   3^10;    calc.   (2   toL)   »    3i)47 

4  12  +  8  1  -i-  2   16 
( *=  — ^ — ■ — '—^  m  0*0693).    It  ia  aoluble  in  alcohol  and  ether;  aa  not  attacked 

by  ammonia;  unites  slowly  with  acetic  anhydride  at  120**  C. 

Dit>xy ethylene  is  probably  the  ether  of  diethyl poic  alcohol,  (C*H*0)*JPO  —  IPO  » 
CHK)';  it  is  perhaps  abo  a  homologuo  of  Buttlerow'a  dioxymethylene,  produced  by 
the  action  of  oxide  of  lead  or  oxide  of  silver  on  iodide  of  methylene. 

Compound  of  Etht/lmic  Oxide  tcHA  Aldehyde.  C*H'0«  -  OW0XP1I*0, 
(Wurtz,  E^p.  Ctiim.  pure,  1802,  p.  16.)— Obtained  by  heating  aldfthyde  to  100*' C  for 
a  week  with  eieeea  of  glycol^  and  submitting  the  liquid  pmduct  to  ftricflonal  distilla- 
tion. The  componnd  C*J1*0*  then  paa^s  oTer  below  100*^,  afterwarda  water  and 
glycol. 

The  compound  of  ethylemc  oxide  and  aldehyde  ia  a  coloitrlwa  liquid,  lumng  an 
agreeable,  but  rather  pungent  odour,  somewhat  like  that  of  aldehyde.  Specific  gravity 
=  l'Ct0O2  ut  O-^C.  Boik  at  82-5.  Yapour-density,  obs.  -  3^192;  cale  (2  vol)  ^ 
3*047.  If  iddehyde  is  the  oxide  of  ethyUdene,  thU  body  may  be  rc^rded  aa  an  oxide 
of  ethylene  and  ethylidene. 

It  ifl  etoluble  in  l^  voJnniea  of  water,  bat  is  separated  from  the  solution  by  potaah 
and  by  chloride  of  calcium.  Niirie  acid  attacks  it  stavnglyj  forming  glycoUic  and  oxalic 
aci<li*,  together  with  other  products.  It  is  not  altered  by  eattxtic  pata^K  It  reduces 
an  nmmoniacal  solution  of  nitrate  of  silvrr  at  100*^0.,  but  not  completely.  Heated  to 
140^  with  acftic  aad,  it  yields  diacctate  of  ethylene,  together  with  a  much  moi«  vola- 
tile product,  having  an  odour  like  that  of  Bauc/a  acnimehydo. 

Oxide  of  ethylene  and  aldehyde  do  not  unite  directly  when  heated  together  to 
100^  C;  but  the  aldehyde  ifl  reainifled  aa  when  heated  with  potash. 

STBTlkSMS,  omnnomtnm  ar,  or  Bromide  of  Ethtfhnic  Oxidf. 
C*UH)  k  ^^' — ^^'^^^^  equivalent  quantities  of  cooled  bromine  and  oxide  of  ethylene 
are  mixed  and  enclosed  in  a  sealed  tube  immersed  in  a  freezing  mixture,  the  two 
txKiies  unite  into  a  red  crystalline  compound,  which  melts  at  65^  C.  to  a  dark  ltd 
liquid,  boiling  at  95'^,  and  emittmg  an  orange-coloured  vapour,  which  oondensca  on 
cooling  to  the  red  liquid  and  crystals.  The  compound  has  a  pungent  odour,  and  gives 
oiFa  perceptible  vapour  ut  ordinary  temperatures.  It  %&  insoluble  in  tvaUr^  but  soluble 
in  alcohol  and  ethtr.  Reducing  agent-9,  such  as  ttut^h  and  tulphydrie  aetd^  lomoTe  the 
bromine  and  convtirt  the  eom|M)tind  into  dioxethvlene, 

lS?H7^BirE^  OXTSHXPBZllS  OT.  C'H*SO  (Crafts,  Ann.  Ch.  Fhann. 
cxxiv.  113;  cxiv,  123). — Produced:  L  By  the  action  of  water  oo  aulphobromido  of 
ethylene.— 2.  By  the  action  of  nitric  acid  on  protoi^ulphide  of  ethylene  (p.  683).  To 
obtain  it  pure,  tlie  sulphide  of  ethylene  is  added  by  small  portions  to  fuming  nitric 
acid ;  the  excess  of  acid  is  then  cvai>orated^  aiid  the  crystalline  residue  ia  washed,  lint 
with  water^  then  with  alcohol,  tiU  it  no  longer  exhibit*  any  ttcid  reaction.  It  ia  soluble 
in  water,  and  crystallises  from  the  solution  in  acute  rhombohetirona  of  73°.  It  does  not 
nnite  with  acida,  k  not  attacked  by  ainmonia»  but  potaah  decompoae*  it,  aenatatitig 
sulphide  of  ethylene  and  a  brown  reainoua  body. 
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This  body  might  be  represented  by  the  formula  ^^*^  I O,  or  ^^*^  |  S ;  bnt  ita  re- 
actioDS  are  not  sach  as  to  lead  to  the  supposition  that  it  is  thus  constituted. 

DioxvMulphide  of  Ethylene.  C^*SO»  (Crafts,  loccit,) — ^This  compound,  which 

has  the  composition  of  hydrate  of  sulphethylene,    g,  [  O*,  or  glycol  in  which  2  at  H 

are  replaced  by  1  at,  S,  or  of  glvcolic  add  in  which  6  is  replaced  by  S,  is  obtained 
by  heating  protosulphide  of  ethylene  with  fuming  nitric  acia  in  sealed  tubes  to  160'* 
C,  care  being  taken  not  to  exceed  this  temperature,  and  to  stop  the  operation  before 
the  oxidation  is  qmte  complete.  As  soon  as  the  liquid  in  the  tubes  becomes  well 
saturated  with  pcmitric  oxide,  the  dio^sulphide  sepamtes  in  small  ciystals.  The 
tubes  are  then  to  be  opened,  and  the  liquid  poured  into  water,  which  separates  a  small 
quantity  of  the  dioxysulphide ;  and  this,  together  with  the  crystals,  is  washed  with 
boiling  water,  which  removes  the  oxysulphide,  C*H*SO,  that  may  adhere  to  them. 
Further  purification  may  be  effected  by  dissolving  the  crystals  in  strong  nitric  add,* 
and  again  separating  with  water. 

Dioxysulphide  of  ethylene  separates  from  its  solution  in  strong  nitric  add  in  small 
crystals,  which  under  the  microscope  exhibit  the  form  of  prisms  with  obtuse  summits. 
It  is  very  slightly  soluble  in  ordinary  nitric  acid,  quite  insoluble  in  water.  Caustic 
potash  dissolves  it  without  blackening,  but  converts  it  into  a  body  which  appears  to 
possess  slight  add  properties  and  is  not  precipitated  from  its  solution  by  adds. 

Guthrie  (Chem.  8oc  Qu.  J.  xiv.  132)  obtained  a  hydrate  of  oxydisulphide  of  ethy- 
lene, C*H*SK).HK),  by  treating  sulphochloride  of  ethylene  (p.  684)  with  caustic  potash. 
It  is  a  yellowish  liquid,  insoluble  in  water,  soluble  in  alcohol  and  ether. 


or.   c«H-so  -  ^^H«^  (o-     ^"^ 


svlphydrate  of  Ethylene,  Stdphydric  Glycol.  (Carius,  Ann.  Ch.  Pharm.  cxxiv.  267.) 
— This  body,  intermediate  in  composition  between  glycol  and  sulphydrate  of  ethylene 
(p.  685),  is  obtained  as  a  potassium-salt  by  treating  glycolic  chlorhydrin  with  excess 
of  sulphydrate  of  potassium  in  alcoholic  solution  : 

(C^')"j«       +     2KHS     =      (gHTjS     ^     H'S    +     Ka 

The  alcoholic  liquid  is  boiled  for  a  quarter  of  an  hour  in  a  vessel  provided  with  an 
upright  condensing  tube ;  the  liquid  filtered  from  the  chloride  of  potassium  is  super- 
saturated with  dilute  hydrochloric  acid  and  evaporated  in  a  shallow  dish  at  30° — 40°  C. 
till  an  oily  liquid  begins  to  separate  ;  and  the  residue  is  treated  with  cold  water,  which 
diBSolves  chloride  of  potassium,  and  separates  oxysulphydrate  of  ethylene,  as  an  oily 
liquid,  which  is  to  be  washed  with  a  little  cold  water,  dissolved  in  a  small  quantity  of 
dilute  alcohol ;  and  the  solution  filtered,  if  necessary,  and  evaporated  in  a  rarefied  at- 
mosphere, taking  care  to  avoid  over-heating. 

Oxysulphydrate  of  ethylene  is  a  colourless  liquid  of  the  consistence  of  glycol,  heavier 
than  water,  and  having  a  faint  odour  like  that  of  mercaptan.  It  dissolves  sparingly 
in  pure  water,  easily  in  water  containing  a  small  quantity  of  alcohol,  very  slightly  in 
pure  ether. 

Nitric  add  converts  it  almost  wholly  into  isethionic  acid,  CH'SO*,  with  only 
traces  of  sulphuric  and  oxalic  acids. 

With  the  salts  of  the  heavy  metals,  oxysulphydrate  of  ethylene  yields  predpitates 

whose  composition  is  expressed  by  the  general  formula  ^  jj^j'  v  q.  These  precipi- 
tates are  flocculent,  but  quickly  become  granular,  especially  the  lead-,  mercury-,  and 
silver-compounds.  At  100°  C.  they  soften  to  glutinous  masses ;  the  mercury-salt,  how- 
ever, melts  to  a  viscid  liquid.  The  mercury-ealt  is  white,  moderatdy  soluble  in  strong 
alcohol,  whence  it  separates  by  slow  evaporation  in  long  thread-like  curved  needles. 
The  «W-salt  is  white ;  the  coppcr-Balt  dirty  blue-^en  ;  the  lead-salt  light  yellow ; 
the  «Vtw-salt  yellowish.  They  are  all  insoluble  in  water  and  in  acids,  moderately 
soluble  in  strong  alcohol,  and  are  decomposed  by  sulphydrate  of  potassium. 

Diethylenic  Oxysulphydrate.  C^H'«SO«  =  ^  H'^'Io*'  (^a^^i^s,  loc.  cit.) 
— This  compound,  analogous  to  diethylenic  alcohol,  is  produced,  with  evolution  of  sul- 
phydric  add,  by  boiling  the  alcoholic  solution  of  the  preceding  compound : 


^[^is]  -  ^^'ns.  ^  H.a 


To  prepare  it,  the  alcoholic  solution  obtained  in  the  preparation  of  the  monoethylenie 
compound,  after  filtration  fh>m  chloride  of  potassium  and  neutralisation  with  hydrp* 


m2 
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chloric  add,  in  evapomt^d,  with  grntlo  ebullition,   till   the  ej^rrsK  of  the  latter  is  < 
[nelled ;  tbf^  oilji^  liquid  vrhich  thc^n  sepiintt^^H  »alidiilcB  on  cooling  to  a  whito  ciTSt&llmdl 
rua»A,  genepidly  enclosing  a  o^^iin  quantity  of  the  monoethjlenic  oxysulphydrato ;  it 
miiy  he  porifted  hy  waftmng  with  cold,  Tory  dilate  alcohol,  and  recryst^iUisatioii  finim 
alcohol. 

Dioibyl<?nie  oxynulphydrate  crystidliset  from  alcohol  in  groups  of  Yerj  slender- 
microMcopic  needier;  mdts  at  60°  C;  is  insoluble  in  wat^r,  but  easily  soluble  in  J 
alcohitL  Th(3  eolation  is  precipitttted  by  fnrtalUo  Boita^  the  precipitate  resemblingj 
thoso  formed  by  the  monoethylenic  compound  in  colour  and  other  propertiea.  7 

Dietbylenic  ozyaulphydriLte  is  euily  oxidised  by  dilute  nitric  acid,  taking  up  3  at, 

oxygen^  and  forming  an  acid,  (SO)'    ^0^^  which  is  dibiunCf  and  eaaHj  formj  salts  in 

H'     j 
which  both  atoms  of  typic  hydrogen  aro  replaced  by  metals.      The  barium-  and  Uatt/*  ^ 
aalta  are  easily  soluble,  and  ciystallise  indistinctly  in  microscopic  laminae. 

When  oxide  of  ethylene  la  heated  to  100'^  C.  in  a  dose  vessel  filled  with  snlphydris^ 
Aieid  gas,  the  ga»  is  rapidly  absorbed,  and  a  somewhat  oil^  liquid  is  formed^  which 
cannot  be  distilled  under  the  ordinary  atmosph^c  pressure:  it  boils  withont  distilling 
to  any  perceptible  extent,  the  thermometer  gradually  rising  to  300^  and  thi^  liquid  ' 
taming  brown.  The  first  product  of  this  reaction  is  in  all  probability  oxysulpny- 
drate  of  ethylene,  and  the  gradual  rise  of  the  boiling  point  seems  to  show  that  a 
number  of  polyethylenic  aulphydrates  of  continnaily  increasing  complexity  are  iubse- 
quontJy  fonnei    (G.  C,  Foster,  EpUiolartf  communicaiitm,) 


^Qlk^uQ^i\OK^OhUliied  by 


decomposing  stearato  of  silTer  with  bromide  of  ethylene  and  treating  the  product  with 
«ther,  &C.,  as  in  the  preparation  of  the  bemsoate  {p,  568).  It  forma  small,  light^ . 
shiniDg  scales,  resembling  steaiin,  which  melt  at  76"  C,     (Wurtz.) 

BTSfXSafB,  Sircom'A.TBB  OF.  (Louren90,  E^.  Chim.  pure,  1S6<^  p. 
170;  Ann.  Ch.  Pharm.  ex  v.  358.)— Two  of  these  ethers  We  been  obtained,  -m.^ 

L  Succinethi/icnicacid,     C^H^'O*  «  (C*H^O')'|0".— This  compound,  which 

may  bo  regarded  as  derired  feom  diethylenic  alcohol  by  the  subatitotiou  of  1  at 
succinyl  for  1  at.  ethylene,  is  produced  whtm  glycol  and  succinic  acid  in  equiTalenl; 
pn:*portion9  are  heated  together  in  a  sealed  tube  to  190° — 200"^  C.  for  about  ten  houra. 
An  oily  ucid  liquid  in  then  obtained^  which  on  standing  soIidiEes  to  a  mass  of  small 
cr}'stals  of  succinetliylenic  add.  This  compound  melts  below  10(J^  C»,  is  soluble  in  ' 
water  and  alcohol,  spiiringly  in  ether,  and  when  neutralised  with  ammonia,  forms 
with  nitrate  of  silver  a  curdy  precipitat4S  insoluble  in  acids,  and  exhibiting  a  compo* 
sition  intermediate  between  C*H*Ag*0*  and  C*H*AgO',  but  nearer  to  the  fonaer. 

2.  Neutral  Suceinaieof  Ethylene.  0*H»0*=.  ,j^^'QjL}o«.—ObtaiBed  by  heat- 
ing Buccincthylenic  add  to  nearly  300**  C.  Water  is  then  given  off,  and  the  residue 
solidifies  on  cooling  to  a  crystalline  mass  of  the  neutral  succinate.  It  melts  below 
90^  GL,  is  insoluble  in  water  and  in  ether,  but  moderately  soluble  in  boiling  alcohol, 
whence  it  separates  on  oooling  in  very  gtuall  crystals.    It  is  decomposed  by  distillation. 

(C-H*)% 

ETHTXJBir^  SUI.FHATS  (AC11>)  OF,     C^H*SO»  -     (SOyVO**      /Huipko- 

glj/colic  aeid  (SimpBon^  Proc.  Boy.  Soc  ix.  725). — Produced  by  heating  a  mixture  o! 
glycol  and  monohy orated  sulphuric  acid  to  160^  C, 

CPH*0>  +  H»SO*   -   C'H-SO*  4-  HV), 

It  is  not  known  in  the  free  state.  The  barium 'ealt  is  obtained  by  diluting  the 
al>OTe-mentiuoed  mixture  with  water,  saturating  with  carbonate  of  barium,  filtering 
and  eviLpsratii]g  to  a  syrup  over  the  water-batli,  whereupon  it  separatee  as  a  while 
E(olid  mass,  which  may  be  purified  by  pressure  betwi^en  P^p^^t  and  evapomtioii  in 
vacuo  over  oil  of  vitriol  It  is  somewlu^  deliquescent,  and  doe*  not  leaaHy  crfstal* 
lise<  Decomposes  slightly  at  100^  C.  Easily  soluble,  in  water,  n^irly  insoluble  in  ab- 
solute alcohol  and  in  ether«  From  the  aqueous  solution  sulphuric  add  throws  down 
Kulphate  of  barium.  Baiyta-water  occasions  no  predpitate  in  the  cold,  but  oa 
i^^itfiQ^  the  liquid  for  some  time,  it  becomes  turbid,  from  separation  of  the 


StlXPHniss  OF*    These  com|X)unds  are  obtained  hj  \ 
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chloride  or  bromide  of  ethylene  with  alcoholic  solutions  of  the  corresponding  sulphidet 
of  potassiiun. 

Protosulphide  of  Ethylene.  Cfl*.S.  Lowig  and  Weidmannin  1840  (Pogg. 
Ann.  zliz.  123)  obtained  this  compound  in  an  impure  state  as  an  amorphous  precipitate, 
decomposing  when  distilled,  by  the  action  of  chloride  of  ethylene  on  protosulphide  of 
potassium ;  and  Crafts  (Ann.  Ch.  Pharm.  cxxiv.  110)  has  recently  obtained  it  pure 
and  in  well-defined  crystals,  by  the  action  of  protosulphide  of  potassium  on  bromide  of 
ethylene,  which  is  much  more  easily  attacked  than  the  chloride.  The  action  is 
attended  with  considerable  rise  of  temperature,  and  the  resulting  sulphide  of  ethylene 
distilled  off  at  200°  C.  condenses  in  white  crystals,  which  must  be  washed  with  ether 
to  free  them  from  an  oily  substance. 

Protosulphide  of  ethylene  is  somewhat  volatile  at  common  temperatures,  and  distila 
undecomposed  at  199<^  or  200®  C,  solidifying  at  112°  in  the  crystalline  form.  It  dis- 
solves in  alcohol,  in  ether,  and  more  abundantly  in  sulphide  of  carbon,  &om  which  it 
separates  in  well*  developed  oblique  rhombic  prisms  of  69°  44',  generally  most  developed 
in  the  direction  of  the  base. 

Chlorine  decomposes  it,  with  evolution  of  hydrochloric  acid.  With  bromine  it  unitee 
directly,  forming  a  siUpho-bromide,  CH^SBr*.  It  is  oxidised  by  fuming  nitric  acid^  the 
product  consisting  of  C*H*SO,  if  the  temperature  is  kept  below  100°  C,  but  of  C*H*SO» 
(pp  580,  681),  either  pure  or  mixed  with  the  preceding,  if  it  is  allowed  to  rise  to  160° 
(Carius,  Ann.  Ch.  Pharm.  cxxv.  123).     It  does  not  unite  with  ammonia. 

Protosulphide  of  ethylene  is  isomeric  with  the  compound  obtained  by  passing  sul- 
phydric  acid  into  aldehyde.  The  latter  compound  is  perhaps  sulphide  of  ethylidene, 
and  is  distinguished  by  its  higher  boiling  pomt,  not  b^;inning  to  distil  below  206°  C, 
and  the  boiling  point  then  quickly  rising  to  260°,  at  which  temperature  partial 
decomposition  takes  place.     (Carius.) 

Bisulphide  of  Ethylene^  C*H*S*  is  a  soft  yellowish  powder,  which  melts  below 
100°  C,  and  is  decomposed  by  distillation.  (Lowig  and  Weidmann,  Pogg.  Ann. 
xlvi.  84;  xlix.  128;  Ghl  viii  366.) 

Pentasulphide  of  Ethylene,  C^*S*  (?).— Produced  by  the  action  of  alooholio 
tri-,  or  penta-sulphide  of  potassium  on  chloride  of  ethylene.  It  is  a  yellowish  preci- 
pitate, melting  below  100°  C,  and  decomposing  at  a  somewhat  higher  temperature. 
(Lowig  and  Weidmann.) 

BTBTXavSv  SIIXPBZTBS  OV.  Isethionic  acid,  CK*SO\  may  be  re- 
garded as  ethylene'vumosulphurous  acidt  C*H*0*.SO*,  that  is,  glycol  with  1  at  boI- 

(SO)") 
phurons  anhydride,  or  (C'H*)"  ^  03,  diethylenic  alcohol  in  which  1  at  C*H*  is  replaced  by 

H') 
SO;  and  disulphetholic  acid,  C*H*SK)*,  may  be  regarded  as  ethylene-disulphurous 

(Sb)» 
acid,  Cm*G'.2S0\  t.  e.  glycol  with  2  at  sulphurous  anhydride,  or  as   (C^*)" 

H«j 
t.  e.  triethylenic  alcohol  in  which  2  at.  C^*  are  replaced  by  2  at.  SO  (Carius,  Ann. 
Ch.  Pharm.  cxxiv.  262).     See  Isbthionic  Aan,  and  Sulphtjbous  Ethbrs. 

STBYXmrBp    smuraOBROliaBB    or.     C*H^SBr*.      (Carius,    Ann.  Ch. 

Pharm.    cxxiv.    113). — This    compound,   which   may  be  regarded   as   a   dibromide 

CH'Br*) 
of  etliylcnic  sulphide,  C'H*S.Br^,  or  as  a  sulphydrate  of  dibromethyl,  TT  C  ^'   " 

produced  by  the  direct  combination  of  bromine  with  protosulphide  of  ethylene.  It  is 
a  yellow  solid  substance,  nearly  insoluble  in  rectified  ether  and  in  sulphide  of  carbon. 
When  exposed  to  moist  air,  or  treated  with  a  small  quantity  of  water,  it  is  converted 
into  white  crystals  containing  less  bromine  than  the  original  compound.  These 
crystals  dissolve  in  a  larger  quantity  of  water ;  and  by  treating  the  solution  with  oxide 
of  silver  to  remove  hydrobromic  acid,  then  filtering  and  evaporating,  small  rhombic 
tables  are  obtained,  consisting  of  oxy sulphide  of  ethylene,  CH*SO. 

BTBT&BVBp  Bir&FBOOB&OSZBBS  OF.  (Guthrie,  Chem.  Soc.  Qu.  J. 
xii  109 ;  xiii.  35  and  134;  xiv.  128.— Jahresber.  d.  Chem.  1849,  p.  479;  1860,  p.433.)— 
The  following  compounds  of  this  group  have  been  obtained  : 

Dichlorosulphide  of  Ethylene  or  Sulphydrate  of  Dichlorethy^- 

H    >    " 

Disulphochloride  of  Ethylene  or  Bisulphide  of  Chlorethyl 


10)') 


C'H'.Cl'S  C'H'Cl'f 


CW.CPS'  =  ^Igjs- 
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DiaulpliocMorido  of  Chlopethyleno         or  DiBulpliide  of  BicMoretlijrl 

Disnlphochloride  of  BkWorethjrlene      or  DiHulphide  of  Trieliloretliyl 

C^H*CP.CPS*  -  C^l«(^' 

The  first  two  of  tbese  Gompanods  are  pTodaoed  by  the  direct  combinatioix  of  the 
chlorides  of  sulphar,  Cl^S  and  CIS,  with  etbyleno;  the  third  is  alao  a  product  of  tJie 
actioD  of  CL3  od  eth^kde  ;  and  the  foartii  ia  prodiicied  bj  the  action  of  chlorine  on  the 
thinly  or  on  disulphide  of  etbjL 

Thej  &re  all  d(M7omp08<fid  hj  diB^&tion,  and  therefore  the  weights  of  their  mole- 
cnlea  cannot  be  determined  hj  eatpcriment.  The  last  comDOund  may,  howereTt  be 
produced  bj  the  direct  stibatitution  of  chlorine  in  difinlphiae  of  tthyl^  which,  as 
ahown  by  it's  vapour*d<?nHity  (p,  647),  is  (C'H*)^.S*,  not  U*H*S ;  thp  product  formed 
fiom  it  by  the  action  of  ehlonne  is  therefore  (CH*C1')^S*,  not  C^=K;PS ;  and  hencu 
also  it  is  probable  tbat  the  two  preceding  componnd«  are  correctly  represented  by  the 
formnlffi  abore  giren,  rather  than  by  the  halveii  of  those  formulse. 

Diohlorosulphide  of  Etht/lene,  CH*01^  is  obtained  by  paafing  ethylene 
g^s  very  slowly  through  dichloride  of  sulphur  (CI'^S)  contained  in  a  bulh-apporatua, 
and  when  the  setunition  is  nearly  finish eo,  heating  the  liquid  to  100^  C,  ana  pasfinff 
a  rapid  Btreara  of  (Ethylene  through  it,  l^^rtiy  to  complete  the  action,  partly  to  get  na 
of  cmorinated  compoimdB  of  ethylene  formed  at  the  same  time ;  or  the  liquid,  htrd^m 
eompleto  saturation,  is  dropped  into  water  at  80°  C,  to  decompoda  the  still  remaining 
cliloride  of  sulphur  ;  repeatedly  shake  a  up  with  fresh  quantities  of  water  at  the  same 
tempemture  ;  thc-n  left  iQ  contact  for  some  time  with  dilute  soda-Iey ;  agitated  with 
anhydrous  ether  to  free  it  from  suspended  Bulphur;  the  residue  left  on  eTuporating  the 
ether  is  again  dissolved  in  the  smallest  possible  quantity  of  ether ;  and  the  residue  left 
on  eTaporating  thija  flolufcion  ia  dried  in  raeuo  over  oil  of  vitriol.  (Ann.  Ch.  Phann. 
cxiii.  2.)* 

It  is  a  straw-yellow  liquid,  baying  a  pungent  odour  like  that  of  oil  of  mufitard,  an 
astringent  tiiste  like  that  of  horse-radish,  and  raising  bliBt«n  on  the  ikin  ;  even  tho 
vapour  destroys  the  epidermis  on  the  more  tender  parts.  Speeific  gravity  1"408  at 
13^  C.  It  li  inaohible  in  water^  nearly  insoluble  in  cold,  slightly  soluble  in  hot  alcohol, 
soluble  in  alwut  6ii  tiinea  ita  volume  of  boiling  ether.  It  is  decomposed  by  heat, 
giving  off  chlorine,  sulphydric  acid,  and  volatile  products  containing  suLphur  and 
carbon. 

niaulphBchtoride  of  Ethylefte^  C*HH:1'S",  or  Disulphide  of  Monoehlor- 

ethyl,  ^jS^Qi  [  S^.— This  compound  was  first  obtained  by  Niemann  (Ann.  Ch.  Phtrm- 

cxiii.  288),  afterwards  in  a  state  of  greater  purity  by  Guthrie.  It  is  produced 
when  disutphide  of  chlorine,  Cl'S',  is  brought  in  contact  with  ethylene  gas,  either  in 
Bunahine  or  at  a  temperature  of  100°  C.  It  is  purified  by  ngitation  with  warm  water, 
diyiug,  digestion  in  ether,  and  evaporation  of  the  ethereal  (Malution  in  vacuo.  It  is  a 
pale  yellow  liquid,  having  a  not  unpleoaaEt  odour^  a  sweet  astringent  t^iste,  and  acting 
strongly  on  the  mucous  membranes.     Specific  gravity  =  134S  at  19°  C.     Caustic 

potash  converts  it  into  hydrate  of  ethylecic  oxysulphide,  nioif  n  ^^*  ^^*  vohitile 
vnthout  decomposition, 

BUulphochloride  of  MonoehUrethyUne,  C<H*a*S=^C^H«Cl»a-S«,  or  Di- 

sulphide  of  Dichlortthyl^  C''H"Cl*t^' — ^^^  ^^^  ^  ^^  ^  product  of  the  action 
of  ethylene  on  sulphide  of  chlorine : 

2C*H*    +    3crs'   ^    c*H»a's»    ^    2nci    +    s*. 

It  is  prepared  by  passing  a  rjpid  current  of  dry  ethylene  gas  for  sometime  through  sul- 
phide of  chlorine  contained  in  a  capacious  retort  providedwith  a  vertical  condensing  tube, 
afterwords  heating  the  liquid  in  a  smaller  retort  til]  the  boibng  point  rises  to  180°C. 
(whereupon  hydrochloric  add  escapes  and  scarcely  anything  but  unaltered  sulphide  of 
chlorine  distiJa  over) ;  decanting  the  liquid  residue  Irom  the  sulphur  which  separates 
on  cooling;  digoiting  it  for  some  hours  with  water  at  %iP  €\,  then  with  dilute  Boda- 
ley ;  and  dii?solving  it  in  ether,  &c.,  as  in  the  preparation  of  the  compound  C*H*C1^. 
It  is  a  clear  pole  y^lJow  liquid  of  specific  gravity  IS90  at  W^  C.»  having  a  aweet^ 
astringent  tiiste,  and  when  recently  prepared,  an  agreeable  odour,  resembling  oil  of 
peppermint  and  oil  of  lemon ;  three  or  four  drops  of  it  pix>duce  head-ache.     It  ia 
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I 
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Boluble  in  aicobol  and  othet,  in^lublo  in  water.  Not  volatile  without  dc<^oinpoHitioii, 
When  treated  with  chlorine,  it  is  coaverted  into  thn  foMowing  compound:  — - 

Sulphochlonde  of  Dichiorethyhn^,  C*H*a«S"  ^  C*H*Cna»S»»  or  Disul- 
fhideof  Trichlortthyl,  cjirsniifS^- — ^Produced  by  posaing  chlonae-gas  throragb 

the  preceding  compotmd  in  the  dark,  first  at  mean  temporature,  afterwards  at  100^  C, 
or  by  the  action  of  cblorino  on  disolphido  of  othjL  Porified  by  passing  a  stroam  of 
carbonic  anhydride  through  it  to  remove  hydrochloric  acid  and  anudl  quantities  of 
»idphide  of  dhdonne,  then  digesting  in  ether,  &c.  It  ia  a  cl<^ar,  pate  yeUow  liquid^  of 
Bpeciflc  gravity  1  219 — 1-226  at  13-6*  C.  It  has  a  pungent^  vuffoeating  odour^  is 
insoluble  in  wat^cr^  soluble  in  alcohol  and  ether ;  deeompo#ea  when  distilled  in  the  air, 
but  Tolatilieea  completely  without  decomposition  in  an  atmosphcro  of  carbonic  anhy- 
dride. (Guthrie,) 


C^H«S=  *  ^*^^,*^"!s'.     EihifUnii 


Gli/colw  Mcrcaptan, — Obtained  in  alcoholic  solution  by  mixing  chloride  of  ©thjlene 
with  alcoholic  aulphjdrato  of  potassium,  and  jsepajrating  the  liquid  from  the  pcsiilting 
chloride  of  potELsaium  by  distillation*  The  lolutiou  has  a  pungent  odour  like  that  of 
mercaptan,  and  forma  with  acetate  of  lead  a  yellow  precipitat«  consisting  of 
CT'H^Pb'S'.     (Lowig  and  Weidmann,  Pogg,  Ann.  xlix.  132.) 

When  bromide  of  ethylene  is  poured  into  a  concentrated  alcoholic  solution  of  gul- 
pbydrate  of  potaMdnm,  the  liquid  becomes  warm,  and  deposits  a  large  quantity  of 
bromide  of  potajsinm ;  «nd  on  adding  water  to  the  filtered  alcoholic  solution,  ethylenic 
meircaptan  separatGa  an  a  oolomleBS  oil«  which  ii  partiaDy  deoompo£»ed  by  distillation. 
(Kcknl^.  Lehrlmck,  L  655.) 

mmW^MXrWr-mMMmB.  Cloess  in  1853  (I'lnstitut.  1863,  p.  213),  h^  heating 
alcoholic  aiomouia  in  sfaled-tubes  with  chloride  or  bromide  of  ethjHene,  obtained  threo 
volatile  buses,  which  ho  supposed  to  be  monaauneiS,  containing  the  radidea  CH,  C'H\ 
and  C'H*,  Tiz. : 


Farmeaasnlne. 
CEPN 


-  ^!cfl 


AcetetiAiiilt]« 

C*H»N 


-"1 


Propjlentttiltiff. 
IP 


C'H^N    ^   N 


The  Mcond  of  these  basew,  or  a  subetanco  isomeric  therewith,  was  likewise  obtained  by 
Natanstin  (Ann.  Ck  Pharm.  xcii  48;  xcviii.  20)|  who  took  the  same  view  of  it« 
constitution. 

But  the  more  complete  investigation  to  which  thme  basea  have  been  subjected  by  Mo  f- 
tnann  (Proc.  Roy.  Soc*  ix.  164  ;  x.  224 )p  has  shown  that  they  arediamince,  formed  from 
a  double  molecule  of  ammonia,  N^H*,  by  the  substitution  of  1^  2,  and  3  molecules  of 
etbyleni^  for  2,  4,  and  6  at.  of  hydrogen  respectivoly*  The  mode  of  fonnation  of  their 
hydrohrctrafttes,  or  the  dibromidca  of  th©  corresponding  diammoniuraSi  ia  shown  by  the 
following  equations: — 


C^H'Br=    +    2KH'   - 


2€m*Bt»    +    4NH"    =    2^^^'Br    + 


SC^n^Br"    ^    6NfI"    =    4NH*Br 


Dibromlde  ofeibyLeoe- 
dlammooluim.'' 

[N=n'(C^H*)'l'T3r« 

DtbruTny^  *>r  tlipthytene- 

dlimnionlium. 


+      p^H^C^H*)*l"Pr'« 
DibromJdo  of  tH»ib)rlench- 
lUafoJiioaiiun  i 


The  formation  of  those  three  diatomic  bromidefl  is  precisely  analogous  ^o  tbat  of  tlie 
monobromidca  of  the  ethykmmoniums  (p.  664),  the  first  being  produced  by  tlie  Biraple 
combination  of  the  ammoma  with  the  ethylenic  bromide,  wliereas  the  formation  of  tho 
second  and  third  is  act^ompanied  by  that  of  bromide  of  ammonium. 

Chloride  of  ethylene  appears  to  act  on  ammonia  in  a  similar  manner,  but  not  so 
rea<lily.  The  reaction  iires«ntSf  moreover,  soveral  phenomena  which  still  require 
ftuther  investigation.  Tna  bromide  acts  npoD  alcoholic  ammonia  at  ordinary  tempera- 
tur«t,  bni  on  aqueous  ammoma  only  whon  aemsted  bj  heat. 

The  dibromides  of  the  ethylene-diammouiumet  distilled  with  potash  yield  the  cor- 
responding boaes  in  the  form  of  bydrtite>s,  which  retain  their  water  with  such  obstinacy 
that  thoj  caw  scarcely  he  dehydrated  by  cauatic  lime  or  harrta;  the  remark  applies 
mora  OBpaciaUy  to  ethylene-dlaniiue,  which  requires  prolonged  trcatmeut  witli  soclium 

*  It  deserrot  to  be  noticed  ttial  ihr>  cj^pi^rlmcrntAl  cIau  wtilch  hive  rvttnact  tO  tbefonnmUoo  and  pro- 
prrtfe*  ol  the  tbird  b«Ae  aro  itlU  rer;  icatilj,^A.  W.  H. 
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to  yield  up  tho  laat  p<>rtioii«  of  water.    By  tiiis  means  the  anhydrons  basea  or  diamijwss 
are  obtained,  tiz.  : 

Bthjleae-dLftralnt. 


C»H»N» 


Dlctiirlenti-diunliie, 

fC%* 

'C%* 

C^H-N«   =  K.    ^^^, 

C-H^W  -  N» 

C^H* 

^  H* 

[dfe* 

The  aecond  of  these  formulae  is  exactly  doable  tbat  of  the  acetenamine  of  Cloea ;  the 
first  and  third  diflfer  from  the  doable  formube  of  fonoenamine  and  propyleoAmliie 
(p.  686J  by  2  at.  hydrogen. 

The  inadmissibility  of  the  monatomic  fbrroubB  ia  shown :  Firstly^  by  the  lesolts  of 
analysiit,  as  may  be  seen  by  the  following  compurison  of  the  calcuJated  and  e:apen- 
mentul  numbers  of  tho  bydrtttc  of  tiie  first  base  ((PIPNMO,  or  C^H*N**H»0,  accottUng 
to  CloM ;  C^H'NIH^O  according  to  Hofmiiim),  and  of  the  coircspoudiog  hydro- 
chlorate : 

Hifdrated  Base, 


Ctrbon. 
Hydrogen 
Nitxxjgen 
Oxygen 


Carbon . 
Hydrogen 
Nitrogen 
Chlorine 


CalcuaAlIon. 

.     31-68 
.     10-62 
.     8e'64 

.     21*06 

30-76 
12-82 
36-90 
20-62 

100*00 

31*12          30-67 
12-78         12'97 
35-80         S6'32 

100-00 

Bsfdr 
Cald 

ADI^. 

CH^.HCl 

.     18*32 
.       6-11 
,     21-37 
.     64*20 

C^H-N'.HK?1» 

18-04 

7-52 

21'06 

63-38 

Ctoev.       Hofrnjura. 
1766        17*87 
7-39          7-66 
20-47 
6362        63*17 

100-00 


lOOOO 


8ec<mdlif.,  by  the  boiling  pointa  The  tbree  anhydrous  bnae«  boil  at  1 1 7^»  about  1 70^, 
and  about  210^  C.  respectiwly,  the  diffbrenco  of  the  first  two  being  63**,  and  of  the 
B^cond  and  third  40*^.  Now  homologoua  substances  related  to  one  another  in  the 
manner  ia(iicate<i  by  the  monatomic  formulse,  CH^N^  C*H*Nt  C*Hrtf.  that  is  to  iay, 
diflFering  by  CIP,  do  not  generally  diff<*r  in  boiling  point  by  more  than  20"^,  MoreoTeT, 
methylamine,  wbich  contains  2  at  H  more  than  tno  mippo^ed  formenaroioe  of  Cloea, 
is  a  gas  at  oMInary  tempo raturea^  and  does  not  liqaefy  tul  cooled  considerably  bebw  1 
the  freezing  point  of  water, 

Thirdi^f^  mid  chieAyr  by  the  Tapoar-densitiea.  The  vapourHieiiflity  of  the  firet  baao  i 
IQ  the  anliydrons  state,  a»  determined  hy  experimenl^  is  2*00  (Hoimann)  :  now  th«  j 
formula  of  ethjIene-diiLmine,  C-H*N*,  calculated  for  a  condensation  to  2  volumes,  giTei  I 

2  .  12  +  8  .  1^2  ■  U    ^    o^{H393  ^  2  08,  whereas  that  of  formenamine,  CH*K,  calcu- 

2 
lated  for  a  like  condensation,  give  1-014.     In  like  manner  the  Tapour-density  of  the 
second  anhydrons  base  is  by  ^^xpenIIlent  27;  and  by  calculation  froin  the  diutomie 
formula,  C*H'*N^  representing  a  condenaation  to  2  volumes,  it  is  2*9,  the  monatomie 
formula,  C*H*N,  rt-tjtnring  1*46, 

The  vaprnir-densitip»  of  the  hydnit<»d  bases  appear  at  first  sight,  to  fomiah  an 
argument  m  favour  of  the  monatomie  formube.  That  of  the  first  hydrated  base  wn« 
found  by  Cloez  to  be  1*47.    Now  the  forronla,  €*IPNO  or  C*IPy.ffO,  cakuijited  for^ 


2    Tol.    gives 


2. 6+4 .1+14+8 
2 


X  0*0693  »l-32;    whereas  the   diatomic  formuUi 


CH^NK)  or  C'/f  "i^f>*,  requires  2*70.  This,  however,  is  a  case  of  du-ns^oeiatian 
(see  Atoicc  WaiaHTs,  i.  467),  the  hydrate  pplitting  up,  at  the  high  temperature  at 
which  the  Tapour-density  was  taken,  into  water  and  the  anhydrous  base,  each  of  whidb 
occtipies  2  vol»*,  and  therefore  the  whole  4  vols.  That  these  hydrated  bases  do  actual^ 
split  up  in  this  nanner  at  high  temperatures,  hm  been  experimentally  demonsft^te! 
with  regard  to  another  base  of  simikr  constitutioD,  which  wiM  be  afterwarda  men^ ' 
tiooed  (see  p.  688). 
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The  ethjlene-diamines  obtained  as  above  are  volatile,  strongly  alkaline  bodies, 
which  neutralise  acids  completely.  Ethylene-diamine  is  a  liquid ;  diethylene-diamine 
is  a  solid  substance,  crystallising  in  transparent^  well-developed  crystals,  which,  in 
winter  are  apt  to  attain  considerable  magnitude.  Monethylene-diamine  heated  with 
nitrous  acid  yields  oxide  of  ethylene  and  free  nitrogen : 

N«H«.(C«H*)  4-  NK)»  -  CWO  +  2N>  +  2H'0. 

Assuming  that  the  diatomic  ethylene-bases  imitate  the  deportment  of  the  monatomic 

ethyl-bases,  each  of  the  ethylene-diamines,  when  treated  with  dibromide  of  ethylene, 

might  be  expected  to  be  converted  into  the  dibromide  of  the  next  higher  base ;  tri- 

bromethylene  thus  treated  would  yield  the  dibromide  of  tetrethylene-diammonium 

[N'(C%*)*]"Br»,  which,  subjected  to  the  action  of  moist  oxide  of  silver,  should  be 

oonyeit^d  into  the  fixed  base  ^   ^        ^Aa  [  O*.    These  reactions  do,  in  some  measure, 

actually  occur,  but  they  assume  a  much  more  complicated  character,  in  consequence  of 
the  tendency  belonging  to  dibromide  of  ethylene  of  exertineupon  the  diamines  already 
formed,  an  action  simHar  to  that  which  it  exerted,  in  the  rormation  of  these  diamines, 
upon  ammonia  itselJ^  thereby  giving  rise  to  the  formation  of  tiiamines,  tetramines,  and, 
in  general,  bases  of  higher  atomicity. 

Ethylene-diamines  containing  both  Monatomic  and  Diatomic  Alcohol-radicles. — The 
typic  hydrogen  of  the  ethylene-diamines  may  be  replaced  by  the  monatomic  alcohol- 
ndides,  methyl,  ethyl,  &c  Each  of  these  bases,  when  subjected  to  the  action  of  iodide 
of  ttht/lf  takes  up  a  quantity  of  that  compound,  forming  the  iodide  of  a  diammonium  con- 
taining both  ethyl  and  ethylene,  and  this  iodide  treated  with  oxide  of  silver,  yields  a 
diamine  in  which  2  at.  of  the  original  base  are  replaced  by  ethyl.  Thus,  by  subjecting 
monethylene-diamine  to  the  alternate  action  of  iodide  of  ethyl  and  oxide  of  silver,  the 
following  series  of  iodides  is  obtained : 

Di-iodideofDiethyl-ethylene-diammonium      .        .     [N^XC*H»)«(C^H*)]P. 

Di-iodideofTetrethyl-etiylene-diammonium  .        .     [N»H«(C«H*)\C*H*)]P. 

Di-iodide  of  Pentethyl-ethylene-diammonium .        .     [N«H(Cm»)*(C»H*)]P. 

Di-iodideofHexethyl-ethylene-diammonium  .        .     [N«(C*H»)«(C«fr)]P. 
The  first  two  iodides  treated  with  oxide  of  silver  yield  volatile  bases ;  the  third  and 
fourth  yield  the  fixed  base.  N'H(CH').(C"^)jo,  ^^^  K^C'H-AC^)|o,_  ^^^^ng 

a  close  resemblance  to  hydrate  of  tetrethylammonium,  the  base  with  6  at  of  ethyl 
being  incapable  of  taking  up  any  more  ethyl 

Diethylene-diamine  subjected  to  the  same  alternate  treatment  with  iodide  of  ethyl 
and  oxide  of  silver,  yields  only  three  bases,  one  volatile  and  two  fixed.  The  corre- 
sponding iodides  are : 

Di-iodide  of  Diethyl-diethylene-diammonium        .     [N«H'(C«H*)«(C^H*)*]I». 

Di-iodide  of  Triethyl-diethylene-diammonium        .     [N«H(CH«)^C^H«)«]"I'. 

Di-iodide  of  Tetrethyl-diethylene-diammonium      .     [N«(C«H*)<(C«fl*)^P. 

Iodide  of  Methyl  acts  on  the  ethylenaminos  in  a  similar  manner,  except  that»  as  in 
its  action  on  ammonia  and  the  monamines,  the  final  products  of  substitution  are  ob- 
tained at  once,  with  little  or  none  of  the  intermediate  compounds ;  thus,  with  ethylene- 
diamine,  it  gives : 

Di-iodide  of  Hexmethyl-ethylene-diammonium,  [N«(CH«)XC«Ta*)]'T», 

and  with  diethylene-diamine : 

Di-iodide  of  Tetramethyl-diethylene-diammonium,  [NXCH«)*(C%<)T1«. 

The  dibromides  of  diethyl-ethylene-diammonium  and  diethyl-diethylene-diammo- 
nium are  obtained,  together  with  other  products,  by  the  action  of  dibronude  of  ethylene 
on  ethylamine : 

C»H«Br»  +  2[NH«(C«H»)]  =  [N«HXC«H*)«(C«'b*)]13r», 

2Cm*BT»  +  2[NH«(C»H»)«]  «  [N«H«((7H»)'(C?»fe*)T'Br»  +  2[Nn»(C«H*)Br]. 

The  former  of  these  bromides  yields,  by  distillation  with  anhydrous  baryta,  a  liquid, 
which  has  a  strong  ammoniacal  odour,  and  solidifies  to  a  aystalline  mass,  somewhat 
Uke  fused  stearic  acid.    It  may  be  regarded  as 
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Oxide  of  Diethjl-cthyle»iie*diamiDoniuni 
or,    Hydrate  of  Diothjl-ethylene-diamino    . 


[N'n<(C«H»)'(C%*)]*0  ; 


The  imlijdTOTifl  base  ira:»(C'H*)=(C*H*)  =  C*H"N^  ia  obtained  b^  r«poaU^l^  distil- 
ling  tho  hjdrato  with  excess  of  anliydpous  baiyta.  lU  TapouiHieiisity,  determined  by 
oxpcrimont,  is  57  61  (referred  to  hydrogen  m  unity),  which  agreea  rexy  Dearly  with 
the  nnmber  calculated  fcom  tho  formulft  C*H'*N*  for  a  coudenaatioii  to  2  vol,  via. 
6>12  +  16^.1  +  2.U  _  ^g^  ^^^  ^^^  hydrated  baae,  C*H'*N':H*0,  is  found  by  txpm- 
ment  to  Imve  a  vaponr-density  of  3  3 '2,  whereaa,  for  a  condensation  to  2  rolnmea,  it 
ahoiild  be       — ^  67.    This  hydrate  exhihits,  therefore,  tho  aazne  anomaly  as  tha 

hydrate  of  ethylene-diamine,  that  is  to  Bay,  ita  Tapour,  when  heated  Id^  or  20^  aboT_ 
its  boiling  point,  Bplits  np  into  the  anhydroua  btwe  and  wat^r,  each  of  which  occupieal 
2  Tolumes,  and  the  whole^  thor<?fore,  4  vc»lmnf'S.  That  audi  ia  the  case  may  be  exptri-J 
mentally  demonstrated  by  confining  a  quantity  of  th©  Taponr  in  a  tube  standing  oTerl 
mercury,  heating  it,  by  means  of  a  glaj^  paraffin-bath,  to  about  170°C.,  observing  itii 
volume,  and  then  passing  w  a  few  peUetB  of  anhydrona  baryta :  the  mercnry  imme>^ 
diately  begins  to  rise^  and  me  Tolnmo  of  tho  vapour  is  soon  reduced  one-half  (Pt^oGt  J 
Rw,  Soc,  X.  697.)  ] 

The  second  of  the  above-mentioned  bromides,  the  dibromideofdiethyl-die  thy- J 
lene-diammouinm,  yields^  bj  distillation  with  bitryta,  a  ba&e,  which  la  liiiuid  at^ 
ordinary  temperatures,  and  boils  at  185^  C.  This  bafie  is  diethyl-dicthyiene*i 
diamine;  it  is  likewiae  produced  by  the  action  of  dibromide  of  ethylene  on  diethyl* 
ethylene-diamine^  according  to  the  ei^uation  : 


Htl-ct 


IMbromlde  of  Dir-tb 


mlde  of  Dir-tbtl-ittL'ihy- 
leve-dliinimciaJ  am. 


ltth7l6tie-trUimiiiea,-t«trftjalxiea,  ^e«  The  action  of  dibromide  (chloride  or 
iodide)  of  ethylene  on  ammonia,  gives  rifie^  not  only  to  ethylene-diaminea,  but  Ilkewiso 
to  ethylene-bcifleB  of  higher  order,  that  is  to  say,  bases  in  which  a  greater  number  of  ' 
ammonia-molecules  are  joined  togtjtherby  the  substitntion  of  ethylene  for  an  equivalent 
quantity  of  hydrogen.  It  is  obvioua  that  two  molecules  of  annnoniii  can  be  joined  I 
together  into  a  stable  compound  by  one  moli-cule  of  a  diatomic  radicle,  three  ammonui 
molecules  by  two  molecules  of  diatomic  rudiclesi  foui  by  three,  &c,   thus : 


Diamine, 
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And  genGrallyj  to  unite  n  ammonia-molecnlea  into  a  stable  compound,  the  nnmber  of 
diatomic  radicles  which  is  necetiEajy  au<l  sufficient,  is  w  —1  ;  but  the  mnuber  of  snchii 
radicle*  which  enter  into  the  combination,  may,  of  course,  be  increased  by  further^ 
flubKtitution,  so  long  as  there  is  any  hydrogen  lett  to  be  n^placed. 

The  number  of  stable  compounds  which  can  be  formed  by  the  action  of  n  molecnlea 
of  dibromide  of  ethylene,  or  other  diatomic  alcohol-radicle  on  2n  molecules  of  ammonia, 
if  repirescnted  by  the  following  equations : 

fiB'^r*  -♦-   27iNH*  -  [N-+»K«H*»+«]  Br-+^  -h  (fl-l)NH<Br 

^  [N-    fe-H*'    ]Br-  +  nNH*Br 

-  [N-^ifMi*-- »]Br*-»  +  r»  +  l)NH*Br 

-  [K-'Il-H"— «]Bi"-»  +  (n4-2)NH«Bf 
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the  last  term  being  [ITO"  J  Bp'  +  ?2nH*Bp,   if  n  is  even, 

z 

OP  prrfrBP]BpT^  +  ?^NH*Bp,  if  n  is  odd. 

Thnfl  fop  n » 4,  the  scriee  of  equations  reppesenting  the  possible  number  of  stable 
polyatomic  bases  piodnced  is, 

4E"Bp»  +   8NH«  =  [N»fe*H»*]Bp»    +  3NH<Bp 

«  [N*R^H»]Bp*    +   4NH*Bp 

-  [OT[i*H«]Bp>   +   5NH*Bp 

=  [N«E«      ]Br»   +   6NH*Bp 
andfbrna5, 

fiETBp*  +   10NH»  =  [N«R»H>«]Bp«  +  4NH*Bp 

-  [N»R»ffTBp»  +  6NH«Bp 
=  [N*ft»H*]Bp«  +   6NH«Bp 

-  [N«]S»H«]Bp>  +   7NH<Bp. 
The  flpst  equation  of  each  sepies : 

nfiBp«  +  2nNH>  -  [N-+»fi«H«"+*]Bp"+i  +(n-l)NH*Bp  ...  (a) 

reppesents  the  fopmation  of  the  fipst  op  simplest  tepm  of  each  polyatomic  gponp,  op  that 
in  which  the  peplacement  of  the  hydrogen  by  the  diatomic  alcohol-padide  is  the  least 
that  is  consistent  with  stability. 

The  action  of  an  alcoholic  dibpomide  on  ppimapy,  secondap;^,  and  teptiapy  mona- 
mines,  e.  g,  on  ethjlamine,  diethylamine,  and  triethylamine,  is  subject  to  ppedsely 
similar  laws ;  but  it  evidently  becomes  less  complicated,  and  the  numbep  of  possible 
products  less  numerous,  as  the  numbep  of  atoms  of  peplaceable  hydrogen  in  the  mona- 
mine  is  diminished. 

To  petupu  to  the  general  equation  just  eited.   If  n  »  1,  it  assumes  the  simple  form : 

R'^r«  +   2NH«  -  [N«R"H«]"Bp«; 

which,  if  R  »  C^H^  peppeeents  the  fopmation  of  dibromide  of  ethylene-diam- 

monium,  the  diamine  of  which,  undergoing  further  substitution  under  the  influence 

of  dibromide  of  ethylene,  yields  the  highw  terms  of  the  series  of  diatomic  ethylenc- 

bascs,  viz.  N«(C4[*)«BP  and  N«(C%*)». 
When  n  a  2,  the  general  equation  becomes 

2R"Bp»  +   4NH«  -  [N»frH»]'"Bp>  +  NH*Bp, 
peppesenting  the  formation  of  the  firsttermof  asericsof  tri>ammonium  compounds ; 

the  following  terms  of  which  are  N"fi«H«,  N«R*H\  NWH^and  N«ft« 

In  the  ethylene-serics,  this  last  equation  represents  the  formation  of  tribromide 

of  diethylene-triammonium,    [N\C*b*)'H»]'^r*;  which,  under  the  influence  of 

an  alkali,  yields  diethylene-triamine,  N^^'^T-H^**  capable,  when  subjected  to  the 
alternate  action  of  dibromide  of  ethylene  and  oxide  of  silver,  or  an  alkali,  of  yielding  tri  - 

ethylene-triamine,  N^C%*)'H',  and  other  triamines  of  higher  degrees  of  substitution. 

The  portion  of  the  mixture  of  volatile  bases,  obtained  by  the  action  of  ammonia  on 
dibromide  of  ethylene,  which,  after  several  rectifications,  boils  between  200^  and 
220^  C,  consists  almost  wholly  of  di-  and  tri-ethylcne-triamine.  These  bases  cannot 
be  separated  by  distillation,  in  consequence  of  the  proximity  of  their  boiling  points ; 
but  their  separation  is  effected  by  transforming  them  into  platinum-salts,  which 
crystallise  with  remarkable  facility. 

Both  dicthylene-triamine  and  tricthvlone-triamine  are  powepfully  alkaline  liquids ; 
soluble  in  every  proportion  in  water  and  alcohol,  almost  insoluble  in  ether.  They  boil 
respectively  at  about  208°  and  216®  C.  They  neutralise  acids  completely,  ^ving  rise 
to  the  formation  of  well-defined  and  in  most  cases  beautifully  crystallised  salts, 
which  are  generally  veiy  soluble  in  water,  sparingly  soluble  in  alcohol,  insoluble  in 
ether.  The  aqueoiis  solutions  of  the  salt«  are  not  preci{4tated  by  solutions  of  caastio 
alkalis,  but  sohd  hydrate  of  potassium  separates  their  bases  in  the  form  of  nearly 
colourless  oily  liquids,  which  rapidly  attract  carbonic  acid  from  the  air. 

Both  these  bases,  and  indeed  the  triamines  generally,  are  capable  of  forming  three 
claflBea  of  salts,  containing  respectively  3,  2  and  1  molecule  of  acid ;  thus,  diethylene- 
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Uiainmc    appears    to    form    three     hydrochloraUs,    contaiiung  N*(C*H»)*H».SHCl, 

N^C^j[l*)-H\2HCl,  and  N«(C^H*)'H\HC1,  the  latter  being  still  aouUful,  but  the  two 
former  being  eBtabliahed  by  nnmeroos  i'xperim(*nts.  Th©  platinum-salts  appear  to 
e^bit  a  still  greiiter  diTersity  of  composition,  being  capable,  not  only  of  fommig  aalt» 
correapo&ding  to  th©  three  bydrochlorates  just  mentioned  ;  viz. 

N*(e^H«)'H\3HCL3Pta' 

NXC«H*)*H\2Ha.2PtCl« 

N»(C%)'H».Ha.PtCl»; 

but  likevriae  compounds  in  which  the  Tinraber  of  dichloride^of-pLitiimin  moleculfiffj 
dimini&hes,  wlili^t  the  amount  of  hydrochloric  acid  remaiofl  constant ;  Budi  aa 

N>CC»*H*)lH*.3HC1.2Pta» 

N"(C%*)=.H^3BCLPtCl" ; 

not  to  speak  of  water  of  cryatatlisatioDf  which  many  of  theaa  salts  ntaln  witli 
great  pertinacity.  _  . 

This  great  diversity  of  salts  introduces  considerable  difficulty  into  the  proceis  o#| 
sepaniting  the  two  bases  by  converting  tliem  into  saline  compounds  ;  moat  of  the  Balti,  I 
however^  and  cept'eiuJly  the  platinum-aaltST  ciyataIlij*P  very  readily,  a  cincTimstAnoie ) 
which  greatly  facilitatra  the  detonninatiou  of  the  conditions  tinder  which  tiie  more  im-* 
portant  salta  are  pnoducei 

The  tripktinic  salt  of  dietbylene-triamine,  C*B["K*.SHCL3PtCl*»  a7«ejiUiaet  in 
magnificent  golden-yellow  needles.  It  cannot  be  recrystaliiaed  without  decomposition  ; 
a  pectdiarity  which  likewise  bdonga  to  the  platinum-aalts  of  eeTerul  other  triatomiei 
ammonias.  New  platinum  compoundji  are  thus  produced,  in  some  of  whto-h  tho  I 
chloride  is  miit«d  with  a  smaller  number  of  molecules  of  pladnie  chJondo ;  whijj^c 
others,  almost  insoluble  in  water,  and  contaumng  a  xery  large  amount  of  platinum,  appear 
to  be  x^rodncod  by  platimc  substitution. 

Triethyl one -tri amine,  C«ir*N'«=N^C»k*)*H',  forms  salts  of  greater  solubility 
than  those  of  dietbylene-triamiiie^  and  exhibits  a  greater  tendency  to  form  impejfK'tly  i 
aaturatcd  salts  ;  indeed^  the  normal  or  triacid  salts  of  this  base  are  obtained  only  in  J 
preaencd  of  a  large  excess  of  acid^  feebly  acid  solutions  always  depositing  salta  contain*  1 
mg  2  at*  acid  to  1  at.  of  the  base  ;  and  these  diacid  suit';,  when  mixed  with  the  frea  ' 
base,  yield  salts  approaching  in  compoKition  to  the  mono -acid  salts,  e,g,  C*H'*N*.HBr, 
thoujpi  these  last  huTe  not  1x?pti  obtiiinfd  quite  pure. 

The  normal  p/ti^rnKwi-^fl/^,  C*H**N*.3HCL3PtCl\  crystallised  in  long  gold-coloured, 
needles,  much  mr»re  soluble  in  wiiter  than  the  platinum-salts  of  the  ethylene-diaminci] 
as  well  as  of  diethylone-triamine,  with  which  the  trietbylene-triamine  is  likely  to  bo ' 
contaminated.    It  cannot  be  recrystiilUsed  without  suffering  deoompoeition  like  the  di* 
ethylenic  platinum-salt  above  mentioned.     Left  in  contact  with  an  excess  of  the  triacid 
hydrochlorate  of  triethylene-triaminc,  it  changes,  after  a  daiy  or  two,  into  well-formed 
prisms  of  consideriil)le  ffize,  containing  about  8  per  cent  of  platinum  less  than  the  ori-J 
ginol  salt,  and  apparently  consis^g  of  a  platinum -compound  the  constitution  of  whidul 
IS  not  yet  perfectly  established.  I 

The  normal  gdd-sa!t  C"H'*N'.3HCL3 AuCl'  cnrBtallises  in  yellow  plates  soluble  ia] 
water,  alcohol,  and  ether :  they  may  be  recryBtjilliaed  from  watep»  but  on  prot 
ebullitioD  they  are  decomposed,  with  separation  of  metallic  gold. 

Ethylatid  Tria mines, — The  ethylenc-triamines  just  described  are  powerfiill* 
acted  on  by  the  iodides  ofmethjl  and  ethyl,  doubtless  producing  ethylated  or  methyl-| 
ated  ethylene- triamiacs.     The  products  thus  formed  hare  not  however  been  examinadl 
in  detail,  but  somo  of  the  ethylated  derivatives  of  the  ^thylene-triamines  have  I 
obtained  by  the  atlion  of  dibromide  of  ethylene  on  ethylamiue.     This  reaction,  s 
already  observed  (p.  687),  yield*  a  mixture  of  bases,  which  may  be  partly  separat^l 
by  fractional  distillation.     The  portion  which,  slier  several  rectifications,  passes  ovejf 

below  2(^0*  0.  eonsbta  mainly  of  two  ethylated  diamines^  NXC*H*)(C*H*)*H*.  and 

tlie  p^>rf  ton  of  the  mixture  boiling  above  200°  contains  the  ethylated  triamioes. 
Dissolved  in   hydrrttehloric  acid   and  mixed  with  dichloride  of  platinum,  it  yit*14i  j 
a  JijxLendidly  er5'sttiJli8i?d  platinum-salt,  which,  by  numerous  cryfltaJlisationfl,  mav  bd 
scpAsiited  into  two  salts,  one  sparingly  soluble,  the  other  mor©  soluble  in  water,     l^h^  * 
consist  of  the  platinum-salts  of  the  two  bases : 
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(C%*)« 


/(C*H*)« 
Diethylene-triethyl-triamine  C»»H»N»  =-  N'»|(C«H»)« 

Triethylene-triethyl-triamine      .        .        .        C>«H«N»  «  N«{|^IS 

Both  these  bases  are  oily  liquids,  powerfully  caustic,  extremely  soluble  in  water, 
boiling  between  220^  and  250^  C.  Both  form  neutral  crystalline  salts  very  soluble  in 
water,  likewise,  though  less'so,  in  alcohol.  The  ^Id  and  platinum  salts  of  diethylene- 
triAthyl-triamine,  which  have  tlie  normal  composition,  crystallise  welL 

The  salts  of  the  second  bases  are  even  more  soluble  than  those  of  the  first :  the  plati- 
num-salt crystallises  only  when  the  solution  is  evaporated  nearly  to  dryness. 

D  i  e  t  hy  1  e  n  e  -  d  i  e  t  hyl  - 1  ri  am  i  n  e,  OH'W = N*  J  (C^»y,  is  another  base  sometimefl 

i     H« 
found  among  the  bases  of  higher  boiling-point  produced  by  the  action  of  dibromide  of 
ethylene  on  ethylamine.     Its  formation  is  due  to  the  presence  of  small  quantities  of 
ammonia  in  the  ethylamine  employed  : 

3[N(C«H»)H-]  +  NH«  +  2C«H*Br»  -  [N«(C«fe*)«(C»H»)»H«]Br>  +  [N(C«H»)H»]Br. 

This  base  forms  remarkably  beautiful  c^talline  salts,  among  which  the  hifdro' 
chlorate,  C*H»'N».3HC1,  is  distinguished  by  its  insolubility  in  alcohol,  a  proper^^  which 
rnndcrs  it  easy  to  separate  this  base  from  the  other  bases  accompanying  it.  The  hy- 
droohlorato  crystallises  in  leaves  having  a  nacreous  lustre :  it  is  veiy  soluble  in  water, 
insoluble  in  ether.  The  corresponding  nydriodatej  C"H*'N".3HI,  is  much  more  soluble, 
and  is  formed  only  when  a  great  excess  of  acid  is  present.  In  fact,  tiie  ethylated 
ethylene-triamines  exhibit  the  same  tendency  to  form  diatomic  salts  as  the  ethylenc- 
triamines  themselves.  A  solution  of  diethylene-diethyl-triamine  just  neutralised  with 
hydriodic  add,  deposits  the  salt  C«1P'N».2HI.  The  nUraU,  C»H»'N».3HN0«,  dissolves 
readily  in  hot,  moderately  in  cold  water,  and  is  deposited  from  a  hot  saturated  solution 
on  cooling  in  large  rectangular  tables  having  the  aspect  of  nitrate  of  silver. 

Tbtbaminbs. — The  general  equation  a  (p.  689),  when  n  »  3,  becomes: 

3RTBr»    +    6NH«  -    [N*ft«H»»]»'Br«    +    2NH«Br; 
showing  that  the  simplest  tetramino  of  the  ethylene  series  is : 

Triethylene-tetramine  .        .        .    C«H»N«  ^  N*|(^^^7. 

The  separation  of  this  base  among  the  products  of  the  action  of  dibromide  of  ethylene 
on  ammonia  is  attended  with  veiy  great  difficulty,  on  account  of  its  high  boiling  point ; 
but  it  may  be  obtained  pure  by  submitting  ethylene-diamine  to  the  action  of  dibromide 
of  ethylene : 

2[N.|(Cg:)"]   +  Ch'.Br.  +  2HBr  -  [Nf  C|:r]"Br.. 

The  hydrobromic  acid  which  appears  in  this  equation  arises  from  another  phase  of  the 
reaction  not  yet  completely  studied. 

Triethylene-tetramine,  separated  from  the  bromide  by  oxide  of  silver,  is  a  powerftiDy 
alkaline  liquid,  which  dries  up  to  a  syrup,  showing  no  tendency  to  crystaUiso.  The 
platinum-salt,  C»H'"N*.4HCL4PtCl*,  is  pale  yellow,  amorphous,  almost  insoluble. 

Ethylated  Tetr  ammonium  a. — These  compounds,  obtained  by  the  action  of 
dibromide  of  ethylene  on  ethylamine  and  diethylamine,  are  more  easily  prepared  in  a 
state  of  purity  than  the  ethylene-tetrammoniums  themselves. 

Dibromide  of  ethylene  heated  with  diethylamine  to  100^  C.  in  sealed  tubes  for 
some  hours,  forms  three  bromides,  viz.  bromide  of  diethylammonium,  dibro- 
mide of  ethylene-tetrethyl-diammonium,  and  tetrabromide  of  tri- 
ethyleneoctethyl-tetrammonium : 

2[n|(^'2*)']  +       C«H»Br«     «      rN«|(C«H*)M   Br«. 
c[n{(^5*)T    +     3C^n«Br^     ^      [n4!^|)^V   +   ^ 
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On  treating  this  mixturo  of  bromides  with  <mde  of  silver,  and  subjecting  tlie 
Hberated  haaes  to  a  protract^^d  current  of  steam,  ditftbylamiuo  and  ethylene- tetrethyl-dia- 

mine,  N'C'h*(C'H')\  which  are  Tolatile,  pass  off  with  the  Hteam,  while  a  fixed  alka- 
line base  romaina  behind,  consisting  of  hydrate  of  triethybne-octetbyl-tetramnioiiiiim : 

This  base  forms  well  defined  salts.  The  platinum  salt^  ahnoat  inaolmbl©  in  water, 
«sparat^3  from  a  dilute  and  ^ntly  warmed  aolntion  in  small  cryiitallinG  plates  con- 
taining C**H"N*Cl*.4PtCR  This  salt  treated  with  snlphnrotted  hydrogen  is  eon- 
Tettdd  into  the  soluble  chloride,  which  yields  with  trichloride  of  gold  a  cryst^d- 
UnBcMsali  containing  C»H"N*C1^4AtiC1».  The  iodidr,  C«n^^X*I\  is  obtained  by 
trentmg  the  free  base  with  hydnodic  acid.  It  is  very  soluble  in  water,  bat  may  be 
obtain^  in  white  GzystBls  bj  eolation  in  alcohol  and  oraporation. 

The  octethylated  base  treated  with  iodide  of  etbyl,  yields  the  iodide  of  tri- 
ethylene-nonethyl-tetrammonium: 

which  forms  ver^  fine  crystals  leas  soluble  in  alcohol  than  the  octethylated  iodide* 

When  dibromide  of  ethylene  is  heated  with  (thylamint  to  100*  C,  in  sealed  tnhes^'J 
a  more  oompIicat<Ni  reaction  takes  place,  giving  rise  to  the  formation  of  six,  and  occa 
sionally  of  seven  bromidea,  viz. : 

Bromide  of  EthylamraoDium    ,.*.,, 


[Nf%>. 


c^'nn" 


N»J(C«H*]^J  Bi^ 


(c'k'n 


Bi*1 


'f      Br» 

((>H*n ' 


Dibromide  of  Ethylenc-diethyl-diammonium    . 
Dibromide  of  Biethylene-diethjl-diammoninin 
Tribromide  of  Diethylene-trietbyl-triammoBimu 
Tribromide  of  Triethylene-triethyl'triammoninra     . 

Tetrabromide  of  Pestethylene-tetrethyl-tetrammoiiium    . 

Tetrabromido  of  Hexethylene-tetrethyl-tetrammonium  ♦ 

The  ammonias  belonging  to  the  first  five  of  these  bromides  (whidi  have  been  Already 
considered)  are  volatile,  ami,  when  separated  by  oxide  of  silver,  are  easily  driven  off  by  I 
cnrreot  of  st&am.  There  then  remains  a  powerfulty  alkaline  liquid,  consisting  in  mos< 
r  exdasitely  of  tbo  hydrate  of  pentethylene-tetrethyl-tetrammonium: 


rN>|(Cr-H=')*J    B] 


C..H«N^O*   =.  [N*CC^H*nCW)«H2;JQ, 


The  simple  salts  of  this  t*trammoiiium  are  extremely  soluble  and  very  dlfiScult  ta  i 
crystallise.  TUgold^6aH,C^m'm'C\'Ak\xC\\  and  thep/<J^in«m-*a/^C^"n<-N*Cl*APta^-' 
on  the  contrary,  ore  drfficultly  soluble,  emd  are  obtained  in  an  amorphous  form,  or  i 
very  indistinctly  crystalline  f^latea. 

The  formation  of  the  pentethylenated  tetrammoniom  is  repreeented  by  the  equation, 

N*J(6h*H    Br*   +   e[(^|^S^)sr.] 
The  pentetbylated  base,  which  still  contains  2  at.  of  replaceable  hydrogen,  may  wiU» 


C«H*Bp» 

+       NH« 

« 

2C?H*Br* 

+     2NH« 

ss 

3C»H*Bp» 

+     2NH« 

B 

4C«H*Br* 

+     4NH« 

S3 
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some  difficulty  be  oonverted,  by  the  action  of  iodide  of  ethyl,  first  into  the  pent- 
ethylene-pentethylated,  and  lastly  into  the  pentethylene-hezethylated 
tetrammonium. 

Hezethylene-tetrethyl-tetrammonium,  which,  as  already  mentioned,  is 
occasionally  produced  by  the  action  of  dibromide  of  ethylene  on  ethylamine,  may  be 
obtained  in  a  state  of  pnrity  by  the  action  of  dibromide  of  ethylene  on  eUiylene-di- 
ethyl-diamine,  or  on  diethylene-diethyl-diamine ;  thus: 

4[n'J(CH')']    +  4C«H«Br«  -  [N'jjc^IjrjV  +  2  [(n«|(C^H»)')  Bp«  ;] 

and: 

2i^\[^r] ,  2cm^^ .  [Nii^:)ri"Br.. 

Monatofnio  Bases  prodtteed  by  the  action  of  Dibromide  of  Ethylene  on  Ammonia  and 

the  Monamines, 

The  action  of  ammonia  on  the  bromides  of  diatomic  alcohol-radicles  likewise  gives 
rise  to  the  formation  of  monatomic  ammoninm-bases,  containing  monatomic  radicles  in 
which  1  atom  of  hydrogen  is  replaced  by  bromine.  Thos  ammonia  and  dibromide  of 
ethylene  acting  upon  one  another  in  equal  numbers  of  molecules  may  produce  the  fol- 
lowing compounds  containing  the  monatomic  radicle  bromethylammonium, 
CH^r: 

[N(C«H*Br)  H»]Br. 

N(C»H*Br)^*lBr     +       NH«Br. 

■NCC^H^BryH '  Br     +     2NH*Br. 

>^(C»H*Br)*     ]Br     +     SNH^r. 

These  monatomic  bromides  differ  from  the  diatomic  bromides  in  this  respect,  that 
only  half  the  bromine  which  they  contain  is  removable  by  oxide  of  silver,  whereas  in 
the  diatomic  bromides,  both  atoms  of  bromine  may  be  thus  removed.  (See  AHXONnTM- 
Bases,  i.  196.) 

Further,  if  the  reaction  takes  place  in  presence  of  water,  the  bromine  within  the 
radicle  may  be  removed  in  the  form  of  hyopobromic  acid,  and  its  place  supplied  by  the 
molecular  residue  of  the  water,  HO,  pro<lucinpf  monatomic  bromides  containing  the 
radicle  oxethyl,  CH^HO)  or  (?H»0 ;  viz.  [N(C*H*0)H*]Br,  &c. (the oxethylenaminea). 

Lastly,  a  third  class  of  monatomic  bromides  may  be  produced  in  consequence  of  the 
tendency  of  dibromide  of  ethylene  to  split  up  into  hydrobromic  acid  and  bromide  of 
vinyl,  C*H*Br  (p.  669).  In  this  manner  the  bromides  of  vinyl- ammonium, 
[N(CH')H']Br,  and  of  di-,  tri-,  and  tetra-vinyl-ammonium  maybe  produced. 

These  reactions  are  complicated,  a  very  large  number  of  bases  l}eing  produced  at 
once,  so  that  the  separation  of  them  becomes  a  matter  of  considerable  difficulty. 
Simpler  results  are  obtained  by  acting  on  dibromide  of  ethylene  with  etiiylamine,  di- 
ethylumine  and  triethylamine,  the  reaction  becoming  less  complicated  as  the  number 
of  atoms  of  replaceable  hydrogen  in  the  amino  be^mes  less ;  it  is  especially  in  the 
action  of  dibromide  of  ethylene  on  the  tertiary  amines,  that  the  monatomic  bromides 
are  produced :  the  results  suggested  b^  theory  for  this  case  are  simple,  but  experiment 
has  failed  to  produce  some  of  me  most  interesting  terms  which  are  possible.  But  all  the 
possible  compounds  are  obtained  when  a  tertiary  monophosphine  is  substituted  for  the 
tertiaiymonamine;  with  triethylphosphineyioTmaXajicCt  the  following  salta  are  generated. 

rP(C»H«Br)(C«H»)«]Br. 
P[(C«HK)XC*H»)«]Br. 
[P(C«H»)(C'H»)«]Br. 
(See  Phosphortjs-Basbs.) 

Ozetliyleiuuiilnes  or  BUiylene-liydoraiiiines.  (A.  Wurts,  Compt^  rend, 
xlix.  898  ;  liii  338 ;  R6p.  Chun,  pure,  1860,  p.  67  and  1861,  p.  41.)---0xide  of  ethylene 
unites  directly  with  ammonia  in  various  proportions,  forming  a  series  of  bases  which 
Wurtz,  who  discovered  them,  represents  by  the    general  formula  (CH*0)".NH\ 

(C%*)->0- 
^^     H»     (N. 

When  oxide  of  ethylene  is  placed  in  contact  with  a  concentrated  aqueous  solution  of 
ammonia,  a  powerful  action  takes  place  in  a  few  minutes ;  on  evaporating  the  pro- 
duct over  the  water-bath,  and  saturating  the  syropy  residue  with  hydrochloric  acid, 
a  mixture  of  the  hydrochlorates  of  three  oxethylenic  bases  is  obtained,  viz.  of  mono-, 
di-,  and  tri-oxethylonamine,  which  may  be  separated  by  moans  of  absolute  aloohoL 
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1,  Thehydrocblorateof  trio xe thy leiitt mine,  "^   ^n*     V HCl,  is  insoluLlo  in  ab 

Into  alcobol,  and  is  precipitated  on  adding  that  liquid  to  tlit*  mijtture, 

2.  On  adding  dicmoride  of  platiimm  to  the  ulcoholio  solutioD,  thodioxothylena- 

mine  is  pT»?cipitat<?d  in  the  form  of  a  platinum  salt  containing  ^   ^ttt»  '  [HCLPtQ*. 

If  the  alcoholic  fiolntion  cootaine  a  little  wrtter»  as  when  a  Btrons  aqueoaa  solution  ti^ 
chloride  of  platinum  is  used,  this  salt  is  not  entirely  precipitate^^  but  the  precipit^ition 
may  then  be  completedi  by  the  addition  of  ether, 

*J.  If  the  ether  be  addtid  in  Hucceasive  small  j>ortions,  the  character  of  the  precipitate 
graduully  c  hungry,  and  in  place  of  the  preceding  platinum -sal  t^  which  crystallisca  in 
splendid  rhomlxiidaJ  prisms^  light,  golds u-yellow,  nacreous  aealps  are  at  length  obtained, 

eoneisting  of  the  platinum-salt  ofmonoxethylenamine,     ^^,  >  HCLPtCl*. 

The  hydrochloratc  of  monoxe  thy  leu  amine,      NH"[^^'^   seporutea  spontaneonalji 
after  a  long  time  from  the  alcoholic  mixture  of  the  hydrocbloratee  of  this  and 
dioxetliyleuic  l>a*e,  obtained  as  al)Ove,  in  email  cryatala,  which  may  bo  freed  &om  tbo  * 
thick  mot  her- liquor  by  ntpid  washing  with  absolute  alcohol. 

The  liydrochlorates  of  these  two  bases  ar*?  lik«wiao  formed  by  heating  a  mixture  of 
liydro:!iy chloride  of  ethylene  (glycolic  cblorhydrin)  and  nqneoiu  nmmoma  to  100**  C, 
in  a  Strang  flask  for  several  hours : 

C^H^CIO   +     NH"  -  (C»H*0,KH").HCL 
2C»HHnO   +  SNH"  -  [(C»H*0)».NH'].HC1  -i-  NH*CI 

Tim  product  of  the  reaction  ia  eraponited  to  dryness,  and  tbo  residue  digested  with 
ftbiolute  alcohol,  which  ditBolres  the  two  oxethylenic  bydrochloratcs,  and  leaves  tliOj 
Rid-iimmoniac     Hyditxihlorate  of  trioxethylenamino  does  not  appear  to  be  forme<l  14 
tills  rejiction. 

The  baiies  separated  from  the  hydrochloratea  by  the  action  of  oxide  of  BUrer,  and 
eraptinited  in  vacuo,  are  thick  syrupy  liqnids,  having  a  strong  alkaline  reaction,  and! 
remaining  in  the   form  of  thick  syrupa  when  their  solutions  are  evaporated  inf 
vacuo. 

TttroxeiA^lenamific  or  TctrHh^l^iiC'hr/dtrramin^,  (C^H'OV.NH^-^When  trioxetbytpji- 
amine  is  heated  in  a  sealed  tube  with  hydroxychIori<i*j  of  ethylene,  a  mass  of 
crystals  is  formed,  conaisting  of  the  hydroclilor:itC!i  of  tri-  and  tctr-oxetbylonamiiu% 
tjDirethep  with  a  syrupy  liquid  containing  the  fn'e  tetretbylenated  base.  The  hydro* 
chlorate  of  this  base  is  formed  by  the  diroct  union  of  the  elements  of  the  acting  »ul>- 
staace« : 

(C'H*0)»JfII"  +  C'H*O.HCl  =  [(C=H^Oy.KH>l,Ha, 

The  hydrochlorate  of  trioxethylenamino  is  formed,  together  with  oxide  of  ethylea 
in  the  maimer  shown  by  the  equation : 

(C=H^O)*.NH*  +   C''H*0.HC1  «  [(CH*0)Mra»]HCl  +   C»H*0; 

and  the  oxide  of  ethylene  thus  set  free  unites  with  another  portion  of  trioxethylenn 
mine,  producing  the  free  tetretl^lenated  bftJ^<^ 

The  chhr&plaiinate  of  this  base,  [(C*H*0)*.NH»]*HClJ*tCl« ;   crystaUisca  ijj  fin 
golden-yfUow  scales,  easily  soluble  in  water,  ia»jlublo  in  alcohol  and  ether. 

The  mono-,  di-,  and  tri-ethylenatcd  bases,  in  the  free  state,  may  be  referred  to  1 
type  ammoniji,  NH',  by  supposinfr  thtm  to  contain  the  monatomic  radicle  oxtth^lfne, 
C*H*(HO)  or  C=I1*0 ;  their  formuhe  then  b<?como 


OxethjienamlQe,  DIoxeihirleaiuiilne.  TrlcxtHhylcDunlnCL 


H» 


!"• 


"^i-- 


(C*H»0)*N, 


Their  salts  may,  of  t^ourste,  be  represented  as  ammoniura-Sidta,— a  mode  of  representa- 
tion which  may  aka  Iw  extendecl  to  those  of  the  foui'th  base ;  tlio  bydrochlorutes,  for 
example,  muy  be  formulated  thus : 


N.CL       (C=H*0)« I  ^^j         {Cm'OY }  jj  ^jj        (C2H>0)*N,0L 


But  the  fourth  base  (C'H^OV-NH*,  in  the  anhydrous  state  cannot  be  represented  as 
an  ammonia.  Moreover  it  is  found  that  trioxethylen amine,  (C-U'O)'.NH*,  can  take 
up,  nol"  only  I  at.  C''1I*0  to  fbrm  tlif^  tetr^-thylemited  base,  but  likewise  2,  3,  4^  &c,,  mole- 
cules of  uxide  of  ethylene,  forming  bases  of  greater  and  greater  complexity,  and  con- 
tiuoally  dtminisliing  in  basic  poweTi  but,  nevertheless  all  possessing  the  sajne  genonil 
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characters  being  capable  of  turning  reddened  litmus  blue,  saturating  hydro- 
chloric acid,  and  forming  hydrochlorates  which  unite  with  dichloride  of  platinum. 
The  platinum-salts  thus  obtained  are  very  difficult  to  separate  one  from  the  other, 
being  non-ciystalline  gummy  masses.  Two  of  them  have,  however,  been  obtained 
in  a  sufficiently  definite  state  for  analysis,  and  have  yielded  numbers  agreeing  approxi- 
mately with  the  formulas  [(Cr»H«0)»NH«].HCl.RCP  and  [(C'H«0)'NH»].HCl.PtCl". 
Now,  it  is  impossible  to  refer  these  more  complex  bases,  containing  more  than  four 
molecules  of  oxide  of  ethylene,  to  the  ammonium  typo ;  hence  it  is  better  to  regard  the 

whole  series  of  bases  as  formed  on  the  mixed  type,  ''tjiv  |  ,  or    ''Si  [  ir",  their  general 

formula  being  ^  H*nI  °'  H"(n  '  ^®°^  *^®  ^*™°  hydoramines,  proposed 
by  Kekul^.     (See  foot-note,  voL  i.  p.  197.) 

This  mode  of  representation  may  also  be  extended  to  those  bases  produced  by  the 
action  of  dibromide  of  ethylene  on  tricthylamine  and  triethylphosphine,  which  on  p.  593 
are  spoken  of  as  monatomic,  and  containing  the  radicles  bromethyl  and  oxethyl,  e.  g. 

Bromide  of  Triethyl-bromethylammonium    ^^^^frJN.Br  «  (C2H»?|n'^ 

See  the  article  Amhonium-Bases  (i.  196) ;  also  KekiUi'a  Lehrbuch  (p.  668). 

For  ethylene-bases  containing  Arsenic,  see  voL  i  p.  400 ;  for  those  containing  Phos- 
phorus, see  Phosfhobus-Basbs.  A.  W.  H. 

JTHlJUanB'OAllBAMIPBS.  Ethylcne-uretLS,  (Vol hard,  Proc.  Boy.  Soc  xi 
268.) — Compounds  produced  by  the  action  of  cyanic  acid  and  the  cyanic  ethers  on  the 
ethylene-diamines. 

Ethylcne-dicarhamide.  C*H"N*0»  -  N*(CO)«(C»H*)"H«.— This  compound, 
which  contains  the  elements  of  1  at.  ethylene-diamine  (C*H*N*),  and  2  at*  cyanic  acid 
(^CHNO),  is  produced  by  the  action  of  cyanate  of  silver  on  dichlorido  of  ethylene- 
aiammonium.  It  crystallises  in  prisms  soluble  in  water  and  in  alcohol ;  melta  at 
192^  C. ;  dissolves  easily  in  hydrochloric  or  nitric  acid,  and  separates  out  unaltered 
on  evaporation.  Boiled  with  very  strong  potash-solution,  it  splits  up  into  ethylene- 
diamine,  carbonic  acid,  and  ammonia : 

C«H"N^O«  +  4KH0  =  C'H'N'  +  2NH«  +  2K«C0». 
Ethylene-dicarbamido  is  a  mono-acid  tetramine,  forming  with  dichlorido  of  platinum 
the  salt  C'H'»N*O^HCl.PtCl«,    and  with  trichloride  of  gold,  the  salt   C*H»«N^Ha. 
AuCl'.      The  platinum-salt  crystallises  in  orange-red  prisms ;  the  gold-salt  in  golden- 
yellow  scales. 

Ethylene-diethyl-dicarhamide.  C"H>«^'*0«  =  NXCb)«(C»Hy(C«H*)«H«— Of 
this  compound  there  are  two  modifications :  a  obtained  by  the  action  of  cyanate  of 
silver  on  chloride  of  othylene-dicthyl-diammonium ;  $,  bv  the  direct  union  of  1  at. 
ethylene-diamine  (C^H»N*)  with  2  at.  cyanate  of  ethyl  (C«H*NO).  Both  these  bodies 
crystallise  in  needles ;  but  o  dissolves  very  easily  in  water  and  in  alcohol ;  melts  with 
partial  decomposition  at  124®  C,  forms  a  platinum-salt  containing  C"H'"N*0'.HC1. 
PtCl*,  and  an  unstable  gold-salt ;  whereas  ;9,  though  easily  soluble  in  boiling  water, 
dissolves  with  difficidty  in  cold  water,  and  is  even  less  soluble  in  alcohol :  it  melts 
without  decomposition  at  201°  C,  solidifying  again  at  186°,  and  does  not  unite  with 
the  chlorides  of  gold  and  platinum.  Moreover,  a  heated  with  potash  is  resolved  into 
ethylene-diethyl-diamine  and  the  products  of  decomposition  of  cyanic  acid,  viz. 
carbonic  acid  and  ammonia : 

C«H»N*0»  +  4KH0  -  C«H'«N«  +  2XH»  +  2K«C0"; 
whereas  fi  splits  up  into  ethylene-diamine  and  the  derivatives  of  cyanic  ether,  viz. 
carbonic  acid  and  ethylamine : 

C«H'»N*0*  +  4KH0  =  C^»N«  +  2C«H^N  +  2K»C0». 

The  two  modifications  of  diethylcarbamide  produced,  the  one  by  treating  cyanate  of  • 
ethyl  with  ethylamine  or  with  water  (i.  764),  the  other  by  the  action  of  cyanic  acid 
on  diethylamine,  exhibit  similar  differences,  the  former  splittii^  up  into  carbonic  acid 
and  ethylamine  ;  the  latter  into  carbonic  acid,  ammonia,  and  diethylamine. 

BTSTXJBVS-BZCBliOBXBB  OT  PXi ATZVUBC.  CHTt'CP  «  (C^H«Pt.«Ci;|.Cl 
Inflammable  or  Detonating  chloride  of  platinum^  FAhyl-chloroplatinic  acid.  (Zeise, 
[1830]  Pogg.  Ann.  xxi.  497  and  642;  xl.  234.— Griess  and  Martins,  Proc.  Roy. 
Soc.  XI.  609. —Om.  viii.  388.— Gerh.  ii.  316.)— Obtained  by  distilling  alcohol  with 
dichlorido  of  platinum.  Aldehyde  is  then  given  offi  together  with  hydrochloric  acid 
and  chloride  of  ethyl,  and  there  remains  a  dark  brown  liquid,  which  deposits  a  largo 
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qnautity  of  a  black  explosive  powder  containing  fltJiyleue-dichlorid©  of  plalinum,  toge- 
ther with  hydrochlono  acid  and  other  substiuices  : 

2C^*0   4^    2PtCl«  =.  C?H*Pt=Cl»   +  C*H*0    +   2HC1  +    H*0. 

IWparatimi. — 1.  One  pL  of  dichloride  of  platinum,  tL&fre^  as  possible  from  proto* 
cljloride,  is  dissolved  in  10  pts,  alcohol  of  gpedfie  graTity  0*823;  mo  Bolution  dLstilled 
tDl  the  reifidnp  is  bronght  down  to  one-fifth  (a  very  gentle  heat  only  beting  applied 
towards  the  end  of  tho  opera ti(»n,  liecanse  the  mirtnrG  is  very  apt  to  jump  and  splaah 
orer) ;  the  Liquid  residuo  filt4>red  to  Bfparate  it  from  the  black  in<?ammftbl6  platmum 
deposit;  the  filtrate  (the  cmdt  iiqmd)  cantiously  evaporated  to  dryneaa ;  the  bruwu 
p«*idue,  mixed  with  black  and  ydlow  particles,  exbanat^d  with  cold  water ;  and  the 
yellowish  brown  Rolution  separated  from  th«  nndiMolved  brown  gummy  embataoee.  and 
evaporated^— most  advontageonsly  in  vaciio,  because  in  that  case  there  ia  not  so  much 
innoluble  brown  matter  reproducied.  Tlic  yellow  or  yellowish  brown  residue  is  then 
redi^olved  in  water,  a  few  brown  particles  again  rGmaining  nndisaolYed,  and  the 
filtrate  i»vftporat«d  in  vacuo  over  solid  potash :  ethylene-dichlorid©  of  platinum  then 
remains  in  a  etatt^  of  tolerable  purity,     (ZtMse.) 

2.  A  conccutrat^d  aqueous  solution  of  dicliloride  of  platinum  is  addi^d  to  a  concen- 
tnit<»d  aqueous  solution  of  the  compound  of  ethylene-didiloride  of  pLatinum  and  sal- 
nmraoniac^  as  long  as  a  pri»<?ipitate  of  chloroplatinate  of  ammonium  Gontinines  to  fall ;  the 
liquid  quickly  filtert?d,  anil  f'Tapomtcd  quiekly  in  vacuo,  first  over  oil  of  Titriol,  and 
thfm  over  oil  of  vitriol  and  hydnite  of  potiiah:  the  gummy  and  friable  residue  washed 
with  A  small  qmintity  of  water  to  remove  any  excess  of  dichlcride  of  platinum,  or  of  the 
cofopoundofetbylene-dichloride of  platinum  with  sal-ammoniac,  that  may  be  present; 
then  dissolved  in  a  larger  quantity  of  lukewarm  water,  filtered  from  the  chlon^platinatc  of 
ammonium,  and  evaporated  in  vjicuo.   This  method  yields  the  purest  producL  (Zeise,) 

PropcttifA. — Ethylflno-dichloride  of  platinum  is  a  very  pale  lemoo-coloured  sub- 
stance?, which  becomca  brown  and  black  by  expoaure  to  ligbt,  but  does  not  aheorb 
moiHture  from  the  air>  It  diasolveg  flk>w]ly  in  water  and  in  alcohol.  The  solutions 
have  an  acid  reaction,  and  are  very  liable  to  alteration. 

Df^nnposittonf. — L  The  compound  subjected  to  dry  distillation  firoths  up  moderately, 
givc«  off  a  large  quantity  of  hydrocblciric  acid  gas  and  carburotte<l  hydrogen,  and 
leavoB  a  black  rc«iduc,  which,  when  heated  in  the  air,  burns  without  fiamt'  like  char- 
coal, and  loaves  metallic  platinum. — 2.  If  set  on  fire  in  the  air  before  it  has  been 
ignited,  it  hums  with  flame  and  leaves  metallic  platinum  having  a  eilvery  lustre. — 
3.  Tho  aqueous  solution  heate<l  to  the  boiling  point  quickly  becomes  turbid,  and 
deposits  n(*arly  all  the  platinum  in  the  metallic  state,  at  the  same  time  giving  off 
hydrochloric  acid  and  a  large  quantity  of  combustible  gas,  but  neither  alcohol  nor  ether, 
the  solution  likewise  becomes  decoloristKl  and  deposits  a  brown  mucus,  even  at  ordinsry 
or  slightly  elevated  temperatures,  especially  if  ex^Kjaed  to  light  Theaqueoua  solution  of 
the  pure  compound  obtained  by  the  second  mode  of  preparation  may  be  evaporated 
in  vncuo  without  decomposition  ;  but  the  solution  of  the  compound  prepared  by  the  first 
method  suffers  some  degree  of  decomposition  when  thus  evaporated.  If,  however,  a  largo 
quantity  of  hydrochloric  add  be  atlded  to  the  aqueous  solution,  it  is  not  decomposed 
even  by  boiling. —  4.  IfnUratfi  of  gUmr  be  added  to  the  aqueous  solution  juat  so  long 
as  a  precipitate  of  chloride  of  silvar  continues  to  form-* and  the  liquid  ba  then  fil* 
ter^'d,  the  filtrate  l:iecom,e»  turbid  in  a  few  minutes  and  soon  yields  a  large  onaQtityof 
blat^k  pulverulent  platinum- deposit,  which  increases  considerably  on  the  application  of 
heat ;  after  which  the  filtrate  will  again  throw  down  chloride  of  silver  from  a  solution 
of  the  nitrate,  l*art  of  the  chlorine  is  therefore  more  intimately  combined  than  the 
rest — 6,  The  aqueous  solution,  mixed  with  excess  of  potashf  yields,  after  a  few 
days,  a  brown -grey  gummy  deposit,  retaining,  however,  a  oonsiderablo  quantity  of 
platinum*  whidi  is  not  prceipitattsl  till  tJie  liquid  is  heat^L  If  the  aqueous  solution  be 
immpdiately  heated  with  excess  of  potash,  it  gives  off  a  gas  and  a  distillate  which 
Kwiellfl  like  tallow,  and  deposits  a  black  powder  mixed  with  metallic  acalost  which, 
whin  ^Iriffl  and  then  strongly  heated,  detonates  with  violence;  it  also  seta  fire  to 
alcohol.— 6.  The  aqueous  solution  acta  with  tnoffntma  in  the  same  manner  as  with  cold 
potash,  forming  a  powder,  which  wheu&eed  foom  magnesia  by  dilute  nitric  acid«  and  well 
washed  and  dirioa  in  vacuo,  likewiae  explodes  Tiolently  when  healed.^ — 7.  Omprr  and 
fnereury  throw  down  from  the  aqneotia  Bolutioo  a  black  precipitate  which  aetonates 
when  heated. — 8.  Sidphydrie  ttdd  ^as  paased  through  the  squeous  solution  eliminates 
a  gas,  decolorises  the  liquid  corapletely^  and  forms  a  yellow  precipitate^  which  soon 
turns  black     The  fil tered  1  iq uld  contains  nothin g  bu t  hydroeh I oric  acid,     ( Z  e  i  s  e. ) 

(hmMnatimis. — Ethylene'dichloride  of  platinum  unites  with  ammoDia,  with  the 
chlorides  of  ammonium,  potassium,  and  sodium^  and  with  the  chloridea  of  sevurdl 
organic  bases* 

Ethf/lene-ammonio-dichloride  of  Platinum,  NH>.C'n'Pt»a«  =  [C?«n>(Tm*) 
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I*t*C13*C3l. — ObfcLined  by  precipitating  a  concentrated  aqtieona  solation  of  etliyleno- 
dtchloride  of  plfttinum,  or  it«  compound  with  flal-ammomac  or  dilorida  of  potassium, 
with  a  slight  excess  of  caustic  ammonlA  or  cArbonate  of  anmionia.  If  tfao  coin[>ouiid 
with  chloride  of  potnnaium  be  used^  that  salt  ia  foiind  in  the  ^Ltrato,  With  the  iMil> 
ammoniac  compound,  potaflh  may  be  used  for  the  preparation  instead  of  ammonia. 
Caustic  ammonm  in  large  excess  exerts  a  decomposing  action  on  the  compound :  hence 
it  is  better  to  use  carbonate  of  ammonia.     (Zeiue.) 

Tho  buUtjf  and  at  first  light-yellow  precipitate  blackens  by  expostire  t^  air  ond  light ; 
its  colour  is  alao  gradually  changed  by  Ibe  action  of  wtitt?r  or  alcohol.  When  aub- 
jeeted  to  dry  distLllatiou^  it  gives  off  a  oombuatible  giis,  hydr*Jchloric  acid  gas,  and 
Mt*aminonCac,  luid  leaves  a  mixture  of  platinum  and  chur<M>4l.  As  it  bums  in  the  air^ 
the  mass  ftnaOy  takes  fire  from  end  to  end.  The  compound  disaolTcs  in  watt^-r  w«ne- 
wltAt  more  readily  than  gypsum ;  the  solution  treated  with  potash  givra  off  ammonia, 
md  when  heated  with  am  acid  deposits  metallic  platinum.  Alcohol  appiMnt  to  dis- 
solve  the  compound  nioro  readily  than  water.  Dilute  hydrochloric  acid  colours  it  p 
darker  yellow,  and  then  dissolves  it,  producing  the  following  compound     (Zeise.) 

Etht/lene-dicMoride  of  Platinum  with  Sal-ammoniac.  InJlamMabh 
CMoropifttinaU  of  ammfmium. — The  critd^  Hqmd  (p.  6&fi),  which  should  not  be  ren- 
dered turbid  by  a  concentrated  solution  of  chloridfl  of  potaa^'um,  is  diluted  with  a  four- 
fold quantity  of  water,  and  decanted  firom  the  det^naring  platinum-dt'ioyit ;  a  quantity 
of  Bal-ammoniaCi  amounting  to  IS  per  cent,  of  the  dichloride  of  platinum  used  to  fonn 
the  crude  liquid  is  then  dissolved  in  it ;  the  Bolution  evaporatt^l  down  to  one-third  ; 
the  brown  crystalline  mass  which  forms  on  cooling  broken  up.  and  dissolved  in  a  smaU 
quantity  of  warm  water,  after  the  veiy  acid  mother-liquid  has  run  olF;  the  solution 
evtpocttted  at  a  gentle  heat  and  cooled  to  the  crystallising  point ;  the  prystab 
vssbed  with  a  smaU  quantiiy  of  water,  then  diswlved  in  a  larger  quantity ;  and  the 
solution  is  left  io  crystallise  by  evaporation  in  vacuo* 

Lemon-yellow^  tronspan-'ntj  shining,  oblique  rhombic  prisma,  oflen  half  an  inch  long, 
which  become  covered  with  a  black  film  on  exposure  to  air  and  light.     (Zeisc) 

The  ciyslak  contain  6"  18  per  cent.  (1{,  or  pt^hapa  more  correctly  1  at.)  water  of 
crystallisatioa,  which  they  ^ve  off  at  100*^  C.  or  in  vacuo^  without  further  decompo.'*i- 
tion  ;  heated  to  redness  in  the  air,  they  leave  platinum.  Their  aqueous  solution,  whin 
heated  alone,  or  mixed  either  hot  or  cold  with  excess  of  potaali,  exhibits  thf  fiiuno 
dseom positions  as  the  solution  of  ethylene-dichloride  of  platinum  heatM  alon<\ 
Mixed  with  caustic  potash  and  evaporated^  it  yields  a  white  precipitate.  The  crystals 
^s^olve  in  leas  than  6  pta.  of  cold  water,  more  sparingly  in  alcohol.     (Zcise.) 

Ethyltnt'dichloride  of  Platinum  with  Chloride  of  Potasnium* 
C*H*Pt*CilKCL  InJIammahk  Plntinopotassic  -Skr//.— Obtained  by  diluting  the  crude 
liquid  in  the  retort  (p.  596)  with  about  four  times  its  bulk  of  water;  decanting  it 
Imn  the  detonating  platinum-deposit;  diaaolving  in  it  a  quantity  of  chloride  of  pota*- 
ttium  eqtial  to  ]  of  the  diehloride  of  i^latinum  used  for  the  preparntian  of  the  crude 
liquid;  and  otherwise  procaedmgag  in  the  preparation  of  the  sal-ammoniac  compound. 

Laige  LemoD-yeUow,  transparent^  flhining,  oliliquo  rhombic  pri^tns.  ocP  i  oeP  s 
103^68';  oP  :  ooP  -»  112°  6'.  (Forch hammer.)  Reddens  Etmu«.  Has  a  per- 
sistently astringent  and  metallic  taste,  Lissolros  in  §  pto.  warm  waU^r,  leas  easily  in 
alcohol. 

The  crystallised  salt  exposed  to  light  and  air  becomes  coyered  with  a  black  crust. 
It  contains  472  per  cent.  (I  at.)  water  of  crj^stalliisation,  which  it  gives  off  completely 
between  100^  and  160^  G.  in  a  current  of  diy  air;  it  Ukewiae  effloresces  at  oidinury 
tempejatures  in  veiy  diy  air,  and  quickly  in  vacuo.  The  dry  sidt  blackens  at  »1x»it 
20(P;  gives  off  witliout  any  tumefaction  a  mixturti  of  2  volfi.  byiln^chloric  acid  gas  and 
1  vol.  combustible  gas  ;  and  leaves  a  grey  mass  containing  ehl'irrjplatiuute  of  fxirusniuiu 
(Zeisc).  According  to  Griesa  and  Martins*  the  gas  evolved  cnuHintfi  of  ethylene, 
tha  decompoaitlon  taking  place  as  shown  by  tho  equation:  C'lI*Pt*CP.KCl  =  Pt'Cl'-h 

Cktorine  gas  acta  on  the  dry  salt  only  when  aided  by  heat;  it  then  forms  hydro- 
dllorio  acid  and  trichloride  of  carbon.  Chlorine^  brtymint^  and  iodiv*^,  added  to  the 
aqaeons  solution  of  tho  salt,  emit  an  odour  of  ether.  The  dty  pulverised  salt  ho,tted 
in  a  stream  of  hydrogtn  gas,  blackens  and  exliibits  tr^ices  of  mrtisturo,  but  does  nrtt 
undeigo  complete  decomposition  till  it  is  heated  in  tho  current  of  gas.  A  stream  of 
hydft^n  paased  through  tho  aqueous  solution  throws  down  metalHc  platinum. 
The  aqneona  solution  exhibita,  with  nitrate  of  stlvfTt  the  same  reaction  as  ethyleiie- 
dichloride  of  platinum  alone.  At  90°  C.  it  decomposes  rapidly,  but  a  certain  quantity 
of  platinum  always  remains  in  solution.  In  this  I'aso  also  hydrochloric  acid,  as  well 
as  sulphuric  and  nitric  acid,  preventM  tbt?  decompoaition,  oven  at  the  boiling  lieai;  au 
k  of  chloride  of  potassium  appears  uko  Xo  exert  a  protecting  action* 
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Eih^lent'diehloride  of  Platinum  with  Chloride  of  Sodium, — Biificiilt  to 
eryHtniiiKe ;  dtHaolTos  soraewhal  Blawly  in  tilooho]«  ibcming  ft  yeUav  solution,  unlo^  an 
ai?id  U  prosont. 

Compoundt  of  Ethylene'dichloride  of  Flaiinum  with  the  Ckiaridet  nf 
Organic  baaes, — A  numbisr  of  these  compounda  hayo  been  obtain<Ml  hj  Grieas  lail 
Martitii;,  but  no  detuiled  description  of  them  haa  yet  b«4*u  published.  Th«S9  mm.- 
fKJundy,  tnoiit  of  which  form  very  fine  crystala,  may  be  arranged  in  two  Beriei,  i 
parable  in  nirtny  respects  with  certain  ckiMses  of  componndi*  which  protochl^rid*  of 
platifmm  forms  with  organic  baaes.  Retrarding  ethylene-dichloridG  of  pLitinum  as  tlws 
chloride  of  a  monatomic  mdido,  C*H*Pt=^Ci,  a  very  simple  relation  between  the  com- 
pounds of  thitt  body  and  those  of  protoehloride  of  platinum  becomee  perceptible  ;  thtu — 


ComponndB  of  Protocbloride  of 
Phitiuum. 


Compounds  of  Etliylene-dicliloridi?  of 
Flatinam. 


First  S*rk$. 


PtCl 
H*Na.FlCl 

*^'^*fNCLPtCl 
(^'^^;|  N=CR2PtCI 


.    (C'H^pt'a^a 

,  H*NCl.(<7H'Pt*Cl).Cl 

*^'2>[Na(c»H*pt*ci),ci 


^'tNCl 


Pt^ 


NCI 


Second  Smc9, 

*      C*H*Pt*Clj^*^ 
C»H»v 
H'fNCl 
CH*Pt*Oy 

.     ,      .     .  hInci 

CH-Pt'Cl* 
CC^H*r\ 

(C»H*Pt^)*> 

Wb^n  the  aquoong  solation  of  the  last  compound  in  the  Urst  of  the  aboTe  setieo^ 
▼18.  CC*HV  J  j^aQj2[(C^H^Pt»Cl)Cl],  IB  boaed,»oon«iderable  quantity  of  gaaia evolved; 


H    NCI 
PtJ 

HHNH]!' 
Pt'l 


H-r 


and  beautiful  yellow  fiparingly  soluble  nfredleB  are  deposited^  containing 
The  reaction  ia  represented  by  the  equation, 


(C*H*)' 


HnN«CI*. 

Pt*j 


^^  ^^B  N'CP,2[(C»H*Pt*Cl)Cl]  =  H*  [  N*a» 


2Cn*  +   2HCI 

Pt^j 

£THTI.ElffE-HXI>ORiLraiirES.     See  ErnTLSNB-BAflBS  (p.  59i). 
ETHirx.Ei9's«PHliirii&iumifSS.    See  Phemtlahikb. 
l£THirX.£^S-PB08PSr2sr£S,     Sec  Fko.^horus-Basss. 
STHirXf£H£«SUCCXlS'IC  ACXI>.     See  Ethtleni,  Succwatji  of  (p,  5B2)» 
STHTXi£T7£-StriiPaimXC  AGZ3>»     See  Ethtlbstb,  Suiphate  of  (p.  582)* 
ETBTIiZZlirii-Btl'XiFStrSOirS  A.CZS8.  SoG  StTLPHTTiiors  Etiie&s. 
£THTI.z:i7E-Ti:TRABEXXr£B  aud  TRX&1«Xir£8.     Bee  Ethti.BKB-: 
EXHTTIiEirE-irjlEAB.     Sett  ETHYLEJns-CA.EBAMIDBS  (p.  695), 

ETBTXiroiiifE,  C'H*. — A  radicle  not  known  in  Ihe  Beparate  atttt^lmtmip 
po«ed  to  oxiat  in  certain  compounds  derived  from  aldehyde  and  laomerto  will  Cha  r"^ 
responding  oompouuda  of  ethylene ;  e.g, : 

EthflMene-compoundf, 


Aldehyde 

ChJoride  of  Ethylidene 

Compound  of  Aldt^hyde 

and  Aci-tic  Anhydride, 
Compound  of  AhlehydeJ 

and  Chloride  of  Acetyl  \ 
Acetal 


C=H^O 
C*H»Cl« 

C'n*0,C*H*O' 
C'H^O.CH'OCI 


liomeric  with 
Oxide  of  Etiiyleno  , 
Chloride  of  Ethylene 

Diacetate  of  Erhyleno 

Acefoxy chloride  J 
of  Ethylene     ( 
"^,ih 


(yW*0*    BiethylateofEtbylone. 


cm*o 

C«R<.(C5H»0»)« 

C«H*.0»H'0*.C1 
C«H*.(C«H»0)^ 
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These  two  series  of  compounds  are  intimately  related  to  each  other,  and  chloride  of 
vinylf  CH'Cl,  which  may  bo  produced  firom  either  of  them,  may  be  regarded  as  the 
link  between  the  two. 

Bromide  of  BfbyUdene.  C'H^Br'.  (Wnrtz  and  Frapolli,  Ann.  Ch.  Pharau 
cviii  225.) — ^This  compound  is  obtained  by  passing  vapour  of  aldehyde  over  ^nta- 
bromide  of  phosphorus  in  a  vessel  externally  cooled.  The  products  are  bromide  of 
eth^lidene  and  oxybromide  of  phosphorus  ((XH«0  +  PBr»  «=  C^H<Br»  +  PBr»0), 
which  cannot  be  separated  by  fractional  distillation,  because  the  bromide  of  ethylidena 
is  decomposed  by  heat.  The  oxybromide  of  phosphorus  may,  however,  be  removed  by 
agitating  the  mixture  with  lumps  of  ice,  replacing  them  as  they  melt.  A  dense  yeUow 
liquid  is  thus  obtained,  which  is  insoluble  in  water  and  is  readUy  decomposed  by  wat^r, 
with  evolution  of  hydrobromic  acid :  hence  it  ia  impossible  te  obtain  the  compound  in 
a  state  of  sufficient  purity  for  analysis. 

Bromide  of  ethylidene  treated  with  ethylate  of  sodium  yields  acetal : 

C?H*Br*    +    2C«H»NaO»    «    2NaBr   +    C«H»«0». 

Acetal. 

Chloride  Of  BUiyUdene.  CH^Cl'.  (Geuther,  Ann.  Ch.  Pharm.  cv.  321.— 
Wnrtz  and  Frapolli,  Compt.  rend,  xlvii  418;  Ann.  Ch.  Pharm.  cviii.  223.) — ^Pro- 
duced by  the  action  of  pentachloride  of  phosphorus  upon  aldehyde : 

c^H^o  +  pci»  »  c«H*ci«  +  poa>. 

Glycol    treated  with  pentachloride  of  phosphorus  yields  the    isomeric    compound, 
chloride  of  ethylene. 

The  vessel  containing  the  chloride  of  phosphorus  must  be  kept  cool,  while  the  alde- 
hyde is  added  by  small  portions ;  afterwards  the  mixture  is  warmed,  whereupon  the 
whole  dissolves  to  a  homogeneous  liquid,  which  gradually  blackens  when  distilled,  and 
gives  off  below  100°  C.  a  liquid,  from  which  water  separates  an  oily  body,  and  above 
100°  oxychloride  of  phosphorus.  The  oily  liquid,  dried  by  chloriae  of  calcium  and 
rectified,  yields  chloride  of  ethylidene. 

Chloride  of  ethylidene  is  a  transparent,  colourless,  oily  liquid,  resembling  chloroform 
in  taste  and  odour.  Specific  gravity  1*189  at  43°  C.  (Geuther).  Boils  at  68° 
(Wurtz  and  Frapolli),  at  60°  (Geuther). 

It  is  isomeric  with  chloride  of  ethylene,  but  differs  from  it  in  specific  gravity  and  in 
boiling  point,  the  specific  gravity  of  chloride  of  ethylene  being  1-266  at  12°  C.  accord- 
ing to  Regnault,  and  the  boiling  point  86°  according  to  Dumas.  The  two  bodies  differ 
also  in  their  behaviour  with  alcoholic  potash,  chloride  of  ethylene  being  easily  decora- 
posed  thereby  into  chloride  of  potassium  and  the  compound  C*H'C1 ;  whereas  chloride 
of  ethylidene  is  not  at  all  affected  by  alcoholic  potash  in  the  cold,  and  with  difficulty 
even  when  heated.  It  appears  also  to  be  identical  with  monochlorinated  chloride  of 
ethyl,  C*Ii*Cl.Cl  (p.  631),  that  compound  having  a  specific  gravity  of  1-174  at  17°  C, 
and  boiling  at  64°.     (Beilstein,  Bull.  Soc.  Chim.  de  Paris,  i.  60.) 

Chloride  of  ethylidene,  treated  with  ethylate  of  sodium,  docs  not  act  like  Uio  bromide 
and  produce  acetal,  but  yields  a  gas  identical  in  composition  and  properties  with 
chloride  of  vinyl  (C«H«a). 

Oxychloride  of  BthyUdene.    C«H"a«0  «=  (C%«)«|^'.    (A.  Lieben,  Compt. 

rend.  xlvi.  662 ;  Ann.  Ch.  Pharm.  cvi.  336.) — This  compound,  which  is  isomeric  with 
monochlorethylic  ether  (p.  640),  and  may  be  regarded  as  a  double  molecule  of  aldehyde, 
in  which  1  at  O  is  replaced  by  2  at.  CI,  is  produced  by  the  action  of  hydrochloric 
acid  on  aldehyde : 

2C«H*0   +    2HC1   =   Cm*Ci'0    +    HK). 

When  aldehyde  cooled  by  a  freezing  mixture  is  saturated  with  dry  hydrochloric  acid 
gas,  the  liquid  increases  in  volume  and  separates  into  two  colourless  layers,  which 
must  be  immediately  separated,  as  they  act  upon  each  other.  The  lower  layer  is 
aqueous  hydrochloric  acid ;  the  upper  is  oxychloride  of  ethylidene,  which  may  be 
purified  by  repeated  distillation  over  chloride  of  calcium. 

Transparent,  colourless  liquid,  smelling  of  aldehyde  and  hydrochloric  acid.  Specific 
gravity  1-1376  at  12°  C.  Boiling  point  116°— 117°.  Vapour-density  608  (taken  at 
173°) ;  calc.  (2  voL)  -  4-95. 

Oxychloride  of  ethylidene  is  not  decomposed  by  water  in  the  cold,  but  on  heating 
it  is  converted  thereby  into  hydrochloric  acid  and  aldehyde.  Pentachloride  of  phos- 
phorus does  not  act  upon  it  at  ordinary  tempcniturcs,  but  when  heated  with  it  in  a 
Hoaled  tube  to  100°  C.  for  several  hours,  it  dissolves  completely :  the  organic  product 
cannot,  however,  be  separated  from  the  oxychloride  of  phosphorus  formed  at  the  same 
time.     (Wurtz  and  Frapolli.) 
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Geuthej  and  Cartraell,  by  treating  aldehyde  with  hydrochloric  ecld,  hare  ob- 
tained, bt^idea  tho  oxy chloride  jimt  deilcnbc^l,  anothor  which  has  the  cotuposttioQ 
C»H"CI'0*,  and  may  be  regiwded  as  a  triple  molecule  of  aldehyde,  C*f[*K>*,  in  whjdi 
1  at*  0  ifl  repkced  by  2  at  CI     (Proc.  Roy.  Soc.  x.  110.) 

Clilorettiylate  of  StbyUdene.  C*H*C10«C»H«.C^'0.Cl  fWttrt«  and  Fra- 
poHi,  Ana.  Ck  Pharm,  cviii.  226.) — Prodii«?ed  by  passing  hydrcM^oric  add  to  aatn- 
ration  into  a  mixture  of  1  vol  aideh^*d<?  and  2  toL  absolnbe  alcohol,  suntnindpd  with  a 
freoaing  mixture.  Two  biyerti  of  liquid  are  then  formed,  the  lower  cotiaiatiii^  of 
aqaootta  hydrochloric  acid  and  the  upper  ethereal  layer  of  chlorethylate  of  ethylidcaie: 

C^*0    +    C*H«0    +    HCl    =    C*H"010    +   H'O. 

Thia  compoimdj  treated  with  ethylato  of  aodinmt  yielde  chloride  of  sodiuin  and 
acotal : 

C^H"€10    +    C*H»NttO    =    NaCl    +    C'H'H)', 

See  FomaAiiXDB. 
Luwig'a  name  for  Pboftlkxb  or  TBirrLBsrB.     (C*1I*  » 

STST&<S£MXPl!ffSC  ACXH.     See  HkmifxkIC  Ethibb. 

Syn.  with  ETHtXAMDra, 

or  BTBH^SS.    Componnda  of  ethyl  with  elementiiry  bodice  or 
with  otiier  idcohol-radides, 

ZSTSTXt-XiJLeTrc  AC^I.     See  LiLtmc  Etssbs. 
STBTXp-WAliXC  AC^l.    See  Mixic  Ersuti* 
BTHTXi-BlECOincc  ACZO.    See  Hscomc  Ethbbs. 
ETHTTi-imsZiIiXC  ACZll.     See  MsLiic  Ethehs. 

gTgYli-l«B»CAPTAy.     Syn.  with  Ethti^  SuLPHTDR^Tm  of  (p.  547X 
BTBTX»-llCET:aTliiLlVKXirES.     See  HxTHTLAmxi&s. 
ETsn.-nxsTHyx^coiriJv  lunc    See  Contkb  (p,  6). 
STHim-lKKllTST&IC  STSSS,     See  Ethtl,  Qxmm  OF  (p.  542). 

STSTXi-MORPSZlTS.     8ee  MoRFiitNB,  

£TSTXf-»tirCXG  AOm.     See  Mucic  Ethxss. 
STH7Xi-i72COTm.     See  Nicottkiz* 

STSn^iriTmAWZ^ZXmi    Slt^e  NrrRijni.nrB  nndnr  PHxmruiMon* 
ISTHTlv-lff  ITR  OPHUXrzi^Xlf  S.     See  Phzntc  Etkk&s. 
XSTHTXi-OCXTIiXC  ETBSm.     See  Ethyl,  Oxidb  op  (p.  612}. 
£TBT£~liatAIiZC  ACrB.     S{>e  Oxjllic  EtSKils, 
STB-n-OXACETZC  ACID.     Hec  OxACETic  EimoL 
ETHTXi-'OXAMZG  ACXS  anil  HXBT^-OmAmZSB.     See   OxiJOO  BnOU 
and  OxAjfn)E. 

STBTlr^PAmATAmTAJtZC  AClHi     8ee  PjuiAT^RTAAtO  Acm. 
STBTXi-PHSinr&AIMXZn'BS.     See  PuxmrLAMlSfS. 
ZSTHTXt-PHOSPHXN'ES.     See  FnospsoBU»>BiJi&, 

ETBYX.-PBOS9BOB.XC  and  -PBOSPBOmOlfS    AGSD8.     See  Tbo&FSLOSSO 

and  l*n<jsPHouin:s  I'/iiittis. 

ETHYli-PlCOX,rWl!.     See  PicOLOTB, 

BTBTXe-PlPERroXlO'li.i     See  PlPBRtDnnL 

BTBTXi-PTERXTAmrZO  ACXXI.     See  PrEBiTAjrmc  AcDV 

BTB TXf  PT1&EDXI7B.     See  PramrKB. 

BTBTX-^trXBxmD,     See  Quwinb. 

jBlTiM,  ¥  li-SEZisipr  «7I>BXC  ACXH.     See  Ethtl,  Ssi^ENimiBATB  OF  (pv  543). 

STBTXfSXHAIifZKB.     Set;  SixaminI!. 

HTBTIi-STXBIIf  BS«     See  Antimont-Hai^iclks,  Oboakic  (i^  341). 

BTBYX-STBTCBimrS.     Sea  ST&Tcmnia. 

BTBTli-^ITliPBTOBZC  AGZ9«     See  Ethtl,  Sulfutdbatb  of  (p.  547}^ 
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BmbPBOOASBOWZO    and    -BinbPBOPBOBPBOHZO    AOXBB. 

See  SuLPHocABBONic  and  Sulphophosphobic  Ethers. 

BTU I  Jc-SUZiPa V  jmIO  and  -SmbPHUSOITB   ACIBB.    See  Sulfhubio  and 

SULFHUBOUS  £tHXB8. 

BTBn-TAmAByXBZO  ACZB.    See  Tannic  Acros. 

VAMTJkMXO  ACZB.    See  Tabtabic  Ethbbs. 

See  TmosiNAMiNE. 

^TO&UZBZVB.     See  Toluidinb. 

EOVZO  AOZD.    See  Mbthtl-dithiokic  acid. 

See  Cabbamtdb  (L  754). 

See  Cabbamic  Aged  (i.  751). 

Syn.  with  Eukaibitb. 

BirCAXiYV.  C*H>'0'. — ^A  saccharine  substance,  prodnced  in  the  fermentation  of 
melitose  (the  sugar  of  the  eucalyptus),  under  the  influence  of  yeast : 

C"H*K)"JB[«0  =-  2C0«  +   2C»H«0  +   C«H»K)«. 
Melitose.  Alcohol.  Eucalyn. 

It  is  syrupy,  dextro-rotatory  ([a]  =  +  5(P  nearly),  non-fermentable,  and  does  not 
acquire  that  property  by  the  action  of  sulphuric  acid.  It  becomes  coloured  at  100^  C, 
and  at  200^  is  converted  into  a  black  insoluble  substance.  Strong  sulphuric  acid  and 
fuming  hydrochloric  acid  destroy  it  at  100°.  Baryta  colours  it  stron^y  at  the  same 
temperature.  It  reduces  tartrate  of  copper  and  potassium.  These  properties  are  very 
similar  to  those  of  sorbin. 

BUOAXWrUB.  A  genus  of  Australian  plants,  one  species  of  which  jrields,  by 
distillation  with  water,  a  volatile  oil  resembling  cf^'eput  oiL  Several  species  of  euca- 
lyptus yield  the  so-called  Australian  manna,  a  white,  loose,  granular  mass,  in  which 
Johnston  found  a  crystallisable  sugar  (melitose),  containing  in  the  air-dried  state, 
according  to  his  analysis,  C'*H"0'*.H'0,  and  identical  with  grape-su^  (Mem.  Chem. 
Soc.  i.  159).  Bert  helot  (Compt.  rend  xli.  392)  also  finds  it  to  be  identical  in  com- 
position with  grape-sugar,  and  very  similar  in  its  reactions  ;  he  regards  it  as  a  com- 
pound of  grape-sugar  with  the  isomeric  substance  eucalyn.     (See  ])&ut06&) 

BVOABiPTZTB.    See  Euxamptitb. 

BVCBBBCa.  BPZVOBVM,  the  so-called  Agar-agar  (i  61)  contains,  accord- 
ing to  Oudemanns  (Arch.  Pharm.  [2]  Ixxxvii.  283),  nothing  but  the  ordinary 
constituents  of  plants. 

BUCUIiOBZWB*  A  gaseous  mixture  of  chlorine  and  oxide  of  chlorine,  obtained 
by  the  action  of  hydrochloric  acid  on  chlorate  of  potassium.  (See  Chlobine,  Oxtobn- 
COMPOUNDS  OF,  i.  912.) 

BVCBBOZC  ACZB.  C"H«N«0".  (Wohler  [1841],  Pogg.  Ann.  lii.  610.— 
R.  Schwarz,  Ann.  Ch.  Pharm.  Ixvi.  49). — Regarded  by  Laurent   and  Gerhardt  as 

mellamic  acid,  C*IPNO»  -  N^'^^^')"|o. 

The  ammonium-salt  of  this  acid  is  obtained,  together  with  paramide,  hj  heating 
pulverised  mellate  of  ammonium  to  150° — 160°  for  several  hours,  stirring  it  all  the 
while,  and  continuing  the  heating  as  long  as  any  odour  of  ammonia  is  given  off.  A 
pale  yellow  powder  then  remains,  consisting  of  a  mixture  of  paramide  and  euchroate  of 
ammonium,  the  latter  of  which  may  be  washed  out  b^  water,  and  obtained  in  crystalline 
crusts  by  evaporating  the  Altered  solution.  On  dissolving  this  salt  in  a  veiy  small 
quantity  of  lK)iling  water,  adding  hydrochloric  or  nitric  acid  to  the  hot  solution, 
and  leaving  it  to  cool,  euchroic  acid  separates  in  the  form  of  a  white  crystalline  powder, 
which  may  be  purified  by  recrystallisation. 

Euchroic  acid  crystallises  in  ^ery  small  rhomboi'dal  prisms,  usually  grouped  in  pairs ; 
it  is  sparingly  soluble  in  cold  water,  and  has  a  strong  acid  reaction.  At  200°  C.  it 
gives  off  10-54  per  cent.,  or  2  at.  water  (Wohler).  The  dried  acid  is  found  by  analysis 
to  contain : 

Dried  at  20(fi  C.  Wbliler.  Scbwurs  (meanj. 

C'2     .         .     144     .         .     47-37     .         .     48-66     .         .    47-55 
iV     ,        .        4     .         .       1-31     .  1-66     .         .       1-50 

N«     .         .      28     .         .       9-21     .         .     10-98     .         .       918 
O*     .        .     128  .    4211 

"ioi  .      .  10000 


602 


EUCHROITE. 


The  awilyticfll  nnmberi  Agree  tolenkbly  well  with  the  fbrmoia  C"H*NX>»  proposed 
bj  WoMcr,  according  to  which  eochi^  add  is  formed  from  trimelUte  of  ommoiiiiun 
bjr  the  abfitractioQ  of  4  aU  water : 

2C*H{NH^)01C"HH)^  -  4H^   =  2C"H*N*0». 

NeveiihdeBft  Gerhardt  rcgarda  the  formula  C*H«NO*[-=  C*H(NH*)0*  (acid  meUamatfl 
of  ammonimn)  ^  H*0]  bm  more  in  accordance  with  tho  mode  of  formatioii  ai  the  acid, 
and  AQggeets  that,  as  the  acid  antiljsed  by  Wohler  and  by  Schworz  waa  dried  at  200^  C*, 
it  was  perhaps  partlj  converted  into  paramide,  C'HNO*,  which  would  increase  the 
proportion  of  carbon. 

The  acid  remains  unaltered  at  280'^  C*  but  at  a  higher  temperature  melts,  boils,  and 
decompoAes,  yielding  hjdrocyanate  of  ammonia^  and  a  dark  green*  bitter  sublimate. 
(Wohler*)— Z/«r,  protoxide  of  iron,  or  the  ekctric  currmt,  throws  do\ni  from  an 
aqueous  solution  of  euchroio  acid  a  dark  blue  substance,  called  euchrono,  of  unknown 
compoaitioti,  innoluble  in  water,  but  dissolving  with  purple  colour  in  ^IWaJii^  and 
quicidy  oxidising  again  in  the  air  to  enchroic  acid  (Wohler). — The  dct*p  blue^ 
closely  adhering  deposit  with  which  zIdc  becomes  covered  in  tlie  aqueous  add,  de- 
taches itself  on  immersion  for  a  short  time  in  very  dilut*  hydrochloric  acid,  and  may 
then  be  collected  on  a  filter,  wasbrd,  and  dried.  The  black  mass  thus  obtained,  which 
is  free  ttom  sine,  is  instantly  oxidised,  by  the  slighteit  heating,  to  euchroic  acid ;  it 
diseolves  in  aqueous  ammonia  or  potash^  ^nith  a  more  splendid  colour  than  that  of  per* 
manganate  of  pot-assinm  j  but  the  solution  becomes  decolorised  from  above  downwards, 
on  exposure  to  the  uir,  and  very  quickly  if  agitated.  In  the  boiling  add,  zinc  ocquues 
a  similar  coating,  but  a  trace  of  gas  is  evolved  at  the  same  time,  and  the  liquid  deposits 
a  white  powder,  probably  meUate  of  zinc,  A  mixture  of  aqueous  euchroic  add  and 
jirotocM&Hde  of  iron  forms,  with  alkalis,  a  thick  deep  violet-coloured  predpitatc, 
which  immediiitely  becomes  rust-brown  on  eicposure  to  the  air,  and  dissolves  withouij 
colour  in  hydrochloric  acid,  because  the  reaultiug  sesquioxide  of  iron  is  reduced  to  ihm 
state  of  protoxide  by  the  euchrone,  which  is  thereby  recouTertrcd  into  euchroic  acidJ 
These  phenomena  are  not  produced  by  stannoua  or  manganous  chloride.  Platinum  ja 
galvanic  combination  with  sinc^  does  not  act  upon  the  a^ueou^  add,  but  decomposes  itfl 
ammonia-salt  (Wohler).  The  aqueous  acid  is  likewise  decomposed  by  the  electiit 
current^  and  covers  the  negative  platinum  with  a  deep  blue  deposit,  which,  however,  i 
soon  ceases  to  increase.  Euchrone  ie  not  produced  by  the  action  of  sulphuretted 
hydrogen,  sulphurous  acid,  hypoBulphites,  or  ap*enites  (Schwarz).  Euchroic  acid 
mixed  with  a  qtnintity  of  wJiter  not  suffident  to  dissolve  it  in  its  unaltered  hUiie,  and 
heated  to  200"^  C.  in  a  sealed  glass  tube,  dissolves  completely  in  the  form  of  add 
meUate  of  ammonium  (Wohler). 

0"H'N^O"   +   4H»0  =  2KH'   ^   3C^H=0*. 

EndiToic  add  dissolved  in  water  does  not  decompose  when  boiled  in  contact  with  the 
nir.    Hydrochloric  acid  and  nitric  add  exert  no  decomposing  action  upon  it.  (  W  ri  h  I  e  r.) 

Euchroic  add  is  dibasic,  ita  neutraJ  aalts  having  the  composition  G'*(H']lP)N*0*. 

Euchroaiea  of  Ammonium.^Th^  neutral  salt,  C'E'CNH^^NSQ*,  obtained  by 
evaporating  the  wash-water  of  paramide,  as  above  described,  forms  white,  scarce^j 
crystalline  crnsts,  which  ore  decomposed  by  hydrochloric  or  nitric,  but  not  by  r-^*^ 
acid.    (Wohler.) 

An  add  sail  is  sometimes  predpitAted  from  the  aqueous  solution  of  the  neutral  t 
instead  of  the  pure  add,  and  separates  from  solution  in  hot  water,  in  yellowish  cry  a 
lariger  than  those  of  the  pure  acid-     (W  o  h  1  e r. ) 

Euchroate  of  Barium,  C^^H'Ba^N^O*  +  HK),  is  precipitated  in  the  form  of  a 
pale  yellow  powder,  when  baryta-water  is  dropt  into  an  excess  of  waim  aqueous 
t-ucliroic  acid.     (Schwarz.) 

An  ticid  barium^Kolt  is  obtained,  as  a  pale  yellow  palTerulent  precipitate,  on  slowly 
adding  baryta-water  to  a  worm  solution  of  euchroic  acid  in  excess,     (^chwars,) 

Eitehroate  of  Lead.  C'^H^Pb^N^'O*  +  H-O.— The  l>oiling  aqueous  solution  of 
eucliroic  acid,  mixed  with  a  dilute  solution  of  neutral  ac»>tate  of  lead,  yields,  on  cooling, 
a  yellow  powdt^,  which  iippears  crystallino  under  the  microscope-  (The  filtrate  sepa- 
rated from  thia  prcdpitate  deposits  mellate  of  loiid  as  a  white  powder  when  boiled.) 
The  air-dried  salt  gives  off  11-36  per  cent,  (3  at,)  water  at  160°  C,  but  nothing  more 
at  a  stronger  heat  till  it  begins  to  decompose.     (Wd  h  ler.) 

Euchroate  of  Silver,  C'^H'Ag'N^O*,  is  a  sulphur-yellow  powder,  obtained  by 
mixing  a  boiliuR  aqueotii?  solution  of  the  add  with  a  dilute  solution  of  nitjute  of  eilvej; 
when  iTCiitcd  with  ammonia  it  becomes  so  gelatinous  that  it  passes  through  the  filters. 

SirCBSOZTIZ.  A  native  arsenalo  of  copper  found  at  Libethen  in  Huiigaty,  It 
contmns    3302   per  cent,    arsenic  anhytlridc,    47-85   cupric   oxide,   and   18'8  wotrr 
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(Turner,  Ed  Phil.  J.  iv.  301),  whence  the  formula  iChi^O.As'O*  +  7H»0,  or 
Cu*0.2Cu»AbO*  +  7H«0.  The  crystals  belong  to  the  trimetric  system,  irardncss  « 
3-6  to  4.  Specific  gravity  3*35  to  3-45.  Colour  emerald-green.  Streak  light  apple- 
green.    Lustre  vitreous.    More  or  less  transparent.     (Handw.  d.  Chem.  iL  [3]  943.) 

BUCBROWB.  A  product  of  the  decomposition  of  euchroic  acid  by  zinc  and  cer- 
tain other  reducing  agents  (p.  602). 

BirCli1tSllimHTB>    A  variety  of  augite. 

BUCLABB.  Prismatic  emerald. — ^A  silicate  of  aluminium  and  glucinum,  allied  to 
beryl;  found  in  Peru,  Brazil,  in  the  Urals,  but  rare.  Crystallises  in  monoclinic 
prisms,  often  modified  by  numerous  faces.  ooP  :  ooP  «»  116°  0';  ooPoo  :  ooP  ■■ 
107®  37'  30".  Ratio  of  principal  axis,  clinodiagonal  and  orthodiagonal  =  1  :  0-9718  : 
3-0008.  Cleavage  very  distinct,  parallel  to  ooPoo ;  much  less  distinct  parallel  to  oP 
and  [ ooPoo ].  Hardness  =  7*6.  Specific  gravity  =  30  to  31.  Colour  light  yel- 
lowish-green to  yellow,  bluish-green  to  blue^  also  white.  Lustre  vitreous.  Tran- 
sparent to  translucent.  Fracture  conchoidaL  Veiy  brittle.  When  strongly  heated 
before  the  blowpipe,  it  swells  up  and  melts  in  thin  splinters  to  a  white  enamel  Not 
attacked  by  borax  or  phosphorus-salt.     Lisoluble  in  acids. 

Euclase  was  formerly  regarded  as  an  anhydrous  silicate;  but  Dam  our  (Compt. 
rend.  xv.  942)  has  shown  that  it  contains  water,  his  analysis  giving : 

SiO»      A1*0«       GPO      Ca«0      Fe'O      SnO      BPO        F 
41-63       3407       16-97       014       103       034       604       038  «  10060 

whence    the    formula     2Gl«O.Si02  +  Al*0«.SiO»  +  aq.    or      f ^)*Si«0»  +  2a/H0. 

(Jahresber.  d.  Chem.  1862,  p.  866;  1863,  p.  800;  1865,  p.  941.— Dana,  ii.  267.— 
Bammolsberg,  p.  671.) 

A  name  formerly  applied  to  a  green  apatite  from  Lake  Baikal. 

A  mineral  from  Kandgerdloarsuk  in  Gtreenland,  crystallised  in 
hemihedral  forms  of  the  hexagonal  system,  the  primary  form  being  an  acute  rhombo- 
hedron  of  73°  40',  with  the  faces  oR,  c»R2,  and  other  forms  subordinate.  Cleavage 
very  distinct  parallel  to  oR ;  less  distinct  parallel  to  R.  Occurs  also  crystallo-granulaj*, 
massive,  and  imbedded.  Hardness  «  6*0  to  6'6.  Specific  gravity  «=  2-9.  Colour 
bluish  to  brownish-red;  streak  uncoloured.  Lustre  vitreous.  Opaque  to  slightly 
translucent.  Before  the  blowpipe  it  melta  easily  to  a  greyish-green  enamel ;  dissolves 
with  moderate  facility  in  borax,  yielding  a  glass  slightly  coloured  by  iron  ;  easily  de- 
composed by  phosphorus-salt,  with  separation  of  a  tumefied  skeleton  of  silica.  Easily 
decomposed  by  hydrochloric  acid,  with  formation  of  a  jelly. 

Eudjalyte  is  essentially  a  zirco-silicate  of  sodium  and  calcium,  that  is  to  say,  a  sili- 
cate in  which  the  silicon  is  partly  replaced  by  zirconium ;  but  it  likewise  contains 
tantalic,  or  rather  perhaps  niobic  acid,  and  several  other  constituents. 

Anaii/ses. — a.  by  Rammelsberg  (Pogg.  Ann.  Ixiii.  142),  b.  by  Damour  (Compt. 
rend,  xliii.  1197) : 

SiO»      ZrO»    TaO^    Fe'O    Mn«0     Ca^O      Na«0      K«0      CI     ^o'jjjj 
a,  49-92      16-88      .     .      697      115      1111      12-28      0-65      119    ^d-3T«100-62 
6.  60-38      16-60      0-36      637      161        923      1310      .     .      1-48      1-26=   9937 

These  analyses  lead  to  the  formula  M20.2(Si02 ;  ZrO'),  or  M«(Si ;  Zr)0«  (Si ;  Zr)0», 
analogous  to  that  of  a  metasilicate  with  excess  of  silica.  The  basic  metal  M  is  made 
up  of  sodium,  calcium,  and  ferrosum.     (Dana,  ii.  181. — Rammelsberg,  p.  893.) 

Closely  allied  to  eudialy  te,  if  not  identical  with  it,  is  eukoli/te,  from  Brevig  in  Norway 
(p.  605). 

BVBZOIOBTBB  and  BUBZOltKBTBT.  See  Analysis,  Volumbtbic,  of  Gasbs 
(L  268). 

BUnirOPBrrB.  Analcime  from  the  island  of  Lamo,  near  Brevig  in  Norway, 
supposed  by  Weibye  (Pogg.  Ann.  Ixxix.  303)  to  differ  from  ordinary  analcime  in 
crystalline  form,  being  trimetric  instead  of  monometric.  According  to  Moller,  how- 
ever (J.  pr.  Chem.  Ixix.  318),  this  difference  does  not  exist. 

BVOBB'ikX&OPBAirZO  ACZB.     Sec  Allophaxic  AQjji  (i.  134). 

BVGBVAVZSXC  AWBTBBZBB.     O^WO^  =^Eugenanisyl.     Aniscv^enyl-^\ 
compound  produced  by  the  action  of  chloride  of  anisyl  on  eugenic  acid.     It  is  crystwl- 
lisable  and  insoluble  in  aqueous  potash.     (Cahours,  Ann.  Ch.  Phys.  [3]  Hi.  189.) 
Syn.  with  PoLYi^Asms. 


604 


EUGENESITE— EUGENIN. 


Mi^ommmmtTM*  A  name  giren  hj  Kob«ll  to  the  pulladium  from  Tilkerode  ia 
tho  Hurtz,  wbich  ciystallifieB  m  the  heicagonal  ajstem  and  deaTes  panUld  to  tkt  hieiM 
of  a  hexagonal  pmm. 


BP'aBirBTSir^     Eugenat«  of  ethyl  (tn'd.  inf.) 


Oxidised  (isenc^  of  clovfs. 


CaryophyUic    acid* 


(Bonastr©  [1&27],  Ann.  CL  Phjs.  ixxv.  274,— Duma^ 
ibid.  Uil  164 ;  iilao  Ann,  Ch.  Phorm.  ix.  65  ;  xxvil  151. — ^Ettling,  Ann.  Ch.  Pharro. 
ix.  68. — Bockmann,  ibid,  xxrii.  155.— C,  Gr.  Williams,  Chera,  Ga«.  1858,  170.— 
Ciihonrs,  Ann.  Ch.  Pbys.  [3]  HI  201.— Stenhoase,  Ann.  Ch.  Pharm.  xcv.  103,^ 
Baeyer,  Ann-  CL  Pharm.  oot.  163. — Ohlxit.  201,)^ When  cloyes  are  distilled  with 
water^  a  ditstillut^  (crude  oil  of  clores)  iJi  obtained,  consisting  of  eugenic  o^^id  and  a 
hydrocarbon  isomeric  with  oil  of  torpentina  To  separate  these  substances,  tho  oil  is 
treated  with  potash^  which  dissolves  ihe  eugenic  acid,  and  tho  liquid  is  difltDled, 
whereupon  the  hydrocarbon  pasaea  oyer,  and  from  the  reaidnal  eugenate  of  potai»iuni, 
eugenic  acid  may  be  separated  by  a  mineral  acid.  The  acid  may  be  obtained  in  like 
manner  from  the  oil  of  cinnamon  leaves.     (Stonbonae.) 

Eugenic  acid,  whpu  purified  by  distillation,  is  a  colourleaa  oil,  of  specific  gravity  1*076 
(Stenhouse);  1-O084  at  4^^  C,  (William  a).  It  reddens  litmus,  has  a  spicy  burning 
tastflt,  and  a  strong  smell  of  cIot^.  In  contact  with  aii  it  quickly  becomes  lesmous.  It 
boila  at  242^  C.  {Stenbonse);  251^  (Williams).  Vapour-density -6^4  (Bnmas); 
calc.  (2,  vol.)  =  5'68. 

Eugenic  acid^  when  exposed  to  the  air,  quickly  assumes  a  darker  colour*  and  becomes 
resinous.  By  distillation  over  anhydrous  baryta,  it  is  converted  into  a  neutral  oil, 
haTing  the  same  composition  and  Ynpour^density  as  the  acid  itself  (Calri,  AniL  Ch. 
Fharm.  xcix.  242).  According  to  Church  (Phil.  Mag.  [4lix.  256),  it  forma  u  hydio- 
CArbon  boiling  at  142^0.,  and  probably  consisting  of  C*H^*,  isomeric  with  cumeno 
and  meaittMie.  Nitric  add  decomposes  eugenic  acid,  forming  a  brown  rtein  and  oxalic 
acid^  With  pmtackhnde  of  pho»phortUf  it  eTolves  a  gas  bnming  with  a  green  £ame 
like  chloride  of  methyl, 

Eugenie  acid  absorbs  the  vapour  of  cranio  acid  in  large  qtxanb'ty^  forming  eugea- 
allophanicacid»C'»H"O».2CNH0.     (Baeyer,  i  134,) 

The  chlorides  of  btnsoyl^  anist/l^  cumyl^  and  toluol  dissoHe  in  eugenic  acid  ia  thorJ 
cold  without  alt-cmtion  ;  but  on  heating  the  liquid,  hydrochloric  acid  is  giTen  oflF  in  1 
quantity,  and  on  treating  the  broTUTi  syrupy  or  solid  residue  with  dilute  potash,  douliL 
imhydridca  of  eugenyl  and  the  radicle  of  the  cHoHde  are  obtained,  wbich  may  I 
purified  by  washing  with  water  and  rociy  stallisation  from  alcohol ;  c.  g.  with  chloride  < 
benzoyl : 

^■•H"0|o  .  c.n^o.c,  -  <irH';ojo 

Eugenic  acid.  Cliilairlde  of       Eugi^ii^^-tM^moic 

bcnxofL  anhydride. 

Sngrenates.    Eugenic  acid  is  monobasic,  the  general  formula  of  its  suits  bein 
C"'H"MO^     The  amni&ntum-satt  soparates  in  the  granular  form  from  a  solution  l 
the  acid  in  aqueous  ammonia.    The  harium-«iUi  crystalliaes  in  thin  nacreous  Deedl« 
Of  laminie  soluble  in  alcohol     The  calcium-saU  forms  yeUowish  micnceou^  laminici 
basic  fead-^aU,  Pb'0.2C'*H'^PbO'  (?),  is  obtained  as  a  yellow  tenacious  pr<>cipitate  onj 
mixing  a  solution  of  a  lead-salt  with  eugenic  acid.     An  acid  potoj^um-mltt  C*"H'^KO*»T 
C"H'*0'  +  aq.,  according  to  Br  lining  (Ann.  Ch.  Pharm.  civ.  202),  b  obtained  ' 
SJttnrating  th  e  acid  with  caustic  potash ;  it  forms  nacreous  needles,  which  dissolve  in  wal 
with  decomposition  and  separation  of  part  of  the  acid;  alcohol  dissolves  it  without  de-  * 
eompositian.     The  magnesium-talt  is  amorphous  and  insoluble  in  water.     The  sodiutu' 
salt  forms  warty  cijstalfl  having  a  silky  lustre.     The  strontium'Salt  resembles  the 
barinm-aalt, 

Eugtnate  of  Ethtfl,     C'«H^«0»  =  *^'''^'^|o.   EugenHhyl,  Eugenie  eiJlsr.— Ob- j 

tained  by  saturating  the  alcoholic  solution  of  eugenic  acid  with  hydrochloric  acid,  or 
by  decomposing  cugenate  of  potassium  with  io£de  of  ethyl  in  close  vessels.    Aiteff  , 
washing  with  dilate  potash  and  d^ing  over  chloride  of  calcium,  it  forms  & 
colourless,  aromatic  Hquid,  insoluble  in  water,  easily  soluble  in  alcohol  and  ether«^ 
boiling  at  libout  240°  C. — de(X>mposed  by  chlorine,  bromine,  and  nitric  acid. 

JBUOSJfXV*  difve^amphoT,  SUaropttmr  of  oil  of  chtfes. — A  crystalline  *ub- 
stance  deposited  from  water  which  has  Wn  distilled  from  cloves  {Eugtnia  caryo- 
phi/Udt a.  Jjr).  It  was  discovered  in  1834  byBonastre  ( J,  Pliarra.  xx.  666),  and 
BcooFtUng  to  Dumas  is  isomeric  with  eugenic  acid  ;  but  it^  molecular  weight  hoa  not 


Ha. 
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been  determined.  It  forms  white,  nacreous  laminae,  having  a  faint  taste  and  smell  of 
doves ;  insoluble  in  water,  but  soluble  in  all  proportions  in  alcohol  and  ether.  Nitric 
add  turns  it  blood-red. 

Bncunro-ssvzozo  avbtsbibb.     c>'H>«0<  »  ^c^sq!^*    ^^^^ 

ffenylf  Eugenobemoyl.  {Formation,  p.  604.) — ^After  purification  bjrecrystallisationand 
distillation,  it  forms  colourless  needle-shaped  crystals,  perfectly  neutral,  insoluble  in 
water,  moderatdy  soluble  in  hot  alcohol  and  in  ether.  Melts  between  60°  and  65°  C, 
and  boils  above  360°.  It  is  not  decomposed  by  boiling  aqueous  potash,  but  by  fusion 
with  solid  potash,  it  is  converted  into  benzoate  and  eugenate  of  potassium.  iBromine 
and  nitric  add  decompose  it  more  readily,  probably  forming  substitution-products. 
(Cahours.) 

BVOBWOX.    Syn.  with  Eugenic  Acid. 

CXTION-EUOEKIO  AnhTDBIDB  (p.  180). 

eugeTicl, — Resembles  the  benzoic  compound.  Dissolves  easily  in  hot  alcohol,  and 
especially  in  ether.    (Cahours.) 

aVOZAVA  VZRZBZS.  The  granules  found  in  these  infusoria  consist,  accord- 
ing to  Gottlieb,  of  paramylum.  ^  (See  STABCfH.)  The  green  colouring  matter  is  in- 
soluble in  water,  easily  soluble  in  alcohol  and  ether,  somewhat  soluble  in  alkaline 
liquids.  The  ethereal  solution  produces  a  veiy  strong  blood-red  dispersion,  both  of 
daylight  and  candle-light.  It  appears  to  be  different  from  the  chlorophyll  of  phane- 
rogamous plants,  green  mosses,  and  algse.  (Salm-Horstmar,  Fogg.  Ann.  xcvii.  331.) 

AgCu*Se   or  (^[Se. — Native  selenide  of  silver  and  copper, 

found  in  a  magnesian  serpentine  rock,  intcrgrown  with  calcspar,  in  an  abandoned 
copper  mine  at  Sm&land  in  Sweden.  It  is  soft,  slightly  ductile,  with  a  fine-mined 
fracture.  Colour  lead-grey  ;  yields  a  grey  powder  and  a  shining  streak.  On  charcoal 
before  the  blowpipe  it  melts,  gives  off  a  strong  odour  of  selenium,  and  yields  a  grey, 
soft,  but  brittle  metallic  bead.  Colours  fiuxes  like  copper.  With  hot  nitric  add  it 
forms  a  solution  from  which  water  throws  down  selenite  of  silver.  Gives  by  analysis 
23*06  percent,  copper,  38*93  silver,  26*0  selenium,  and  8*9  earthy  matter.  (Berzelius, 
Schw.  J.  xxiiL  477.) 

BUXAUKPBrrS.  2Al«H02.3M'SiO*  or  (M»a/')SiO«  +  J  aq.  (where  M  represents 
Mg,  Fe,  and  a  small  quantity  of  Mn). — A  mineral  resembling  chlorite  in  external  ap- 
pearance, found  in  the  granite  near  Presburg  in  Hungary.  It  forms  dark  green  nacreous 
laminae,  deaving  easily  parallel  to  the  base,  thin  cleavage  laminae  exhibiting  a  brown 
or  red  translucenco ;  soft  and  fiexible.  Hardness  =  2;  specific  gravity  =  2*73. 
When  strongly  heated  in  a  glass  tube,  it  exfoliates  and  gives  off  water.  Before  the 
blowpipe  it  melts  on  the  edges  to  a  block  magnetic  glass  ;  me&  the  reactions  of  iron, 
silicon,  and  manganese  with  borax  and  phosphorus-salt,  and  dissolves  in  hvdrochloric 
add  with  separation  of  gelatinous  or  scaly  silica.  (Kenngott,  Handw.  d.  Chem.  ii 
[3]  961.) 

BUM'LABB.     Syn.  with  Euclass. 

BVa&O&TTB.  A  mineral  from  Brevig,  in  Norway,  closely  resembling  eudialyte,  and 
regarded  by  some  mineralogists  as  identical  therewith.  The  two  minerals  have  the 
same  form  and  nearly  the  same  colour,  lustre,  and  hardness,  and  agree  nearly  in  com- 
position ;  but  eukolyte  is  distinguished  by  the  presence  of  cerium,  and,  so  fiir  as  the 
analysis  can  be  trusted,  by  a  rather  larger  amount  of  silica ;  it  has  also  a  browner 
colour,  a  somewhat  higher  specific  gravity  =  3*0,  exhibits  more  distinct  piismatio 
cleavage,  and  is  espedally  distinguished  by  its  optical  properties,  exhibiting  negative 
double  refraction,  whereas  eudialyte  is  positive.    (Kenngott,  Handw.  ii.  [3]  947.) 

The  following  are  analyses  of  eukolyte :  a.  by  Sche  er  er  (Fogg.  Ann.  Ixi  222 ;  Ixxii 
666);  h.  by  Dam  our  (Compt  rend,  xliii.  1197). 

SiO»      ZrO*    T«0«  Ce^O  La«0  FeSO  Mn«0  Cu«0  Na«0          CI  Loti  by 

« • — — '  ignition. 

a.  47*86         1405  2*98  .  7*42  1*94  1206  12*31  .     .  0*94 « 99*66 

6.46*70     14*22  2*36  2*32  111  6*83  2*36  9*66  11*69  1*11  1-83=  99*07 

Schoerer's  analysis  leads  to  the  formula  2M«0.3SiO«  «  M«SiOr2SiO*.;  Damour's  to 
3MK).6SiO*  «  3M*SiO'.2SiO*,  the  silicon  being  replaced  to  a  considerable  extent  by 
sirconium  {Rammdsberg'a  Miner alchemie,  p.  894). 
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A  miin[»ml  oocnrring,  together  nfitH  ^uknUte,  \n  tkt 
sticon-ejenitf^  of  Brovigiii  Norway.  It  exhibits  th«  colour  nud  ItiAtri^  of  ctikotiW,  bat 
in  crystalline  form  and  density,  —  3-67,  it  reaemblcii  tiUuit^.  Before  the  blowpip  it 
exhibits  the  rewetiooB  of  silica,  ferric  oxide,  titanic  acid,  And  aoda.  It  ia  less  haiu  thin 
titanit«,  and  appears  to  occupy  an  intermediate  place  between  titanit43  and  eukolite. 
(Scheerer,  Jab^ber.  d  Cbem.  1854,  p.  853.) 

SDXTSnr.  A  name  appli<Kl  by  Berzdins  to  a  substance  easily  soluble  in  aleobol 
which  h^  obtnincdby  the  action  of  alcoholic  potash  on  that  portion  of  the  alooholie  cx- 
trat-t  of  bile  which  is  soluble  in  ether :  it  was  probably  impure  choloidic  add, 

mScTttXTB.  A  kind  of  rock  whiok  fiuma  layers  in  the  gneiss  of  Sweden.  It  is 
A  gr&nuhir  mixture  of  augitc  (probably  diallage)*  ffamet,  and  neady  6Q  per  oeot.  of  a 
mineral  allic-d  to  olivine,  being  likewise  a  basic  siUeate  in  which  the  greater  p«rt  of  the 
magnesia  ia  replaced  by  protoxide  of  iron  or  manganese;  When  the  rock  is  trailed 
with  hydrochloric  acid«  the  last-mentioned  mineral  is  deeomposadf  with  a«paratioii  of 
gelatinona  silica,  while  the  granules  of  aagite  and  garnet  &11  to  the  bottom.  (A.  £rd- 
mann,  Jahresber.  d.  Chem,  1849,  p.  199.} 

SV&Tm  and  STS&TTBi.   Two  cryataUiaablo  subetancee  of  unknown  c 
produced,  together  with  others,  hj  the  action  of  strong  nitric  acid  upon  citn 
they  are  distinguiivhed  by  their  different  degrees  of  solubility  in  water  and  m  aiet^iioi, 
fidtfU  being  tho  more,  dyj^lfiie  the  less  soluble,     (Baup,  Ann.  Oh.  Pharm.  iTxri.  1NL) 
See  CiTii4Co:«c  acid  (i.  992). 

SUXVTllV.     Silicate  of  Bismuth.     Bttmuih-hUnde.^A.  rare  mineral,  oceoTriagat 
Schneeberg  in  Saxony,  iu  hemiliedral  forms  of  the  regular  system,  the  obserred  faces 
202 


being  O,  odOao  and  ±  "■ 
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The  crystals  are  usually  small  and  often  with  rounded 


od^M.  Cleii vuge  dodociibedral,  very  imperfect  Twia-cryHtals  also  occor  baring  their 
plaaie  of  oompoaition  parallel  to  a  dodecahedral  face.  The  minend  is  sometiinea  also 
globular,  columnar,  lamelltir,  or  granular,  Hardnees  »  4*5  to  6*0,  Specific  gmTity 
»  5  "9  to  6  0,  Colour  brown,  yellow,  and  yellowish-white.  Lxtstre  resinooa  or 
adamantine.  SubtransFpareut  to  opaque.  Streak  ^^ello wish -green  or  uncolonred-  Frac- 
ture nneren.  Rather  brittle.  Before  he  blowpipe  it  melt^  eaailr  with  intumescence 
to  a  brown  bead,  with  brown  deposit  on  the  charcoal ;  with  feooa  it  yields  metallic 
bismuth,  and  with  phoaplionis-salt  a  skeleton  of  silica.  8ohil>le  in  hyarocblorio  acid, 
with  et'pamtion  of  gelatinous  silica*  According  to  an  anal^'si^  by  Kei^teu  (Po^rg. 
Ann.  xxvii.  81),  it  contains  6938  per  cent  BiW,  2*40  Fo*0",  030  3la»0\  22*23  8i(J*J 
3'3I  P*0*,  2*38  water,  together  with  a  small  quantity  of  fluorine,  whtmce  it  app 
to  be  a  silicate  of  bismuth  mixed  with  a  small  quantity  of  ferric  phosphate. 

SinOiVmrs.     A   br»3wn   vtiHoty  of   ti  tunic   anhydride,   from   Chester^d 
Maasachuaets,  agreeing  in  cr^^stalline  form  with    Brookitc,  and   probably   identic 
therefwith-    Hnidneas  =  6^0.    (C.  Shepard,  Sill.  Am.  J.  xiL  21L) 

BUOSlT&i     C'H^^O  (fipom  c£«^f^  sweet*  taBting) ;  some  times  improperly  writt* 
etmdyl.     An  acid  radicks  homologoua  with  acetyl,  the  hydrogen  compound  of  whiol^ 
r*uodic  aldehyde,  CH^OJI,  is,  according  to  Greville  Williams  (Proc  Kojc 
ISoc),  the  essential  constituent  of  oil  of  rue.     (See  Rite,  Oil  uf.) 

'SUO'imsXK,    A  bitter  reisinous  subetance  obtained  from  the  oil  of  the  spindl* 
tree,  Euf>nf/mus  turopmts.     It  is  insoluble  in  water,  soluble  in  alcohol  and  erh»'n  a«^ 
separutes  from  the  latter  in  warty  crystals ;  it  does  not  however  appear  to  hav"?  >ie«"al 
obtained  pure,     (Ricderer,  Buchn.  Repert.  xiv.  1. — ^Grundner,  ibid,  xcvii.  315) 

JBiroWYMXTB,  CTT'*0*.  (Kubel,  J.  ^r.  Chem.  Ixxxv.  372.)— A  saccharine 
mbstanoe  obtained  from  thi>  cambium  (tbe  Ti8<!id  secretion  which  cddsts  in  the  spring 
between  the  bark  and  the  wood)  of  the  branches  of  the  spindl^true.  The  **"*^««" 
of  the  thicker  branches  is  exhausted  with  strong  alcohol,  and  on  eTapofa 
tion,  euonymite  is  obtained  in  highly  lustrous  monodinic  crystals.  It  melta^  1 
It  is  ittomeric  with  mannite,  and  agreett  with  that  Nubstance  in  most  of  its  prop 
but  is  distinf^dahed  by  iu  c rj'§ tall ine  form  and  hipher  melting  point,  mannita  : 
trimc*trie  and  melting  at  166^  C  Gilmer  (Ann.  Cli.  Fharoi.  pTfTiii-  ZJ6) 
OB  identical  with  duhdte. 

BUVATORXinil.  The  i^'ater-hemp,  Etipaiarium  cannabinum^  contains,  a<Hy>rding 
to  Ri  ghoni  (Mag.  Pharm,  xxv.  98),  an  alkaloid,  called  eupatorine,  having  a  bittw, 
rather  pungent  taste,  insolublo  in  water,  soluble  in  alcohol  and  ether,  and  forming  a 
crystalhsable  sulphate. 

The  root  of  the  same  plant  contains,  according  to  Boudet,  a  rolatile  oil,  a  bitte! 
acrid  substance,  starch,  and  the  other  onlinary  constituenta  of  platita. 

BDVaO&aXA*      The  roots  of  Euphorbia    C^parimas^  K  EsiUa,  K  Latkyrit^ 
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E.  Apio*  and  E,  depanptraia  are  emerio  and  puisatitv;  so  likewise  is  the  fixed  oil 
obtained  £nom  the  seeds  of  sereral  spev-ies^  espeoiaily  of  E.  CyptirtsstoA,  E.  ZorVjrTw, 
£.  kyhema  and  a  fev  others.  The  seed-oil  of  these  plants  mar  be  used  in  the  same 
vay  as  croton-oil,  vhicfa  is  itself  the  produce  of  a  eaphorbiaceous  plant.  The  seeds  of 
E  Cyparissias  gathered  in  Aarergne,  yielded  6  per  cent,  fixed  oil :  tht^e  of  E  Ay^nw 
yieldf^  by  exhaustion  with  ether.  44  per  cent,  of  a  golden-yellow  fixed  oil.  having  a 
pleasant  and  not  acrid  odoor.  (Chevallier  and  Anbergier,  J.  Chim.  med.  riii. 
671.) 

The  milky  jnice  contained  in  the  leaves  and  stems  of  euphorbias,  is  sometimes  used 
as  a  remedy  against  the  bites  of  serpents  and  in  syphilis  ;  it  is  ah^  said  to  lemore 
warts,  esp^sally  that  of  E  Cyparusias,  E.  Esulti,  'E  kypirici/o/ia^  and  £1  TintcaiiL 
The  milky  juice  of  E  myrti/oiia  is  peculiarly  poisonous.  It  contains,  according  to 
Ricord-Madianna,  a  non- volatile  poisonous  principle,  euphorbine. 

The  herb  of  E  cotojiifciia  suspended  in  water  is  said  to  intoxicate  fish. 

£1  Cyparissias,  a  yeiy  common  weed,  contains,  acconiing  to  Riegel  ^J.  pr.  Phaim. 
ri.  165),  an  organic  base,  and  a  peculiar  acid,  euphorbie  acid,  forming  a  crrstalline 
lead-salt,  from  which  the  acid  may  be  separated  by  sulphuretted  hydnngen  in  white 
needle-shaped  crystals.  It  forms  ciystallisable  salts  with  the  alkalis,  and  its  aqueous 
solution  is  precipitated  by  baiy  ta-water,  by  acetate  of  lead,  either  neutral  or  basic,  and 
by  silver  and  mercury-salts.  Gmelin  {Handbook^  x.  207)  regards  this  acid  as  iden- 
tioal  with  malic  acid.  According  toDessaignes  (J.  Pharm.  [3]  xxv.  25),  it  is  a 
mixture  of  malic  and  citric  acids  with  a  coloured  add,  which  precipitates  gelatin  and 
copper-salts  and  blackens  iron-salts. 

According  to  Stickel  (Arch.  Pharm.  xl.  30),  E  Cyparissias  and  E.  Esufa^  also  a 
common  weed,  contain,  besides  resin,  gallic  acid,  &c.,  a  white,  volatile,  erj-stalline, 
camphor-like  body,  having  a  burning  taste  and  separating  gradually  from  the  tUcohoUo 
solution,  and  a  yellow  colouring  matter,  which  is  precipitated  by  stannous  chloride  or 
lead-salts  from  the  extract  prepared  with  water  containing  alum. 

BVFBOS8ZC  ACZB.)      ^      ^ 

Y     See  Euphorbia- 

BUFBOF 


BUFBOXBZZV.     See  Euphorbitii. 


lORSZina.  Bcsina  s.  Guinmi  Euphorbn,  A  resin,  sometimes  improperly 
called  a  gum  or  gum-resin,  consisting  of  the  concrete  juice  of  several  species  of  eu- 
phorbia, growing  in  Egypt,  Arabia,  the  Canaries,  and  other  hot  countries,  either 
exuding  naturally,  or  from  incisions  made  in  the  bark.  Much  of  the  article  found  in 
British  commerce  is  obtained  from  Euphorbia  caiiariaisiSj  while  that  which  occurs  on 
the  Continent  is  obtained  from  E,  officinarum,  E.  antiquorum^  and  other  African  species, 
particularly  from  an  undescribed  species,  called  by  the  Arabs  derymuse. 

Euphorbium  is  a  variable  mixture  of  resin  with  wax,  caoutchouc,  salts,  chiefly 
malates,  and  from  10  to  20  per  cent  of  moisture.  These  constituents  may  be  separated 
by  treating  it  sucessively  with  water,  and  with  cold  and  hot  alcohol. 

But  even  the  resin  of  euphorbium,  sepanited  from  the  wtix  and  other  matters,  is 
itself  a  mixture  of  three,  if  not  of  a  greater  number  of  resinous  Iwdies.  Berzelius  dis- 
tinguished three  resins,  o,  fi,  and  7.  On  mixing  the  alcoholic  solution  of  euphorbium- 
resin  with  alcoholic  sugar  of  lead,  a  precipitate  is  formed  from  which,  by  means  of 
hydrochloric  acid  and  alcohol,  a  dark-brown  resin,  the  a-resin,  may  be  separated :  it 
has  a  sharp  burning  taste,  and  dissolves  in  alkalis  and  in  alcohol. 

The  liquid  filtered  from  the  lead-precipitate  yields,  when  mixed  with  sulphuric 
acid,  and  then  with  water,  a  precipitate  of  the  /B-resin,  easily  soluble  in  alcohol,  but 
insoluble  in  pure  ether.  On  evaporating  the  alcoholic  solution,  this  resin  remains  as 
a  shining,  brittle,  transparent  mass,  soluble  in  veiy  dilute  alkalis,  and  in  dilute  aqueous 
acids;  hence  Buchner  and  Herberger  (Buchn.  Kcpert  vi  145)  regarded  it  as  a 
base,  which  they  called  euphorbiine. 

Johnston  (J.  pr.  Chem.  xxvi.  145),  and  H.  Kose  (Pogg.  Ann.  xxxiii.  33;  liii. 
365),  have  obtained  from  euphorbium  several  easily  soluble  rt^sins. — By  exhausting  the 
euphorbium  with  cold  alcohol,  a  pale  yellow  solution  is  obtained,  which,  when  evapo- 
rated, leaves  a  brown-red,  brittle,  and  friable  resin,  C'H^O',  insoluble  in  caustic 
alkalis,  dissolving  with  red  colour  in  strong  sulphuric  acid,  and  separated  unchangt^d 
by  water. 

When  euphorbium,  after  exhaustion  with  cold  alcohol,  is  well  boiled  with  alcohol, 
the  liquid  deposits,  on  coolinp,  the  7-r(»8in  of  Berzelius  in  indistinct  crystals,  the  com- 
position of  which  appears  to  bo  C*"ll"0^  It  is  a  perfectly  indifferent  body;  its 
alcoholic  solution  is  not  precipitated  by  ammonia,  noutral  acetate  of  lead,  nitrate  of 
silver,  or  by  jilcoholic  potash ;  but  aqueous  potash  precipitates  it  By  dry  distillation 
it  yields  a  viscid  distillate  having  an  alkaline  reaction. 


f5()S 


EUPHOTIDE-EURITE. 


Eapborbinm,  when  swallowed  in  flmftll  doiea,  prodacc«  Tomiting  and  purging;  m 
lorgf-r  do»e«  it  is  poisoQOUs.  Wh«ii  applied  ext^mtlljr  it  prodQi.*e«  imtxtiaii^  and  ii 
thei^fore  employed  as  an  ingredient  of  reflicating  nnguents  and  plasters  ;  but  it*  jh* 
is  now  alniost  whoUf  confined  to  ▼etarinary  practice.    (Handw.  d.  Uhem.  iL  [3]  ^54.) 

Sitpbotxd'b*    Syn.  with  Qabsbo. 

BTTFWPftftT^-  The  gte^n  parts  of  Euphrasia  offidnalU  (eje-bri^ht),  eootaiB, 
according  to  Enz  (Vierteljahreaclirift  pr.  Pharm.  viii  175).  tartaric,  dtae,  aeetac;  and 
Uctio  aeida,  red  and  jellow  oolotmng  matter^  fixed  and  Tolatile  oil,  and  a  taanic  add 
mipposed  to  be  peeoEar  to  the  pLant^  and  called  eaphrasia- tannic  acid;  its  leal- 
aaU  ia  said  to  contain  SPftO.f^JBPQ*', 

100  pta.  of  the  fr^ah  plants  at  the  flowenng  time^  contained  G2'0  pta.  vater ;  from  tlie 
feaidne,  ether  dissolred  4*4  pts. ;  alcohol  then  12  pte.,  water  6*4  pta.,  azul  lijdpochkric 
acid  4  4  pU,»  leaving  10^8  pta.  of  insoluble  rNtidnei. 

BUVHT&&ZTB.  A  snb-«pecies  of  mica  allied  to  Maigarodite,  ocearring^  to^th«f 
with  corundum  and  blade  toarmalin,  at  UnionTUle,  Delaware  Cotmhr,  PennsylTanLfc. 
It  iii  greyish  or  »ea*green,  with  laint  mother-of-pearl  lustre  on  the  outside,  but  on  th« 
cleavage-fiices,  which  are  very  perfect^  it  is  whit**  with  veiy  strong  nacr^eona  lustra 
The  huninte  are  very  brittle  »ifld  perfectly  transparent  Haidnes^  3.  Specie  Riwrity 
2-963.  Before  the  blowpipe  it  exfoliates,  shines  more  brightly  than  emesryHte  pr 
conindelite  nnd  melts  on  the  edgee, — The  com^ition  of  thia  mineral  ia  rario^jr 
stated  by  different  analysts.  According  to  Smith  and  Eruah  (SilL  Am.  J*  [2]  sL 
209),  it  contains  (mean  of  four  analyses) : 

S!0«  AhO»         Fe<0»         Ca«0         M|{«0         K?0  NaKI  H»0 

4028         4208         142         l'2o         070         3*60         4-71         6  65  =  9»-69; 

whence  the  formuk  2M»O.SiO«  +  2(3M*0\4SiO')  +  i  aq.,  which,  by  redudng  the 
seijqiijoxides  to  protoxideSp  may  be  converted  into  that  of  a  combination  of  an  oirtho- 
flilicate  and  a  hydrate,  viz,  9R^SiO*.4EHO  -f  2  aq. 

EtTFIOirs.  A  hydrocarbon^  discovered  by  Reichenbach  (Ann.  Gh,  Pbarm. 
xiii,  217)t  and  consist  Log  esacntiidly,  according  to  Fninkland,  of  hydride  of  amjl,  C*H'** 
It  is  produced  by  the  dry  distillation  of  many  organic  bodies,  via.  of  wood,  coal,  fixed 
oils,  caoutcbouc,  resin,  bones,  fi:c. ;  it  is,  therefore,  a  eonstitucDt  of  wood-tar,  and«  in 
greater  abundance,  of  coai-tar»  Imt  is  found  moat  abuudantiy  in  rectified  bone-oil 
(L  626),  and  in  the  oil  obtained  by  the  dry  distillation  of  rape-seed  and  bemp-aeed. 
According  to  He§ae  (Ann.  Ch.  Pharm,  xxiii.  247),  it  does  not  exiflt  in  this  cmd^ 
CTDpyreamatXc  oils  obtained  ^m  these  several  sources,  but  is  produced  in  th«  ptoeesa 
of  purifying  them  by  the  action  of  sulphuric  acid.  To  prepare  it  ham  THUHML 
boDe<oil,  the  oO  is  mixed  with  j^  of  its  weight  of  oil  of  vitriol ;  the  lighter  and  deaifr 
liquid,  which  rlBea  to  the  surface,  is  taken  off  and  distilled  with  an  eaaal  wel|^t 
of  sulphuric  acid  and  a  small  qufmtlty  of  nitre ;  the  distillate  is  agun  distillsd  with 
sttlphuric  acid,  then  washed  with  aqueous  [x)tJish  and  with  water,  rectified,  dried  nadef 
the  air-purnp,  and  treated  with  potassium  as  long  as  the  metal  shows  signs  of  ozidatioo. 

Enpione  is  a  colotirloss,  extremely  mobile  liquid*  having  a  very  low  refirac^ng  power. 
It  is  tasteless,  and  has  an  agreeable  odonr,  like  that  of  flowers.  It  does  not  conduct 
clectrjcity.  Specific  gravity  =  0-66  at  20°  C,  It  remains  liquid  at  20^CL,  cxpindi 
vary  much  when  heatedt  100  vol  at  20°  C.  expanding  to  nearly  104'6  voL  at  47®  (X  It 
is  very  volatilo,  evaporating  perceptibly  at  common  temperatures.  When  drcmped 
on  pap'pr,  it  makes  a  grease-stjiin,  which  quickly  disappeara  ;  it  evaporates  instaitlfy  on 
the  skin,  boik  at  47**  C,  and  diatila  unaltered.  It  is  inflammable,  and  bums  with  a 
smokeless  flame. 

Eupiono  is  insoluble  in  water,  sparinglj  soluble  in  aqueons  sdcohol,  but  mixes  easily 
with  abiolut^i  alcohol,  ©tber,  and  oils  both  fixed  and  volatile.  It  dissolves  sulphur  and 
phosphorus  only  with  aid  of  heat;  many  fats»  camphor^  and  similar  substances  with 
facility,  caoutchouc  also  when  heated,  the  sj'.^lutiori  leai'ing  a  dry  varnish  when  eripo- 
ratod.  Resins  it  dissolves  for  the  most  part  with  difficulty  and  incompletely;  isni 
most  alkaloids  are  quit*'  insoluble  in  it,  even  at  the  boiling  heat. 

Eupioue  is  a  very  stable  substance ;  it  is  not  altered  by  %ht ;  sulphuric  acid,  nitzie 
acid,  alkalis,  potassium,  ami  sodium  have  no  action  upon  it,,  and  even  permanganate 
of  potassium  is  said  not  to  be  reduced  by  it.  With  chlorine,  bromine,  and  iodine,  it 
unites  without  undergoing  decomposition. 

BOVTSCSROTTE.  A  native  phosphate  of  calcium  (phosphorite)  ocmmng  in 
large  quantity  at  Crown  Point,  New  York,  and  used  abundantly  as  mamiiev    (Sea 

Phosfhoiijik.) 


A  variety  of  syenite  occurring  near  Christiania ;  it  is  of  a  blue  coIo 
and  stratified.     Two  spocimens  gave : 


EUSYNCHITE— EUXANTHIC  ACID.  609 

Si02         AH03         Fc20        Ca«0      Mg^O        K^O 
53-85       15-43       9-30       6-73       1-14       340 
58-50       18-14       7-07       289       1-51       2-36 
(Kjerul^  Jahresber.  d.  Chem.  1854,  p.  882.) 


Na«0 

H«0 

FeS« 

4-36 

2-32 

0-785 

=  97-315 

6-63 

3-45 

trace 

«  99-45 

Vanadate  of  lead,  found  in  abandoned  workings,  at  Hofsgrund 
neap  Freiburg,  in  the  Breisgau.  It  is  micro-crystalline,  and  forms  spherical  or 
botryoidal  aggregates  and  crusts  of  yellowish-red  or  leather-yellow  colour,  with  some- 
what lighter  streak;  scarcely  translucent  on  the  edges;  distinctly  radio-fibrous. 
Hardness  =»  3*5.  Specific  gravity  =  4-945.  Melts  to  a  lead-grey  bead  before  the 
blow-pipe ;  yields  lead  on  charcoal,  and  with  phosphorus-sal^  a  yellow  bead  in  the 
oxidising,  green  in  the  reducing  flame;  gives  by  analysis  5570  Pb*0  ;  20*49  VO*  ; 
22-69  V0»:  0-94  SiO«  (total  99-82).  (Fischer  andNessler,  Jahresber.  d.  Chem. 
1855,  p.  964.) 
SUTOMXTB.    See  Telluric  Bismuth. 


ZUZAVTBZC  ACXB.  C"H'"0".  Purreic  acid,  (S  ten  house,  Ann.  Ch.  Phann. 
H.  423. — ^Erdmann,  J.  pr.  Chem.  zxxiii  190 ;  zzxviL  385.) — This  acid,  in  combination 
with  magnesia,  constitutes  the  essential  part  of  purree  or  Indian  yellow,  a  sub- 
stance imported  into  Europe  from  India  and  China,  and  consisting,  according  to  most 
authorities,  of  the  dried  sediment  of  elephants'  or  buffaloes'  urine ;  but,  according  to 
Stenhouse,  of  a  vegetable  extract,  obtained  by  evaporating  down  the  juice  of  certain 
plants  mixed  with  magnesia.    (See  Puubbb.) 

To  prepare  euxanthic  acid,  the  purree  is  exhausted  with  boiling  water,  and  the 
residue  is  dissolved  in  boiling  dilute  hydrochloric  acid.  The  solution  on  cooling  de- 
posits euxanthic  acid  in  yeltowish  needles  grouped  in  stars.  It  is  sparingly  soluble 
in  cold  water,  but  dissolves  easily  in  alcohol  and  ether.  When  crystallised  from 
alcohol  it  retains  1  at  water  (C*'H^'0*'.HH)),  and  when  precipitated  by  hydrochloric 
acid  from  its  ammoniacal  solution,  3  at  water  (C*'H"0".3H*0).  This  water  of 
crystallisation  (4  or  11  per  cent)  is  given  off  at  130°  C.  The  acid  has  a  sweet  taste, 
with  bitter  after-taste.     It  is  coloured  deep  yellow  by  alkalis. 

Euxanthic  acid  cautiously  heated  in  a  tube  yields  a  yellow  sublimate  of  euxan- 
thone;  C«'H>«0"  =>  C^H'W  +  C0«  +  3H«0.  The  same  substance  is  produced  by 
the  action  of  strong  sulphuric  acid^  together  with  hamathionic  acid,  C"H'*SO'*. 

With  chlorine^  bromine,  and  cold  nitric  acid,  euxanthic  acid  forms  substitution-pro- 
ducts (p.  610).  Hot  nitric  acid  converts  it  into  coccinonic  acid,  together  with 
oxalic  acid,  and  ultimately  into  oxypicric  or  styphnic  acid. 

JBuzaiitbates*  Euxanthic  acid  is  monobasic,  the  general  formula  of  its  salts 
being  C*'H"MO".  The  euxanthates  of  the  alkali-metals  are  soluble  in  water.  The 
barium-  and  calcium-salts  dissolve  sparingly  in  cold,  easily  in  boiling  water ;  the 
neutral  magnesium-salt  is  also  soluble,  but  the  basic  salt  contained  in  Indian  yellow 
is  insoluble.     The  other  salts  are  sparingly  soluble  or  insoluble  in  water. 

Euxanthate  of  ammonium,  C"H"(NH*)0",  crystallises  in  light  yellow,  highly  lus- 
trous needles.  The  potassiuM-salt  crystallises  from  a  warm  solution  of  euxanthic 
acid  in  acid  carbonate  of  potassium,  in  b'ght  yellow  crystalline  scales.  The  neutral 
lead-salt,  C'H'TbO**,  is  precipitated  from  the  aqueous  solution  of  the  ammonium- 
salt  by  neutral  acetate  of  lead  in  yellow  flocks.  The  basic  lead-salt,  Pb»0.2C"H"PbO'  > 
+  aq.,  is  thrown  down  from  a  boiling  alcoholic  solution  of  euxanthic  add  by  an 
alcoholic  solution  of  basic  acetate  of  lead,  as  a  yellow  precipitate. 

Euxanthate  of  Magnesium.— On.  adding  euxanthate  of  ammonium  and  a  little  free 
ammonia  to  a  solution  of  chloride  of  magnesium  containing  sal-ammoniac,  a  yellow 
amorphous  precipitate  is  formed,  which  dwsolves  in  boiling  water,  but  soon  separates 
as  an  orange-coloured  jelly,  which  changes  on  standing  into  a  shining  yellow  crystal- 
line powder,  no  longer  soluble  in  water,  and  consisting  of  a  basic  salt,  probably 
Mg'0.2C"H"M0"  +  8  aq.  This  salt  forms  the  chief  constituent  of  Indian  yellow ;  in  the 
pure  state,  however,  it  has  a  much  finer  colour  than  the  pigment  so  called,  which  con- 
tains a  larger  and  variable  quantity  of  magnesia.  Erdmann,  indeed,  found  46  per 
cent,  magnesia  in  Indian  yellow,  whereas  the  pure  salt  obtained  as  above  contains  only 
9-5  per  cent 

Euxanthate  of  silver  is  a  gelatinous  yellowish  precipitate,  somewhat  soluble  in  water, 
and  turning  brown  when  exposed  to  li^ht. 

A  solution  of  euxanthate  of  ammonium  forms  with  ferric  salts,  a  blackish-green 
precipitate;  with  ferrous  salts,  dark  green  (Stenhouse);  white  becoming  dark- 
coloured  by  contact  with  the  air  (Erdmann) ;  with  cupric  salts,  a  stiff  yellow  jeUy, 
somewhat  soluble  in  pure  water;  with  manganous,  nickel,  and  einc  salts,  lemon- 
yellow  precipitates;  with  mercuric  chloride^  after  some  time,  a  slight  yellowish 
precipitate. 
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EUXANTHONE. 


Dfrivativtn  of  Knxanihic  acid. 

Bromtuxanthic  acid,  C*'H'*Br*0".  is  obtained  by  tho  action  of  bronune  on 
«nz&nthie  acid  in  pre8«nce  of  water^  It  ia  soluble  in  boilisg  alcy>ho!^  whic^  oa  eooEQ^ 
dppodts  it  in  golden-yellow  microscopic  needles.  The  motfaer-iiqtior,  when  ev^Kintal, 
yields  an  additional  qnantity  of  the  acid  in  the  amorpbous  stat^,  the  amorpliotta  modx- 
flcutioQ  being  much  more  ftoJuble  in  alcohol  than  thp  cryatalline  acid. 

Tho  saltfi  of  broraenxanthic  acid  are  gclatiuooa ;  the  potaMiam-  and  ammoniiun- 
salta  howeyer  exhibit,  after  a  wliik%  a  tendency  to  crystallise  in  neodle«. 

Chlortusanihic  acid^  C^^H"C1-0'V  i^  obtained  by  puasing  ehlorine  into  ^^nX^  ta 
which  enxanthic  add  is  euroended*  It  crystaUi»«i  in  shining  goldeu-yc^Uow  acales,  in- 
lioluble  in  water^  easilj  souible  in  boiliDg  alcohol^  sparingly  in  cdd  idcohoL  Its  Mlta 
are  mostly  gelutinona. 

Nftr&tKx  tint  hie  a  <?  i  (f ,  C*'  H'  •(  NO')H)  ^^ . — Obtained  by  inrnjerfiang  enxanthie  »dd 
in  cold  nitric  aeid  of  specific  jarrttvity  13L  It  disttDlrea  sparingly  in  water  and  in  ci>ld 
alcfjhol^  eiisily  in  Iboiling  alcohol,  wnenco  it  cryst*illi»«i  in  rtrairHXilouped  lamJnfc.  Xta 
salts  ar**  mostly  gelatinotis,  and  deflagrat^i  when  heated. 

Coecinonic  acid,  Ifttrococdntc  acid  of  BenmUii^. — This  acid  was  discoTered  Ij 
Erdmann,  who  assigned  to  it  the  formula  (?'IP{NO*)0* ;  according  to  Laturnt,  it  i» 
perhaps  nitroquinonic  acid,  C^^£P(I*^0^)O*,  or  C*H*(NO*)0*.  It  is  produced,  together 
with  oxalic  aciil,  when  euxanthic  acid  is  heat^  with  nitric  acid  of  specific  grarity  1'31» 
and  sepamt-es  as  tho  liquid  cools.  If  tho  heat  iu  not  strong  enought  nittt>4*uxantluc 
add  is  formed  at  the  same  time ;  in  that  Ctts«^  the  filtrate  when  hf>at«d  will  yield  an 
additional  qiiuntity  of  coecinonic  acid. 

This  iicid  forma  yellow  aTStaHine  grains,  which  become  strongly  dectrtc  bj  friction. 
It  is  especially  distingmshed  by  its  pPop<?rty  of  formings  with  buses,  scarlet  salts  which 
bam  with  alight  detonation.  The  ttmmnnium-salt  is  s^jluble  in  water  and  in  excess  of 
(^irbonate  of  artmiouiiu  The  putas^iajti'^salt  is  sparingly  soluble  in  water  and  in  excctss 
of  rarbomite  of  |^K)l«iisiuiil. 

My  the  continued  action  of  nitric  add,  coecinomc  add  is  con?«rt«l  into  Gag;^pjcric 
acid. 

Hamathionic  acid.~^A  prodnct  of  the  action  of  sulphuric  amd  on  eazasthie  acid. 
Its  composition  is  not  qaite  determined.  Erdmann,  who  diaoovered  it>  assigiK^  to  it 
the  formula  C'fl'O**.?  or  0*IPO^KSO\  A  solution  of  euxanthic  add  in  cold  sul- 
phuric acidyielda,  on  addition  of  water,  a  precipitate  of  euxanthone,  and  if  the  filtrate 
be  saturat<*d  with  carbonate  of  barium  or  oxide  of  lead,  filtered  from  insoluble  salt, 
and  the  pain  yellow  liquid  carefullj  fivaponited  out  of  contact  with  the  air,  a  sfrongly 
acid  solution  of  free  hamathionic  acid  is  obtained^  which  dries  up  to  a  syrup  by  eTupom- 
tion  at  a  low  temperature,  but  is  decomposed  by  boilings  with  elimination  of  salponric 
aci<l. 

The  hamathionates  of  tho  alkali -metuJa  of  barium  and  of  lead  dry  up  to  yellowish 
gummy  raaescs.  The  solutions  decompoisu  in  contact  with  Ih©  air,  with  sepontioQ  of 
a  brown  pomlcr  and  libci^tion  of  sulphuric  aeii  Tho  solution  of  the  itcwlirw  laad-^all 
yields,  on  addition  of  basic  acetate  of  lead,  a  yeDow  predpitat«  ehiefiy^  cooflifltipg  ol" 
triplumbic  hamathionate. 

StnuUTTSOirs.  e*H'*0*  Pmrenone  (StanbouBeX  JVMT01i«(B©^Eeli1l»>— 
A  neutral  product  of  the  dwom position  of  euxanthic  acid,  first  obtained  bySfcenhon*© 
(Ann.  Ch.  Pharm.  li.  425),  and  soon  afterwards  by  Erdmann  {ihid.  Hi,  3fi5 ;  Ix.  2891 
It  is  produced  by  beating  the  acidt  or  its  barium-  or  lead-salt  per  »e;  or  by  treating 
the  dry  add  with  Bb:ong  sulphuric  add ;  or  its  alcoholic  aoJtatloD  with  hydrochlorie 
acid  gas*    Tho  transformation  may  be  repreaented  as  follows : 

In  propiiring  euxanthone  by  tho  action  of  heat  on  euianlhic  add,  or  its  baHu 
or  h'!id-«tilt,  it  is  best  not  to  raise  the  terepi^raturo  to  the  subliming  point  of  eux 
tbone,  but  to  kt^cp  it  between  160*  and  18l>°  C.     The  euxanthono  then  i^m&ins  in  i 
reaidue,    and    may  he  freed  from  undocompofecd  euxiinthio  acid  by  digQ«tion  with 
ammonia,  aud  then  rccrystallisod  from  alcohol 

Eiixantlione  forms  pate  yellow  shining  needles  or  laminae,  slightly  soluble  in  wiil»^ 
and  in  cold  aloohoL  When  carefully  heated  it  sublimes  for  tlje  most  part  without  de- 
composition-  It  ih  perfectly  neutral,  dissolves  in  strong  aqueous  amroouia^  and  < 
in  potHsli,  but  not  in  dilute  acids.  The  alcoholic  solution  is  precipitated  by  baaic  tu 
of  lead,  but  not  by  the  neutral  acetate,  or  by  baryta  or  lime.  Nitric  acid  decomp 
it»  producing  fluBtporphyric  acid,  C*'H\NO')'0*  [?),  then  oxyporphyHc  aeid 
C"H*(NO«)*0',  and  lastly  oxy  pi  eric  or  styphnic  acid,  O'H»(N0*)'O». 

Chlorinatod  and  brominated  derivatives  of  eaxanthone  ore  produced,  not  by  tha 
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directaction  of  chlorine  and  bromine  on  cuxanthone,  but  by  dissolving  chlorcuxantliic  and 
bromeuxantbic  acid  in  strong  sulphuric  acid,  and  precipitating  by  water.  The  mother- 
liquor  retains  an  acid  containing  chlorine  or  bromine,  and  sulphuric  acid,  and  forming 
a  soluble  barium-salt  [  ?  chlor-  or  brom-hamathionic  acid],  but  no  hydrochloric  acid. 

Chloreusanthone  separates  from  its  alcoholic  solution  in  yellow  feathery  crystals 
containing  C*H*C1H)*.  The  formation  of  this  trichlorinated  compound  from  dichlor- 
enzanthic  acid  seems  to  show  that  the  composition  of  cuxanthone  is  not  adequately 
expressed  by  the  formula  C*"il'^0*,  and  that  its  formation  from  euxanthic  acid  is  not 
quite  so  simple  as  it  is  represented  by  the  equation  above  given  (p,  610). 

Bromeuxanihone  is  precipitated  by  water  as  a  pulverulent  substance ;  it  is  probably 
analogous  in  composition  to  chloreuxanthone,  but  it  has  not  been  analysed. 

SnXJBfllTJL  A  mineral  consisting  mainly  of  niobate  and  titanate  of  yttrium, 
found  at  Slromoe,  near  Arendal,  and  other  .localities  in  Norway.  According  to 
Breithaupt,  it  forms  crystals  belonging  to  the  trimetric  system ;  but  it  is  usually  mas- 
sive without  trace  of  cleavage,  and  with  imperfectly  conchoidal  fracture.  Opaque  in 
the  mass,  translucent  in  thin  splinters.  Lustre  metallic  and  waxy.  Colour  brownish- 
black.  Streak  brown.  Hardness  «  6*6.  Specific  gravity  =  4-6  to  6*0.  It  is  not 
attacked  by  acids,  is  infusible  before  the  blowpipe,  gives  off  water  when  heated, 
becomes  yellowish-brown  on  ignition,  and  forms,  with  borax  and  phosphorus-salt, 
yellow  glasses,  the  latter  becoming  light  green  or  colourless  on  cooling. 

Analyses. — fl.  Brownish-black,  from  Jolster  fScherer,  Pogg.  Ann.  1.  149),  approx- 
imate analysis;  b.  Brownish-black  from  Tveaestrand  (Sherer,  ibid.)\  c.  Black, 
from  Tremoe  (Strecker,  J.  pr.  Chem.  Ixiv.  384).  d.  Forbes  and  Dahl  {ibid.  Ixvi. 
444;  lxix.353): 

NbO«       TI02    A1<0»     U«0     Fe«0       Y^O      Cc«0      La«0   Ca«0  Mg^O     H«0 

a.  49-66       7-94     .     .     6*34     .     .     2509    ^IS     096    2*47    029     3  97  =  9890 

b.  63-64  .     .     7-68     2*60     28*97     291 404  =  9974 

c.  37-16  16-26  .  .  8-46  303  2646  .  .  6'26  .  .  268  =  9929 
rf.  38-68  14-36  3-12  622  1*98  29  35  331  .  .  1-38  019  288=100-37 
SUZBO&ZTB.     Syn.  with  Stilbitb. 

BVAPOBATZOV.    See  Heat. 


The  lichen  known  as  Ewrnia  or  Parrnflia  prunastri,  contains,  ac- 
cording toRochleder  and  Heldt  (Ann.  Ch.  Pharm.  xlviii.  2),  besides  fat,  cellulose, 
&C.,  a  chromogen  or  colour-producing  substance,  identical  with  Schunck's  lecanoric 
acid ;  according  to  Stenhouse,  it  contains  evemic  add  together  with  usnic  acid ;  accord- 
ing to  Hesse,  it  also  contains  oxalic  acid. 

aVBRVZC  ACZB.  C»'H'«0'.  (Stenhouse  [1848],  Ann.  Ch.  Pharm.  Ixviii 
83.) — An  acid  homologous  with  lecanoric  acid,  obtained  from  Evemia  prunastri.  To 
prepare  it,  the  lichen  is  exhausted  with  milk  of  lime,  the  yellowish  filtrate  is  neutralised 
¥rith  hydrochloric  acid,  and  the  resulting  light  yellow  flocculent  precipitate  is  washed 
with  water,  carefully  dried,  and  then  digested  at  a  gentle  heat  in  weak  spirit,  till 
about  I  of  it  is  dissolved  ^the  remainder  consisting  of  usnic  acid).  The  filtrate  on 
cooling  deposits  evemic  acid  in  yellow  crystals,  which  may  be  purified  by  recrystallisa- 
tion  from  weak  spirit,  with  addition  of  animal  charcoaL 

Evemic  acid  forms  aggregates  of  small  colourless  crystals,  destitute  of  taste  and 
odour.  It  is  insoluble  in  a)l(3^  and  sparingly  soluble  in  boiling  water ;  easily  soluble  in 
alcohol  and  ether.  It  melts  at  164°  C,  and  decomposes  at  higher  temperatures,  yield- 
ing orcin  and  an  empyreumatic  oil.  Solution  of  hypochlorite  of  calcium  colours  it 
yellowish.  The  ammoniacal  solution  absorbs  oxygen  from  the  air  and  acquires  a  dark 
red  colour. 

By  the  action  of  potash  or  baryta-water,  evemic  acid  is  resolved  into  orsellinic  and 
eveminic  acids,  the  former  of  which  is  soon  further  decomposed  into  orcin  and  car- 
lK)nic  anhydride.  Evemic  acid  quickly  absorbs  bromine.  When  boiled  with  alcohol 
it  yields  everninat«  and  orseUinate  of  ethyl,  the  latter  of  which  quickly  undergoes 
further  decomposition. 

Evemic  acid  is  monobasic  The  barium-salt,  2C"H"BaO'  +  aq.,  forms  small  white 
prismatic  cnrstals,  sparingly  soluble  in  cold  water,  easily  in  weak  spirit.  The 
potassium-scut,  C"H'*KO',  is  colourless,  with  silky  lustre,  sparingly  soluble  in  cold 
water  and  in  aqueous  carbonate  of  potassium,  easily  in  weak  spirit  and  in  caustic 
potaah. 

BVSBVZVZC  ACZB,  or  Evemesic  acid.  C*H'*0*.  (Stenhouse,  loc.  cit.)— 
A  product  of  the  decomposition  of  evemic  acid  under  the  infiuence  of  caustic  alkalis : 

C"H'«0''    +    HH)     -     C»H»*0*    +    C»H«0*. 
Rveraic  add.  Everninic  acid.    OneUink  acid. 
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The  oraellimc  acid  qnicklj  imdergop-s  furtber  dccompoaitioit  into  carbonic  anhjdrido 
and  oreiti,  whidi  r«?ni;iiiiB  in  the  muthcr-liquor. 

The  b«8t  ini>de  of  preparing  oveminic  acid  ia  to  boil  t?vernic  acid  with  boiTta-waUT. 
Carbonate  of  barium  in  then  deposited,  and  the  filtrate  treated  with  hydjodiloric  or 
acetic  acid,  yi«4dH  a  pnedpitate  of  ©veminic  acid,  which  may  be  purifit^  by  boiUog 
with  water  and  animal  charcoal  (Stcnhonse).  ET^emixuc  acid  maj  alao  be  prepared 
diret'tlj  from  Et^mia  prunaatri  eoatuiilng  a  huge  quantity  of  eyemic  acid,  by  boiling 
the  liahen  with  water,  evaporating  down  the  aqiiieoiu  Bolution^  and  mixing  it  wit£ 
hydrochloric  acid ;  it  then  alW  a  while  depouts  impure  ereminic  acid,  which  may  be 
purifiod  as  aboTe.     (Hease.) 

EvfToinic  add  forms  crystalline  laminOB  reBemblin^  benzoic  acid,  coloujlesfli  tastclem, 
and  inodorous ;  sparingly  soluble  io  cold,  moderatdy  ia  boiling  water,  very  «uily  in 
aleohol  and  ether.  The  solutions  redcjeu  litmua.  The  acid  melts  at  147*^  C,  and  ia 
decomposed  at  a  stronger  heat,  emitting  an  agiyeable  odoor  (sufibcating,  acoording  la 
Hesse )j  and  yielding  a  while  crjstaDin^  sublimate. 

Everninic  acid  dii^ulve,^  easily  in  cohl  sulphuric  aM ;  on  healing  the  liquid,  c&rbooi- 
aation  takc'S  place,  with  evolution  of  sulphurouB  anhydride. 

Dilute  nitrw  a*iifl  Hcarcoly  aula  on  ©veminic  acid ;  the  concentrated  acid  deoompoaea 
it  slowly  in  the  cold,  more  qiiicidy  with  aid  of  heat,  forming  everaitic  acid,  together 
with  oxalic  acid  and  other  subatances  not  distinctly  made  out.     (Hease.) 

Everoioic  acid  is  coloured  Yellowish  by  hypochlorite  of  calcium,  like  evemic  add  ; 
bnt  is  dieting:uished  fo>m  the  Ltt«r  by  Dot  yielding  orcin  when  boOed  with  potash,  and 
by  its  ammoniacal  solution  not  turning  red  on  exposure  to  the  air. 

Eveminic  acid  ia  monobasic  ;  a  few  only  of  its  Baits  have  been  prepared.  Eveminaie  of 
barium^  CH'BaO  +  aq.,  is  obt^iined  by  decomposing  evemic  acid  with  baryta-water 
as  above  described ;  the  liquid  Mtered  front  carbonate  of  barinm  ia  evaporated,  freed 
from  orcin  and  colouring  matter  by  washing  with  aleohol  or  ether,  and  the  reaidue  ia 
crystallised  &om  weak  spirit.  The  salt  forma  long,  hard,  four-aided  priams ;  it  ia 
nearly  insoluble  in  absolute  alcohol,  but  dissolves  in  weak  spiritv 

The  eiivcr-sctit,  C*H*AgO',  is  obtained  as  a  white  precipitate  on  adding  nifamte  of 
silver  to  an  ammoniacal  solution  of  tho  acid 

Evtrninate  of  tthtf  lot  Emminic ether,  C"H'*0^  =  C?*H*( C^«)0«,  does  not  appear 
to  be  produced  by  the  action  of  hydrochloric  acid  gai  on  an  alcoholic  solution  of  ever- 
ninic  acid,  but  is  obtained  &om  evernic  acid  (p.  611)^  by  boiling  that  add  for  8  or  10 
hours  with  strong  alcohol,  eviiponitin|>  nearly  to  dryness,  washing  with  cold  wuttr  to 
Beparate  orcin  (p.  €11),  and  recrystalli^ing  from  alcohol  with  aid  of  animal  charcoal* 
Or  better :  eyemic  acid  ia  dissolved  in  alcohol,  with  addition  of  cjioatic  potash,  and  the 
liquid  is  boiled,  neutralised  with  carbonic  add  gas,  and  evaporated.  The  dark  brown 
liquid,  which  «till  contains  orcin^  deposits  brown  ciyatals  of  evominie  ether,  which  ttr« 
puriiied  with  alcohol  and  adhnal  chELTcoal. 

Eveminic  ether  forms  long  colourless  ciyatal^,  destitute  of  taste  uid  odour,  insoluble 
in  cold,  a^^d  nearly  insoluble  in  boiling  water,  easily  soluble  in  alcohol  and  ether.  Jt 
melts  at  56*^  C,  and  crystallises  on  cooling.  It  disaolves  in  caustic  potaah  without 
decomf  »ositioQ ;  not  in  ammonia,  or  in  carbonate  of  potassium, 

EV£UrrrZC  ACZII.  C^H^NO*)^*.  or  C'H*(NO')»0;  (?),  (O.  Hesse  [1S611, 
Ann.  Ch,  Pharta*  cxviL  SOO.) — An  acid  resembling  oxypicrio  acid,  produced  by  the 
action  of  nitric  acid  on  eveminic  acid.  Thia  add,  digested  at  a  gentle  heat  with  ten 
times  its  weight  of  strong  nitric  acid,  dissolves  with  evolution  of  nitrous  add ;  and  on 
satuititing  the  brownish  yellow  solution  with  carbonate  of  sodium,  evaporating  to  diyness, 
exhausting  with  alcohol^  evaporating  to  expel  the  alcohol,  filtering  to  separate  an  amor- 
phous deposit,  and  mJT^Tig  the  filtrate  with  nitric  add,  needles  of  evemitic  add  are  depo- 
sited aftt^r  a  few  hours,  while  oxalic  acid  and  other  foreign  substances  remain  in  solution. 

Everaitic  acid  forms  long  pale  yellow  prisms,  or  a  white  crystalline  powder.  It 
di«aolvcji  sparingly  in  cold,  more  readily  in  boiling  water,  forming  a  yellow  solution, 
which  has  an  aatringent  taste,  but  no  add  reaction.  It  dissolves  eadly  in  alcohoit 
forming  an  add  solution ;  it  dissolves  also  in  ether.  When  heated  it  melt«  and  car- 
bonises, and  if  quickly  heati<l,  docomposea  with  slight  explosion.  It  colours  the  akin 
yellow.     Disaolvea  in  nitrk  acid. 

Evemitic  »rid  is  dibasic ;  the  alkali-meta!  salts,  which  are  easily  soluble,  may  be 
obtained  by  direct  union  of  the  acid  with  the  buses.  The  ^Wtini^a/I  sepomtea,  on 
adding  chlorido  of  barium  to  a  solution  of  the  aodium-sult  mixed  with  acetic  acid,  in 
brownish  yellow  needles,  which  detonate  strongly  when  heated.  A  lead-salt  eoutain- 
ing  30  per  cent  lead  is  obtained  in  like  manner  by  precipitation  &om  an  add  solution, 
in  ycUow  detonating  ncetUes, 

Ewmitrate  (yf  potusJtium,  O'H*K»(N0=)*0*  +  faq.,  or  C'*H^K't7fO«)*0*  +  Jaq.,  b 
separated  finom  the  solution  of  the  ucid  in  potash-ley  by  carbonic  add,  in  orange-yellow 
needles  which  dissolve  with  yellow  colour  in  water  and  alcohol :  the  a^uootis  solution 
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is  neutral.  The  ciystals  dried  over  oil  of  vitriol  give  off  6" 7  per  cent  water,  and  the 
dried  salt  gives  by  analysis  28*8  per  cent  carbon,  2*8  hydrogen,  and  21-7  potassium ; 
numbers  agreeing  nearly  with  either  of  the  preceding  formulae,  the  first  of  which 
requires  28-79  C,  2-66  B,  and  20-88  K ;  the  second  2900  C  212  H,  and  21-06  K. 

Native  sulphate  of  sodium.     (See  Sulphates.) 

The  matters  discharged  from  the  intestinal  canal  consist 
partly  of  undigested  residues  of  food,  partly  of  certain  intestinal  secretions,  which, 
after  having  served  their  purpose  in  effecting  the  digestion  of  the  food,  are  no  longer 
fit  to  return  into  the  blood.  The  excrements  have  mostly  an  acid,  sometimes,  how- 
ever, a  neutral  or  alkaline  reaction. 

From  the  observations  of  Wehsarg  (MikroscopUche  und chemische  Uniersuchungen 
dtr  Faces  gesunder  erwachsener  Menschcn,  Giessen,  1853),  it  appears  that  a  full-grown 
healthy  man  discharges  on  the  average,  in  twenty-four  hours,  131  grammes  (about  4  oz;) 
of  fseces,  containing  267  per  cent,  of  solid  matter  (dried  at  120°  C),  therefore  35 
grammes  Tabout  1  oz.^  of  smid  matter  in  twenty-four  hours. 

The  sohd  matter  of  the  excrements  consists  mainly  of  insoluble  remnants  of  food, 
insoluble  salts,  and  sand.  The  portions  soluble  in  water,  alcohol,  and  ether,  contain, 
though  by  no  means  constantly,  albuminous  matters,  volatile  fatty  acids,  among  which 
are  butyric  and  acetic  acids,  lactic  acid,  sugar,  taurine,  resinous  products  of  the  de- 
composition of  bile,  including  choloidic  acid  and  dyslysin,  unaltered  bile-pigment,  but 
very  rarely  undecomposed  bSe  (only  indeed  when  the  alimentary  matters  pass  rapidly 
through  the  intestines,  as  in  diarrhoea  or  tuberculosis,  or  when  the  secretion  of  bile 
is  abnormally  increased,  as  by  the  action  of  calomel), — fat  (sometimes  in  considerable 
quantitv  and  in  masses  resembling  mar^arin),  excretin  and  excretolic  acid,  and  small 
quantities  of  soluble  salts,  chiefly  alkaline  phosphates,  with  mere  traces  of  sulphates 
and  chlorides,  the  potassium-salts  being  more  abundant  than  the  sodium-salts.  The 
portion  of  the  excrements  insoluble  in  water,  alcohol,  and  ether  contains, — besides  food- 
remnants  and  sand — earthy  and  ferric  phosphates,  and  sometimes  oxalate  of  calcium 
(after  the  taking  of  food  containing  oxalates). 

Berzelius  (Lehrbttch,  4  Aufl.  ix.  340—349)  found  in  human  faeces : 

Water 753 

Bile 0-9' 

Albumin 09 

Peculiar  extractive  matter 27 

Salts 1-2, 

Insoluble  residue  of  digested  aliments 70 

Insoluble  matters  added  in  the  intestinal  canal,  mucus,  biliary  resin, 
and  peculiar  animal  fat 12*0 

1000 

Wehsarg  found  in  1000  pts.  of  human  fseces,  733  pts.  of  water  and  267  pts.  of  sob'd 
matter,  yielding  on  the  average  53*4  pts.  of  matter  soluble  in  water,  41-6  alcoholic 
extract,  30*7  ether-extract,  80*0  insoluble  food-residues,  and  10  95  inorganic  salts  pre- 
cipitable  by  ammonia.  •* . 

In  the  ash  of  human  excrement  Porter  (Ann.  Ch.  Pharm.  Ixxi.  109)  found: 

K20        Na'O        Ca«0         Mg^O        Fe^O»        P*0*  SO*         CO«        NaCl 

6-10       607       26-46       10-54       2-50       3603       3-13       607       1*33  «  96-23 

Fleitmann  (Pogg,  Ann.  Ixxv.  366)  found  in  the  ash  30-68  per  cent  soluble  salts. 
According  to  Berzwius,  human  excrements  contain  relatively  less  lime  and  more  mag- 
nesia than  the  food ;  and,  according  to  Wehsarg,  they  contain  only  traces  of  phosphate 
of  calcium,  but  considerable  quantities  of  phosphate  of  magnesium.  According  to 
Porter's  analysis,  however,  the  proportion  of  lime  exceeds  that  of  magnesia.  The  pro- 
portion of  soluble  salts  in  the  solid  excrements  is,  under  normal  conditions,  very  much 
less  than  in  the  urine,  and  only  becomes  considerable  in  diarrhoea,  cholera,  and  other 
diseases  of  the  intestinal  canal. 

The  following  results  re«)ecting  the  constitution  of  the  excrements  of  man  and 
animals  have  been  obtained  by  Dr.  Marcet  (Phil.  Trans.  1864,  p.  265 ;  1857,  403). 
When  healthy  human  faeces  are  completely  exhausted  with  boiling  alcohol,  a  residue 
is  obtained  which  is  completely  insoluble  in  ether,  and  from  which  boiling  water  ex- 
tracts nothing  but  ammonio-magnesian  phosphate.  The  clarified  alcoholic  solution 
deposits  after  long  standing  a  precipitate  which  appears  to  contain  a  peculiar  granular 
8ul>stance  and  an  olive-coloUred  fatty  acid,  excretolic  acid,  which  melts  between 
25^  and  26°  C.  The  alcoholic  solution  separated  from  this  deposit  and  mixed  with 
milk  of  lime,  yields  a  brown  precipitate,  from  which,  after  drying,  ether  extracts  a 
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crj»t4klIiBflb]c  subst&ncc,  excretin.  Mjircot  li  of  opinion  thatlianmn  htc^a  geaeraHy 
coiitalo  extTv?tin  in  the  free  stot^.  Tlie  lime  predpitate,  freed  from  excretin  by  niesoB 
of  ether  and  treated  with  hydrochloric  acid,  yicldi!  mnrgAric  Acid;  itlikewise  contttinB 
A  colotiring  matter  apparently  resembling  thiit  of  tho  blood,  or  that  which  Harley 
(Proc,  Roy.  Soc.  rii.  122)  h;is  obtained  from  urine.  The  amount  of  margaric  acid 
Bccms  to  depend  on  the  quantity  of  TCgct^ib]©  food.  Jn  the  acid  excrements  of  a 
paticut  in  whom  the  flow  of  bile  into  the  intestine  was  obstructed  by  the  pressujv  of 
an  enlarged  and  disorgani^jcd  pancreaft,  Marcet  found  acid  stearate  of  sodium,  together 
with  cousideruble  quantitiea  of  free  fatty  acida^     (Chem.  Soc,  Qu.  J,  x.  162.) 

The  fieces  of  carnivorous  animala  contain,  not  excretin*  but  a  subetance  lesembling 
it,  together  with  butyric  acid ;  those  of  the  crocodile  eontjun  cholesterm,  but  no  xma 
acid  ;  those  of  the  boa  contain  uric  acid,  hut  no  cbolestcrin ;  and  those  of  Tegetablc- 
feeding  animals  contain  neither  excretin,  butyric  add,  nor  cholesterin. 

The  excrementa  of  bizda  and  serpents^  which,  mixed  with  the  renal  secrctioo,  are 
discharged  from  these  animals  through  the  cloacii,  partake,  to  a  great  extent^  of  the 
nature  of  urine,  consisting  chiefly  of  alkaline  unites  and  earthy  pbosphatas,  (See 
OiTANO  and  Uiujni.) 

The  excrements  of  insects  oonaiEt  mainly  of  the  remnants  of  the  tissues,  aiiimal  or 
vegetable,  wliieh  tbey  have  swallowed  as  food,  mixed  with  constituents  of  the  urine,  if 
the  insect  is  not  proi'ided  with  special  urinary  organs^ 

For  fort  her  details  on  oxcrementa,  see  Lehmemn^B  Pkynoloffi^  Chemfsiry,  tranfttate<l 
by  Day,  ii.  141 ;  iii.  617. — Gmeim*9  Handlmchj  Tiii  93. — Eandw,  cL  Chem,  ii  [3]  &71. 

SXCKSTZW.  C'»H«**SO*.  (Harcet,  toe,  ciL,  also  Proc.  Roy.  Soc,  ix.  308.)— This 
substance  crystallises  readily  from  the  alcoholic  extract  of  the  fiBces,  in  silj^  ciystals, 
very  soluble  in  ether,  gparmgly  soluble  in  cold  alcohol,  insoluble  in  water,  ft  has 
an  alkaline  reaction,  ana  is  not  deeompostd  by  dilute  mineral  acids.  Melts  between 
96^  and  96^  C.  Human  feces  contain,  on  the  average^  0*46  grm,  of  impure  excretin, 
and  f)184  gnu.  of  pure  excretin  in  one  evacuation.  The  fceces  of  a  child  one  year  old 
were  found  to  LM^ntain  not  excretin,  but  choleeteriD, 

S3LC&ST0^XC  ACXX>«  A  fatty  acid,  obtained  by  Harcet  from  the  alcoholic 
extract  of  human  excrements  (for  the  method  of  obtaining  it,  ace  page  613).  It  has  a 
feculent  odour ;  molta  at  26° — 26*^  C.  ;  and  when  heated  on  plaf4p«m*fo il,  emits  an 
odour  like  that  of  burning  excretin,  and  bums  away  with  a  bright  flame.  It  is  in- 
soluble in  water,  soluble  in  ether,  sparingly  soluble  in  cold,  easily  ia  hot  alcohol.  The 
Bolutfon  has  a  distinct  add  reaction, 

aatOPHACIM'.  The  name  given  by  Valendennes  and  Fr6ny  to  the  outer  portion 
of  the  <3^'!jtalline  lens  of  the  eyes  of  mammalia. 

ftXOSMdSlS.    See  Osmosb. 

PAWSZOMp     See  Hkat. 

iZOCiLT0H>  A  drying  apparatus,  consisting  of  an  en  dosed  apace  containing 
Bub^rancei!  which  rapidiy  absorb  moiature,  such  as  oil  of  vitriol,  dij  chloride  of 
calcium,  &C* 

EXTSAGT*  A  pharmaccntical  term,  applied  to  the  tough  or  visdd  masses,  ob- 
tained by  treating  organic  Bubstanees  with  solvents^  and  then  evaporating  the  solvent. 
(See  Ures  Bktionartf  of  Arts,  Manu/acttirts,  and  Mint^,  iL  107;  and  Mandw6rUrbuch 
dft  Cheinie,  il  [3]  977.) 

BT3S.  The  eye  consistd  of  three  coatings,  the  sclerotic,  choroiLd,  and  retina,  em- 
closing  the  crystalline  lens^  and  two  transparent  liquids  or  humours,  the  aqneons  and 
the  vitreonis. 

The  sclerotica  is  a  hard,  tough  membran^  enveloping  the  entire  globe  of  the  eye, 
opaque  for  the  most  part,  but  transparent  in  fiimt :  this  tran^arent  portion,  which  is 
more  convex  than  the  rest,  is  called  the  cornea. 

The  sclerotica  is  com|>osed  of  a  tissue  which  is  converted  into  chondrin  by  the  action 
of  boiling  water,  leaving  only  a  smaU  residue  of  vessels.  Boiling  hydrochloric  acid 
tirst  contracts  and  then  dissolves  it  mpidly.  Acetic  acid  converts  it  int^  a  jelly  soluble 
in  water,  forming  a  solution  which  is  not  rendei-ed  turbid  by  ferrocyanide  of  potasaittm. 
The  flderotica  contains  in  100  pta.,  51  00  C,  708  H,  1872  N,  and  23-20  0.     (Scherer.) 

The  cornea  is  aJ^  composed  of  tissnea  which  ^ield  chondrin  when  boiled  with  water 
■nd  dissolved  in  hydrochJoric  add.  Acetic  acid  first  contracts  the  cornea  and  then 
dissolves  it  completely.  The  solution  is  preci|iitated  by  potaKh,  and  by  lenoeyanide 
of  potassium. 

The  choroid  Is  a  tissne  lining  the  interior  of  the  eye-ball,  next  to  the  sclcrotie 
coat  J  it  yiulds  chondrin  when  boiled  with  water. 

Tht>  retina,  which  ig  the  iruiermotit  wating  of  tlie  eye^  n  soft  and  semitrazu^parentt 
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and  approaches  in  composition  to  the  nerves  and  brain ;  it  may,  indeed,  be  regarded 
as  an  expansion  of  the  optic  ner\'e.  It  contains,  according  to  Lassaigne,  92*90  per 
cent  water,  0*85  saponifiable  and  ^hosphorettcd  fat,  and  6*26  albumin. 

lietween  the  choroid  and  the  retina  is  interposed  a  layer  of  cells  filled  with  a  black 
opaque  substance,  called  the  black  pigment,  the  pigmentum  nigrum  or  oph- 
tnalmo-melanin.  When  separated  by  washing  from  the  enclosing  membrane^  it 
forms  a  heavy  black  powder,  pofectly  insoluble  in  water,  alcohol,  and  ether,  sparingly 
soluble  or  insoluble  in  dilute  mineral  acids,  but  dissolved  hy^  caustic  potash,  with 
evolution  of  ammonia.  It  burns  with  an  unpleasant  odour,  leaving  a  small  quantity  of 
ash  containing  iron.  The  organic  matter  of  the  black  pigment  contains,  according  to 
Scherer,  680  per  cent  C,  60  H,  140  N.  and  220  0. 

The  iris,  which  is  the  coloured  reticular  membrane,  situated  in  front  of  the  eye, 
just  behind  the  cornea,  consists  chiefly  of  fibrin. 

The  crystalline  lens  is  a  transparent  body,  having  the  form  of  a  double  convex 
lens,  situated  behind  the  pupiL  In  man  and  mammiforous  animals  in  general,  it  con- 
sists of  fibres,  which,  in  the  central  portions  of  the  lens,  the  oxophacin,  consists  of 
an  albuminous  substance  {albumin  a),  which  coagulates  at  about  65^  C,  but  does 
not  lose  its  transparency  when  treated  with  alcohol,  even  foe  a  long  time.  In  the  outer 
portion  of  the  lens,  the  exophacin,  the  fibres  are  united  by  another  albuminous 
substance  (metalbumin),  which  does  not  coagulate  at  the  boiling  heat;  both  these 
substances  differ  from  ordinary  albumin  (L  66),  in  not  formins  a  blue  solution  with 
hydrochloric  acid.  The  crystalline  lenses  of  binls  and  reptiles  differ  but  slightly  from 
those  of  mammalia.  The  czystalline  lens  of  fishes  is  also  formed  of  two  parts,  the 
outer  of  which  (the  exophacin)  consists  of  metalbumin,  the  inner  of  an  alouminous 
substance,  insoluble  in  water,  caUed  pkaconin.  The  fibres  of  the  crystalline  lens  of 
mammalia  exhibit  a  close  resemblance  to  the  jphaconin  of  fishes. 

These  several  albuminous  bodies  do  not  diner  much  in  composition,  either  from  each 
other  or  from  orbinary  albumin  (i.  67),  as  the  following  table  will  show:  — 

Carbon  .... 

Hydrogen 

Nitrogen 

Oxygen. 

10000     .         .  100-0     .         .  10000 

In  the  eye  of  a  horse  which  had  become  blind  by  cataract,  the  albumin  and  the 
metalbumin  were  found  to  be  insoluble  in  water,  and  a  number  of  membranes  had 
formed,  nearly  opaque,  and  easily  separated  from  one  another.  These  membranes, 
when  incinerated,  aid  not  leave  a  larger  proportion  of  ash  than  ordinary  white  of 
egg.     (Valenciennes  and  Fremy,  Compt  rend.  xliv.  1122.) 

The  aqueous  humour,  which  fills  the  space  between  the  cornea  and  the  crystalline 
lens,  is  a  mobile  saline  liquid,  having  a  specific  gravity  of  1*0053,  and  containing, 
according  to  Berzelius,  98*10  per  cent;  water,  1*15  chloride  and  lactate  of  sodium, 
and  0*76  free  soda,  besides  a  small  quantity  of  albumin. 

The  vitreous  humour  is  a  gelatinous  liquid,  which  fills  up  the  entire  space  behind 
the  crystalline  lens.  It  has  a  saline  taste,  is  colourless  and  transparent,  but  becomes 
opaline  when  boiled.  It  contains  98*40  per  cent  water,  0*16  alkaline  chlorides  and 
lactates,  and  1*42  soda  and  animal  matter  ^Berzelius).  The  colour  and  composition 
of  the  vitreous  humour  vary,  however,  witn  age ;  in  the  foetus  it  is  red  and  contains 
blood ;  in  old  age  it  sometimes  becomes  yellow.  In  the  vitreous  humour  of  a  blind 
horse,  Lassaigne  found  a  peculiar  yellow  colouring  matter,  and  8  per  cent  of  albnniin. 
(Pelouze  et  Fr^my,  Traits  de  Chimie  ghihale,  2"«  Edition,  vL  220,  293.) 


F. 

See  EXORBKENTS. 

A  substance  found  by  Buchner  and  Herberffor  in  beech-nuts,  the  fruit  of 

Fagtis  sylvatica,  but  only  imperfectly  examined.  It  is  said  to  be  a  yellow  sweetish  mass, 
casilv  soluble  in  water  and  alcohol,  sparingly  in  ether,  decomposed  by  strong  acida 
and  by  dry  distillation,  but  distilling  undccomposcd  with  the  vapour  of  water  or  alcohol. 

VAOVS.     See  Bbech  (i.  526). 

See  Tbtbahedritb. 

A  variety  of  hydrous  dichroite,  2MK)J3iO"  +  aAl«0*.3SiO«  +  3  aq. 


Albumin  • 

Metalbumin. 

Phaconln. 

51*89     . 

.     52*8     . 

.     5211 

6*75     . 

.       7*3     . 

.       7*69 

15*46     . 

.     160     . 

.     16*53 

25*90     . 

.     23*9     . 

.     23*67 
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(p.  310),  occurring  at  Fahlcin  in  Sweden.  The  crystJilline  form  is  the  same^  ns  thit 
of  dichroite^  of  which  indeed  it  appears  to  bo  a  pseudoniorph.  SpeiriBp  grarity  » 
2*6  t^  2'79»  Somewhat  hiurdor  than  apatite.  Colonr  grfenisb,  yellowish,  brownisb,  to 
black.     Lustre  feeble,  perceptible  ocW  on  the  cryfrtallino  faces.     Fraetun^  splintery. 

Analt/^rs, —  a.  bv   HiBingor    (Aihimdl.  i,  Fj^ik*  ir.  210^ — K  Browniah-greeo ; 
c.  61actc ;  «l.  CryBtallised  :  by  Waciitmeister,  Pogg.  Ann*  atiii.  70). 


8lO» 

Al*0»  Mn'O  Mn^CP  Fc^O  F«30 

Mg«o 

Ca*0 

N«»0 

ic»o 

H'O 

F 

«.  i6  79 

26-73   .     .    0-43   .     .  601 

2-97 

,       ^ 

*     # 

>      • 

1360 

,     ,-.  95-43 

k  43*61 

25-81    1*72  .     .    6  36  .     . 

e*63 

*     • 

4-46 

0-94 

U66 

0*16-101-13 

r,  44-flO 

30' 10    .     .    2-24    .     »  3'8<J 

6-75 

1-36 

,     . 

1-98 

^36 

.     .  =  100-23 

it  44-05 

80-70    ,    .    1-90   .    .  7-22 

604 

0-96 

.     • 

1-38 

%U 

.     ,  =  10179 

BoQsdorffito  from  Abo  in  Finland  (p.  321)  appeant  to  have  tbe  same  compositicm ; 
jilao  peplolite  from  Sweden  and  pjnu^gyllite  ^m  Helaingfors,  (Bammelsberg, 
p.  832.) 

r JtSSAZTIU  A  Taricty  of  angite  &om  tbo  F&asa  Tallej,  I^edinonti  baring  a 
graafl-green  or  pislaehio-green  ooloar,  with  high  lustre. 

IPATS.  The  term  Fat  was  originally  upplied  to  all  eompounds  ^nsistiiig  of  carbon* 
hydrogen^  and  a  small  quantity  of  oxygen,  which,  eitJier  at  ordinary  t«!iiiperatiiT«« 
form  ridcid,  oily  liquids^  greasy  and  leaving  a  permanent  stain  on  paper,  op  are  con- 
Yerted  into  «neh  liquids  by  heat, — which  rtjquine  a  stjYvng  heat  to  make  them  boil,  and 
then  diHtil  over  in  a  state  of  complete,  or  nearly  complete  decomposition, — ^buni  with  a 
bright  flame,  depositing  little  or  no  soot» — and  are  insoluble  in  wut«r,  bat  solubLe  in 
alcohol  and  in  ether. 

Fats  wore  dirided,  according  to  their  various  degrees  of  fosibility,  into  liquid  faf^ 
OP  fatty  oUs^  espresaed  o«7j»,  op  Jiird  oU^,  which,  aocoiding  as  thoT  dry  up  or 
remain  grensy  when  eatposed  to  the  air  in  thin  layers,  were  snbdiiidea  into  dryin/f 
oila  and  non-drying  oils,  and  kiio  *oUd  /ats,  such  as  hudf  tallow^  waa,  np&JxmevUt 
ehdlasterin,  &c. 

Chrrreul,  to  whoso  ftmdamental  inTOBtigationfl  we  are  indebtad  fbr  Qi»  gmktest  part 
of  our  knowledge  of  this  subject,  showed,  nearly  at  the  same  time  with  Braoonnot,  that 
fats,  as  they  occtir  in  natura,  aro  for  the  most  part  mijcturcs  or  combinations  of  difiWrent 
simple  fat«,  <*.  ff,  of  olclti,  steaniii  aod  maxganUi  in  yanableproportio&s^  the  ooasistence 
and  fusibility  of  the  mixture  TUTing  aceordingly.  II19  showi?d,  rnQreoTCT,  that 
certain  Aits  (non-sapoQiflablo  fats),  neither  dissolve  nor  undefgo  any  other  change 
when  boiled  with  uqurous  alkalis,  whereas  most  of  these  bodies  Ibrm  ioaps  with  aqueous 
alkalis  and  with  certain  heavy  metallic  oxides ;  that,  in  this  proeeis  of  saponification, 
the  fats  do  not  combine  in  their  original  state  with  the  alkalis,  but  that  they  oa? 
thereby  resolved  into  two  products,  viz.  first,  a  fatty  acid,  which  combines  with  the 
nlkali  and  forms  the  soap,  and  differs  in  its  compoaition  aceordine  to  the  natorc 
of  the  flit, — and  secondly,  in  most  cases,  the  substance  called  glycerin,  vhidi 
j^heele  obtained  by  treating  fixed  oils  with  lead-oxide  and  water.  He  showed 
that  the  sum  of  the  weights  of  these  two  products,  in  their  utmoct  state  of  drynosa, 
exceeds  that  of  the  fat  employed,  and  consequently  that  hydrogen  and  oxygen  fnm 
the  water  mu.it  likewise  contribute,  in  equal  numbers  of  atoms,  to  the  formation  if  t' 
product;  whence  he  concluded  that  these  saponifiable  fata  are  analogous  in  comp^>^iri  1 
to  compound  ethers,  viz.  compounds  of  various  fatty  acids  with  glycerin  minus  a  cer- 
tain quantity  of  water,  just  as  compound  others  are  compounds  of  alcohol  witti  acids 
minu*  a  certain  quantity  of  water. 

In  accordance  with  the  inTestigations  of  Cherreul,  which  hare  ranee  been  oonfimed 
and  extended,  the  fami]|^  of  the  uts  has  been  broken  up,  and  its  members  aaui^cd 
according  to  their  chemical  naturOi  as  follows : 

1,  UnsaponiJiaUe  Fats* — ^Tbeee  sabstances  remain  perfectly  unaltered  even  after 
long  boiling  with  aqueous  potash^  According  to  their  composition,  they  belong  partly 
t<»  tile  hydrocarbons,  such  as  paraffin,  partly  to  the  alcohols,  oa  etbal  and  cboleatoin^ 

2,  Fati^  acids  or  Sf^p  achh-  Obtained  chiefly  by  the  saponification  of  8aponifiabI<) 
fiits«  They  combine  wifh  salifiable  basea,  without  any  Anther  addition,  and  ara  com- 
pletely separated  therefrom  in  their  original  state  by  stronger  acids ;  hence  thej 
prowfly  belong  to  Uie  class  of  organic  acids,  and  are  in  fact  incloded  therein.  Ac- 
cording to  their  boiling  points,  they  may  be  divided  into  valaith  fattif  anils^  as 
butyric,  capric  acid,  &c, ;  and /is^  fatty  aads^  u  stearic,  palmitiov  oleic  aci»I,  &c, 

3,  SaponiJiafJ^  Fti/*.— The»e  fats  do  not  combine  in  their  entire  state  with  alkalis, 
but  in  contact  with  alkalis  and  with  water  are  gradually  resolved  into  a  fiitty  add 
which  unit4's  with  the  base  and  forms  a  soapy  salt,  and  a  neutral  bodj.whidi.  in  nK«t 
fitts  of  this  kind,  is  glycerin,  but  in  some,  sa  ccrin  and  spermaceti,  isa  nan-wponifliblf 


a 
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The  results  obtained  by  Chevrenl  have,  within  these  last  few  years,  been  confirmod 
and  extended  by  the  researches  of  Bcrthelot^  who  has  shown  that  fats  may  be  artifi- 
cially produced  by  the  direct  union  of  the  fatty  acid  and  glycerin,  with  elimination  of 
1,  2,  or  3  at.  water.  The  natural  fats,  stearin,  olein,  &c.  are  for  the  most  part  of  the 
third  class.    (See  Gltcbbidbs.) 


r  AU7ASZTB.  A  silicate  occurring,  together  with  black  augite,  in  the  mandel- 
stein  of  the  Kaiserstuhl  in  Baden.  It  crystallises  in  dimetric  octahedrons,  in  which 
the  angle  of  the  terminal  edges  is  lll^  3(y,  that  of  the  basal  edges  106°  SCK.  Hard- 
ness =■  5.  Specific  gravity  «  1'923.  Colourless  to  brown.  Fracture,  vitreous  and 
uneven.  Gives  off  water  when  heated  in  a  tube.  Intumesces  before  the  blowpipe, 
and  melts  to  a  white  blebby  enamel.  An  analysis  by  Dam  our  (Ann.  Min.  [4]  xiv. 
67)  gave  46*12  per  cent  silica,  16*81  alumina,  4*79  lime,  6*09  soda,  and  27*02  water 

(«99*83).  Hence  the  formula  (iNa^o)**^®'^^'  "*"  2(Al*0».3SiO»)  +  18  aq.,  which,  by 
substituting  al  «  JAl,  and,  considering  part  of  the  hydrogen  as  basic,  may  be  re- 
duced to  the  form  of  a  metasilicate  (M^a/»*H«)Si»0"  +  17  aq. 


An  iron-chiysolite  (Eiaenperidot),  Fe*SiO^  occurring  in  pegmatite 
on  the  Houme  mountains,  Ireland,  also  in  volcanic  rocks  at  Fayal,  one  of  the  Azore 
islands.  It  is  trimctric,  cleavable  in  two  directions  at  right  angles  to  each  other. 
Hardness  «=  6*6.  Specific  gravity  «  4*11 — 4*14;  4*006,  according  to  Delesso.  Colour, 
black,  greenish  or  brownish ;  sometimes  iridescent.  Fuses  readily  to  a  black  magnetic 
globule,  and  is  easily  attacked  by  acids. 

Analyses, — 1.  Thomson  (Outlines  of  Mineralogy,  i.  461). — 2.  Delesse  (Bull.  geoL 
[2]  X.  668).— 3.  Bammelsberg  {Mineralchemie^  p.  436.) 

S10«     Fe«0  Mn^O  AHO*  K«0   M^O  Ca«0    Cu«0  Fe*S 

1.  Slavcanrach,  Ireland  29*60  68*73  1*78 «  100*11 

2.  „  „        29*50  63-64  6*07  trace .     .  0*30 a     98*41 

3.  Fayal  2827  63*80  .     .  3*46  .     .  trace    0*46    1*29    3*36    -  100*61 

Iron-chrysolite  has  been  observed  as  a  furnace-product  near  Goslar.  A  volcanic 
glass  or  obsidian  analysed  by  Klaproth  (BcitrSige,  v.  222),  yielded  similar  results: 
29*50  SiO»,  6600  Fe«0,  4*0  A1*0«,  and  0-25  K'O ;  but  G.  Bose  considers  it  as  a  slag. 
(Dana,  ii.  185.) 

VATncw.  The  French  name  for  the  glazed  earthenware  used  for  common 
plates,  dishes,  jugs,  and  other  vessels.    (See  Pottbrt.) 

ygATHMI^A^UM.    A  name  applied  to  native  hydrated  sulphate  of  aluminium 

(A1«)"(S0*)«  +  18H«0,andtonativeiron-alumorhalotrichite.^a.«,|  2S0*  +  12H«0, 

both  of  which  occur  in  delicate  fibrous  crystals  or  masses.    (See  Sui.phates.) 

FBiLTBaS-OHB.  This  name  is  applied  to  the  capillary  form  of  native  sulphan- 
timonite  of  lead.  2Pb'S.Sb*S* ;  but  as  this  mineral  likewise  occurs  massive,  the  name 
Ileteromorphite  {q.  v.)  proposed  for  it  by  Zincken  and  Bammelsberg  is  preferable. 

FBATBBB8.  The  beard  and  quill  of  feathers  were  found  by  Scherer  to 
contain : 

C.  H.  N.  Oanda 

Beard    .        .     62*47     .  .     7*11     .  .     1768    .  .     22*44-    99*70 

Quill      .        .    62*43     .  .     7*21     .  .     17-89    .  .     22*47-  100*00 

whence  it  appears  that  the  two  parts  of  the  feather  have  essentially  the  same  compo- 
sition. 

The  ash  of  feathers,  especially  of  birds  which  live  on  ^in,  contains  a  large  proper 
tion  of  sih'ca ;  the  feathers  of  birds  which  live  on  animal  food  or  on  berries  yield  a 
smaller  total  amount  of  ash,  and  this  ash  is  also  less  rich  in  silica,  as  will  be  seen 
from  the  following  table,  containing  the  results  obtained  by  Gorup-Besanez  (Ann.  Ch. 
Pharm.  Ixi.  46  ;  Ixvi  321). 
In  birds  living  on:  A.h.       SlUca.   .^tS?„*;i!:  £5., 

Seeds      .        .    the  feathers  contain  in  100  pts.    4*84        1*98        40 
Fish       .         .  „  M  2*41         0-23        10*6 

Flesh     .         .  „  ,,  2*16        0*64        27 

Insects  Borrics  „  „  262        0*76        27 

The  feathers  of  old  birds  are  richer  in  silica  than  those  of  young  ones;  the  wing- 
feathers  contain  more  silica  than  those  of  the  tail  and  breast. 

The  permanent  colours  of  feathers  are  due  to  peculiar  pigmcnta  which  may  be 
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extriict«d  by  vmrioas  solTente^  The  beaiitii\il  pby  of  ooloun  which  some  f^then  exhIKit 
as  the  light  fulls  upon  them  at  different  inddeiic««i,  arises  from  a  decompositioQ  gf 
light  aiimUr  to  that  which  ia  produced  hy  mother-of-p(4irl  and  other  striated  i»urfac«e. 

According  toBogdanow  (CkimpL  rend.  xlv.  68B ;  xlvi.  780)  the  yellow,  green,  lilac 
and  red  pigmenti  of  feathers  of  conetant  tint  are  soluble  in  alcohol  and  ether  ;  black 
feathers  contain  a  pigment  {Zoomekinin),  probablj  identiciil  with  the  black  pigment  of 
the  eje,  which  ia  insoluble  in  alcohol  and  ether«  soluble  in  ammonia  and  potash,  and 
slightlj  in  wat^r.  Feathers  of  Taryiog  colonr  yield  gre^n  and  brown  pigmenta,  pro- 
bably identical  in  composition  with  the  preceding. 

Feathers  whfn  heated  emit  a  characteristic  and  unpleasant  odour.  According  to 
0reville  Williams  (Chem.  Gat.  1868,  p.  309),  they  yield,  when  submitted  to  de- 
■tmctfye  distillation,  eonsddcrable  quantities  of  pyrrol^  a  miitnre  of  volatile  baaei^  and 
a  gas  containing  anlphor,  which  quickly  decomposoa  peroxide  of  lead* 

Ooose-feath^  boiled  for  a  considerable  time  with  dilute  sulphuric  aoid,  yield 
leucine  and  tyrosine!.  The  beiard  of  feathers  heated  to  200'^  C,  with  water  in  scaled 
tubes  for  seTeral  hours  dissolTea  completely,  forming  a  yeEowish  liquid  which  smells 
like  burnt  feathers,  and  deposita  a  floccnlent  precipitate  (Loyer  and  Keller,  Ann. 
Ch.  Pharra,  Ixxxviii,  332). 

Feathers  damaged  by  bending  may  be  completely  restored  to  shape  by  dipping  them 
foT  a  minute  in  boiling  water,  and  then  in  cold  wattar  till  they  are  quit©  oool 
^Bottger,  J.  Pharm,  [3]  yTociv,  399). 

rtSLStBP^M^    8yn.  with  Felspar. 

F£XiSZTE*    A  compact  variety  of  labradorieet  which,  together  witJi  honiblcnd 
forms   the   pTeenstone   of  Siebenlehn    in   the  EragebLrg,     Specific  gruTity  «-  2'6t,' 
Contains  5100  per  cent.  SiO',  3050  A1*0»,  1-75  Fe^O".  11*25  Ca«0.  4*00  NaK),  1*25 
water  ( =  9975),     (Eanm£hberff'0  Mincralchemie,  p.  600,) 

FJsitSOBAimTS.    Syu.  with  QtBBarrs, 

^EXiSP^AJt.  This  name*  is  applied  to  a  ^up  of  minerals  which  dystsllise  in  the 
luoiioeliJUL"  and  triclinic  systems,  and  may  idl  be  rcpre«4entc<l  eitlier  as  silicates  of 


alumina  united  in  various  proportions  with  silicates  of  the  alkalis  or  alkaline  earths, 
or  as  orthosilicates  containing  aluminium  and  an  alkali-  or  alkaline-eartli-metal, 
combined  (excepting  in  the  ciiae  of  anorthite)  with  excees  of  silica.  On  the  fanner  mode 
of  representation,  they  are  diatinguishetl  from  one  unothcr  by  the  ratio  of  the  oxygen 
in  the  protoxide,  the  alumina,  and  the  silicic  anhydride ;  in  the  second,  by  the  pro- 
portion  of  free  silicic  anhydride  associated  with  the  orthoailicatow 

Tho  following  table  s^ows  the  composition  of  the  seTeral  minetftls  of  the  felspar 
group: 

Onjtfn  rstlo. 

Anorthite      .    IrSr    4,  Ca«O.Al*0".2SiO»  or  0a(A17"SiO«  "Ca^'    J^*| 


Labradorite  ,    1:3:    6,  M»O.Al*D".3SiO»  or  2pff(Al')'*SiO*].SiO« 


gi< 


Z^S^h^^l    ^-3'    8,M»OJJ*OUSiO«orM(Al*)'-SiO*^iO« 


Oligodase      .    1:3:    9,  2MK).2Al*O»,0SiO<  or  4[M(Al»rSiOrj.5SiO" 


oithookSfl       1:3;  12,  M'OjU'O-jSiO"  or  M(Al*)"19iO*,2SiO= 


'.aS') 

M.Aa  I 

ic-    ^'  jo. 


If  silica  be  regarded  a«  &iO*^  and  the  small  atomic  weight  of  oxygen  be  used  [0[* 
21;  0  «  8]|  the  formuIoB  become; 


Anorthite      .        .     3Ca0.3i4^0*.4®iO* 
Labradorite  .        .       3P0.  ^;«0".2®i(? 


Oligodaae  .        .        ,    MO.APO^.miC/" 
Albite  and  Orthodase     3fO.Ai^O^AB\0* 


•  It  Ii  loinetfmi!!  «rkt<m  ''  FcldRf.Tr/'  iti  [miutloo  of  the  German  Ftfidgpaik,  dcrlTOl  Tram  Feid  m 
Add  ;  \mt  **  FcUpar,"  ligrdf^ingA  spar  foiind  on  a  rock  or/fi,  U  thocaore  correct  fp«llliis. 
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We  shall  here  describe  only  the  two  minerals  to  which  the  name  felspar  is  more 
especially  applied,  viz.  Orthoclase,  or  Potash-fiUpar^  and  MbiUf  ot  Soda-ftUpar,  The 
rest  have  been  or  will  be  described  in  separate  articles. 

The  two  species  of  felspar  jnst  named  are  distingoishod,  partly  by  their  crystalline 
forms,  partly  by  their  chemical  composition,  orthodase  being  monodinic,  and  containing, 
for  the  most  part,  more  potash  than  soda,  while  albite  is  trioinic,  and  contains  more  soS 
than  potash.  In  one  or  two  Tarieties  of  orthodase  (known  to  bo  such  by  their  deavage), 
the  proportion  of  soda  exceeds  that  of  potash,  as  in  glassy  felspar  from  Langenbeig 
(Analysis,  15,  p.  620),  and  in  loxodaso;  bnt  in  tridimc  felspar,  the  soda  invariably 
predominates,  the  proportion  of  potash  never  amounting  to  one-third  that  of  the  soda ; 
so  that  it  may  be  stated  as  generally  true  that  excess  of  potash  determines  the  mono- 
dinic  and  excess  of  soda  the  triclinic  form.  The  alkali  present  in  the  smaller  proportion 
appears,  however,  to  have  some  influence  on  the  crystalline  form :  for,  accoraing  to 
observations  of  Breithaupt  and  of  Naumann,  it  appears  that  in  some  varieties  of 
potash-felspar,  the  inclinations  of  the  axes  are  somewhat  different  firom  that  which 
exists  in  normal  orthodase,  so  that  the  forms  pass  into  the  didinic  and  even  into  the 
triclinic  system. 

Orthodase  and  albite  mav  also  be  distinguished  to  a  certain  extent  by  their  dopsity, 
that  of  albite  being  for  the  most  part  somewhat  above  that  of  orthodase ;  but  this 
criterion  is  not  very  dedded,  inasmuch  as  the  density  of  a  felspar  may  be  increased  by 
an  augmented  proportion  of  lime. 

Ortlioolase.  Common  or  Poioih  Felspar.  Ice-spar,  Felsite.  Adularia, 
Moonstone,  Murchisonite,  Leeliie,  Amausite,  Amaeon-stone,  Sanidin,  Napo- 
leonite.  Necronite,  Pegmatolite,  MikrokHin  (Breithaupt).  VaUneianiU 
(B r  0  i  t  h  aup  t).    Erythrite  and  Perthite  ot  Thomson. 

Afonoclinic—Some  of  the  most  frequently  occurring  forms  are  shown  iafigs,  471^ 
476.   Hatio  of  axes,  a\b\o  mm  1*619  :  1  :  0*844 ;  ooP  :  ooP  in  the  otthodiagonal  prin- 


Fig,  471. 


%.472. 


cipal  section  «  61''  11';  oP :  ooP  »  67®  44'.  The  Crystals  are  oft^n  prismatically 
elongated  in  the  direction  of  the  prindpal  axis  (Jigs.  471,  478)  or  in  that  of  the  dino- 
diiiponal  {fiq.  472) ;  frequently  also  they  assume  the  tabular  form  from  predominance 
of  the  face  \  ooPoo  1.  Twin-crystals  are  of  fi^uent  occurrence,  like  those  in  figs.  475, 
476,  for  the  description  of  which  sec  Cuystai.loobaput  (p.  163) ;  more  rarely  the 
combination-face  is  panillel  to  the  face  of  u  clinodiagoual  dome  [2Poc  ].     (.'lea>-age 
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p^ect  puraUel  tx>  oP;  le«B  perfect  parallel  to  [  obP«  ].  Oft*n  mMsiTe,  denvable,  or 
er&uularT  sometimes  coarsf^ly  lamellar- 

Hardnesfl  »  6.  Specific  gravity  —  2'4 — 2'62,  Lufltre  vitrGOUB,  eomciimea  ifldiniag 
to  pearly  on  the  surface  of  perfect  cleavage.  Colonr  white»  grey,  reddish-white,  flesh- 
red;  greemBh'White,  greeo.  Streak  uncolourod.  Transparent  to  translucent. 
Fracture  oonchoidal  to  uncTcn,  ^  ,*,*., 

Before  the  blowpipe  it  melts  with  difficulty  to  a  Bcim*tranBp»wnt  blebby  gMm  (at 
the  heat  of  the  porcekin  fi^rnace,  to  a  greyiRh  white  frothy  gUss),  Accordit^  to 
Turner,  many  altered  felfipara  give  a  slight  indication  of  the  i^esence  of  boric  acid.  It 
ia  not  attacked  by  adds.  .  ^   ,  ,^  ,, 

Antdytu.^h  Valentine  Rose  (Schcrer'B  X  viii,  244),— 2.  Deleiso  (Bull-  geol. 
[2]  X.  668).  —  3.    Gmeliii    (Pogg.    Ann.  Ixxxi.  313).  —  4.    A^^*^^    ^*^'^    IL  62B.) 


-1&.  Schiiabei(j*i"<f.). 

Lo** 

SIOZ  AMO^  Fe^O'  CmiO  Mg^o    RK>  Ka'O  bj  ig. 

tmioa 

I.  ComnumffUpar,  LomnUi .       .       .    68'7a     H'SO     I-TB  ItH     .     ,     11^  ,     .     .  =   9t-f5 

J.  CoMJiKni/rAfpar,  Ctuiniounfx    .         .    66-48      JIl  OS    iniw?  0'«>     *     ,      lO-M     V90     -     .  =    ?**» 

3,  Common/fUptir.Mifenuk.hiiirtrig.    6S'90      19  ir,     0  44  0  29     .     .       6-(U     6't4     O-IS  ;^    M*f9 

4.  ^tfu/oTM.  St.  O'Hhu-d  .  .  .  6.V69  17  97  .  .  1*34  .  .  1i^  1*01  .  .  s  )00-O0 
a,  AfcKwI^n^^,  Cetlon      ....    64  DO      l9'4a      .      .  0*4J      0-»      ll'St  .     1*U  =  lOO'M 

6.  r^rfXfwciofiiitf        .        .        ,        ,        .    eS-Ba      I7-A8     (H»  .      .     .     .      I4'W)      .     »     ,     .  asr    99-S 

7.  Microclm    .        .....    6^76      18  31    tnic«  1'30     .     .     UO(i      ...,.=    Sit-O 

ft.  Pfrtkite       ......    <»'44      Ift'a.S      lOO  O'fi?     OM       6*37      &-56     0  40  =    W'^S 

9.  Ckfttrriitt    ,.•,..    OHfi      l7eo     0-!40  Ch6*     0«l      14- 18      1  7S     O-liS  s  100 » 

Id.  LofOcUue 6»*40      1948      IW  «-l8     O"*       ST'Tfi     7-23     0-76=    99  34 

11.  G/Afw/rinHir.  Drnch^nrelt      .        .    6fi-60      Whfi     0*60  I'OD     .     .       ft*0O     400     .     .=    ^70 

12.  GJ^uty^WMPar,  Rockp»kjll,  Effel  .  69  M  17*61  0-74  ChlS  0*06  14'>9  lift  .  .  « lOO-on 
I».  <}/a»«fA/*Mr,  Epotnto,  l*ctila  .  »;"73  1756  0  B|  llS  |-aO  §17  410  .  .s  9*&0 
14.  OteMyA^^^t  VcriUTlui    ,        .        .    fifi  A3      19  lA     .     .  0-6a     .     .  14-74          .     .  ^  100*81 

beQC«Diri G6'»     19  09     (^51     0-76     .     .       6^     7  S2    .     . «   99-97 

The  formula  KK).Al*0*.6SiO*  require  54*8  SiO^  18  4  APO*,  16*8  K«0  ^  100. 

Soda,  as  already  obserred,  generally  replaces  part  of  the  potafih  and  sometimos  erven 
pTedominaten,  i«  in  loxoeliise.  Lime  and  magnesia  are  nlmoit  always  present  to  w 
small  amOTm^  some  ^wssj  felspars  containing  na  much  as  2^  to  2J  per  cent,  of  limv. 
Fckpar  also  contains  a  small  qnantitv  of  phosphoric  acid.  (Fownes,  Ann.  Ch.  Pharm. 
be  190— SulliTfln,  Phil.  Mag.  [3]  ixrii.  16L) 

The  different  varieties  of  felspar  are  distiniciusbed  by  their  colour,  luBtre,  and  trjn«-j 
pareney.  The  common  subtranalucent  varieh*.  or  orthodase,  is  the  ordinary  eonstii^ 
tuent  of  granite :  it  occurs  in  fine  crystals  at  Baveao  on  the  Lago  Maggiore,  Lomniti^ 
in  Silesia,  Carbbad  and  EInbogen  in  Bohemia,  Arendal  in  Norway,  the  LaDd*s  Enel^ 
the  Moume  Monntaina  in  Ireland,  AlabawJika,  and  other  tjIsjccs  in  the  TJnd,  near  Rio 
Janeiro*  at  Rosaie  in  St.  Lawrence  County,  New  York,  ana  other  localities.  Lorocina* 
foimd  at  Hammond,  in  St,  Lawrenee  County,  N.  Y.^  is  diatinguinhed  by  more  diaftinct 
cleamge  parallel  to  the  basal  and  eiinodiagoiud  sections.  Specific  gravity  «  2*6  •-  2*62 
(P 1  a  1 1  n  e  r. )  NtcroniU  is  a  ▼Briety  which  gives  off  a  fetid  odour  when  struck. — Chrs- 
terlUe  IB  from  Chester  County,  Pennsylvama. — Adninria  is  a  transparent  or  translucent 
Tftriety,  found  in  granitic  rocks.  Large  ervfftals  of  it  are  foutid  on  the  St*  Gothard. — 
Viif4maaniU  is  ii  variet/  of  adutaria  from  the  Valenciana  mine,  in  Mexico. — Mf.>on9t*3n(^ 
from  Ceylon,  is  also  a  variety  of  adularia,  exhibiting  pearly  reflections  when  polished — 
Sunsttrnf  is  a  similar  variety,  containing  minute  scales  of  oxide  of  iron. — Avmturin 
ft'Upar  is  le«s  pellucid,  and  has  yellow  and  reddish  internal  reflections. — The  Murthi* 
mnUf  of  I^vy  is  a  fiesh-nnl  variety  of  felspar  (specific  gravity  =  2*51)  occurring  in 
rolled  lobbies  at  Heavirree.  near  Exeter.  ^jiw*Lroii-*^o*M  is  a  vercb'gria-green  variety, 
colourwl  by  copper,  from  l4ike  Ilmen, — LcfliU  or  HrUfJUnia^  from  Giyphyttan,  io 
Sweden,  has  a  waxy  lustre,  and  deep  fie^h-red  colonr. —  Turto/f^tf  is  a  dark  green  variety, 
containing  lighter  globular  particles,  from  the  river  Drac,  in  France — ^The  MunUin 
of  Breithaupt,  is  a  variety  of  felspar  from  Arendal ;  the  Ert/tkrite  of  Thomson  is  a 
flesh-col ouroti  felspar,  coTitaining  3  per  cent,  magnesia,  found  in  amygdaloid.  Specific 
gravity  «  2'o41. — The  Pfrtkite  of  Thomson,  i«  from  Perth  in  Upper  Canada. 

All  the  varieties  of  felspar  aT)ove  mentioned  oceur  in  rocks  of  the  older  fonimtjonsi 
glassy  fihpar,  also  called  Sanidin  (froai  ffavit,  a  board,  the  crystals  being  t^liuiar),  i 
found  in  trachytic  and  volcanic  recks  of  recent  origin  ;  it  has  a  perfect  vitreous  lust 
and  is  traversed  by  numerous  cracks.     A  variety  called  Icfspar  is  found  in  Ihe  V* 
vian  lava** ;  the  likt/acoNtc  of  G.  lii:>se  is  abo  a  gl.i>isy  felspar  from  Vcsuviua. 

According  to  B  i  ech  o  f,  the  mode  of  occurrence  of  felspar,  and  the  minerals  inth  which"' 
it  is  associated,  ore,  in  raoKt  cases,  such  as  prove  it  to  have  been  formed  by  reactior* 
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that  have  taken  place  in  the  wet  way,  although  the  possibility  of  ita  fonnation  by 
ihaion  is  established  by  its  occurreuce  in  violet-coloured  crystals  on  the  inner  walls  of 
a  Bmelting  furnace  at  Sangerhaosen.  (Chem.  and  Phya,  Geology,  by  Gustav  Bisehof, 
Eng.  edit,  ii  162,  et.  seq.) 

Alterations  of  Felspar, — Felspar  is  altered  by  the  action  of  water  containing  car- 
bonic acid  (Porchammer),  or  rendered  acid  by  the  decomposition  of  pyrites  (Mitscher- 
lich),  or  containing  alkaline  and  other  ingredients  in  solution,  the  change  consisting  in 
the  abstraction  of  the  alkali  and  a  portion  of  the  silica,  and  the  assumption  of  water. 
The  ultimate  poducts  of  this  alteration  are  hydrated  silicates  of  aluminium,  viz.  kaolin 
and  its  varieties,  phoUrite,  halloysitSy  samoite,  and  bole,  and  the  several  kinds  of  clay. 
The  following  are  analyses  of  partially  decomposed  felspars. 

0.  Orthodase  from  the  porphyry  of  the  Auerberg,  near  Stolberg,  in  the  Hans  ; 
white,  rather  soft  (Rammelsb erg,  Mineralchemie,  p.  629). — b.  Decomposed  orthodase 
from  the  granite  of  Karlsbad. — o.  The  same  from  the  syenite  of  GFeising,  near  Alten- 
-berg,  in  the  Erzgebirg. — d.  The  same  from  the  red  porphyry  of  Umenau,  in  the  Thii- 
ringerwald  (Crass o,  loc,  cU.) : 

SiO»     A1«0S       Fe<(P    Mn«0    Ca«0    Mg»0      K«0      Na«0     H^O     Ca«C03 

.     .     0-43     Oil     14-42     0-20     129      .      .    «  100 
.     .     0-69     0-46       4-67     041     861      .     .    a     9996 
.     .     0*36     0*66       6*86     038     3*67     .      .    »    99*94 
0-17     .     .     0-61       212     0-21     .     .     49-46  -     9667 

In  a  the  alteration  is  rather  mechanical  than  chemical.  The  deficiency  mdia  pro- 
bably due  to  loss  of  water  in  the  analysis. 

Felspar  is  also  gradually  converted  by  loss  of  silica  and  alkali,  into  mica.  This 
transformation,  first  observed  by  0-.  Hose  in  the  felspar  crystals  of  Lomnitz  and 
Hirschberg  in  Silesia,  has  lately  been  more  exactly  investigated  by  v.  Bath  (Fogg. 
Ann.  xcviiL  280).  In  the  three  following  analyses,  a  is  the  flesh-red  orthodase  in  the 
interior  of  the  mass,  of  specific  gravity  2-644,  and  yielding  only  traces  of  water  when 
heated.  The  zone  of  weathered  mineral  6,  immediately  surrounding  this  is  greenish- 
white,  granular,  friable,  of  rough,  uneven  fracture,  and  filled  throughout  its  mass  with 
specks  of  silvery  lustre;  its  specific  gravity  is  2*616.  The  external  layer  c  consists  of 
mica  in  greenish  scales,  which  turn  brown  when  heated ;  their  specific  gravity  is  2-867. 
For  analysis  they  were  separated  frt>m  intermixed  quartz-granules. 

11-12  301  0-60  =  101-18 
9-21  208  1-34  =  100-61 
11-19       0-60       4-66  «  100-87 

The  Orthodase,  in  changing  into  mica,  parts  with  about  half  its  alkali  and  %  of  its 
silica.    {Rammelsbery's  MineraicheTrde,  p.  630.) 

ikiblte.     Soda-felspar,     Ckavilandite.    Pericltn.     Tetartine,     KieselspatK 

Tridinic,  an  ordinary  combination  being   oo^T/  .  oaPco  .  oP .  P* .  ^Foo  {fig.  477). 

Cleavage  very  perfect  parallel  to  oP ;  less  distinct  parallel  to  oof  oo ;  imperfect  parallel 

to  V.     Twin  crystals  are  frequent,  generally  having  the  face  of  combination  parallel 

to  oopoo  {Jig.  478)  see  p.  266 ;  indeed  the  tendency  of  this  mineral  to  form  twins  is  so 

Fig.  477.  Fig.  478. 


SiOa 

AHO» 

Fe403 

Ca^O 

Mg«0 

a. 

66-66 

18-86 

0-46 

0-36 

0-21 

6. 

66-48 

20-34 

1-32 

0-64 

0-30 

tf. 

49-04 

29-01 

6-66 

017 

0-76 

grcat>  that  even  crystals  and  crystalline  fragments  of  apparently  simple  structure  are 
generally  found  to  consist  of  a  largo  number  of  lamellar  twins,  proaucing  on  certain 
fractured  surfaces  striations  which  are  characteristic  of  albite.     The  mineral  likewise 
occurs  lamellar  and  granular,  sometimes  almost  impalpable. 
Hardness  =  6—6-6 ;  in  some  granular  varieties  =■  7.  Specific  gravity  =»  2-69 — 2*66. 
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Lustre,  Titrootis ;  on  the  cleaTage-facoa,  pearly.  Coloiirleiw,  white  of  vanoM  Bluide% 
light  rid,  yellow,  gtwn^  and  gnn%  Streak  uiit!o]oure<i  Tnmsparent  to  Bubtranslucent, 
Fradnre  irneTen.  Brittle.  —Before  the  blowpipe,  it  behaTOS  Tvxy  much  lijce  orthodaa^^, 
Lat  melts  somewhat  more  easily,  and  coloura  fhe  flame  difitinctly  yellow, 

Jnalyscs.--h  G,  Eose  (Pogg.  Ana,  Ixxiii.  173).— 2.  Thaulow  {ibid,  xHL  671). 
—3,  Abich  (Berg.  n.  hiittenm.  Zeitung^  1842,  No.  1&).— 4,  Stromeyer  {UnUr* 
ituchmgm,  1%  300),— 5.  Abich  (/cw.  «Y.).— 6.  Hunt  (PhiL  Mag.  [4]  i.  322).— 7.  Ram- 
melaberg  (M?i^rai<?A«i»*<!,  p.  620). 


SlO»      Al*03     Fe*05    Ca'O   Mg^O     K'O      N**0    Mo«0 


1930 
19'43 
1871 
19*S0 
1830 

21*80 
16-ii9 


0*28 

0-27 
O'll 
101 

0-30 
2^30 


0-68 
0-20 
0-60 
0-24 
1*26 

2*52 
085 


018    0-66 
0-51     253 


0-20 
1*46 


0-58 
0-51 


912 

1147   .     .  = 

11-24  tzace  « 

906   .     .  = 

7  99  .     .  ^ 

700    0-6  ^ 

1024  ,     .  « 


97*84 

lOOlO 

llJO-00 

99-80 

99-83 

99*80 
99*57 


1*  Orif§iaUis€d^  Arendal  68 '46 

2.  „        St.  Gotlmrd  69*00 

a.  ,,        Hiask      .     .  68-45 

4,  Ma«9ii}e,  Che«terflcld  70 '6  8 

6.  Peridin^  Pantellaritt »  6823 

«.  F^rkimte^  Perth,  (      *- «* 

7.  ffypoBcUfite,  Areudal  67*62 

The  formula  Na*OAl*0"-6SiO=  requiws  687  SiO«,  19*5  A1*0\  11*8  Na«0  «  100. 

ffi/poecltrite,  which  has  a  specific  grurity  of  2-6  -  2*66,  and  is  softer  than  albite,  ij% 
aecording  to  Hammebbcrg,  a  mixture  of  albittj  with  6  pir  cent  augite. — A  white 
tDABaire  felspar  from  the  St.  Gottuifd,  containing  nearly  equal  quantitiea  of  potaih  and 
Boda  {67*39  SiO^  1924  Al*0«,  0*31  Ca'O,  0*61  Hg^^O,  677  it^'O,  and  623  NaK)X 
uppenars  to  be  a  mixture  of  albite  luid  orthoclafie. 

Albito  oflen  replaces  orthodaae  as  a  constituect  of  granite ;  in  otKer  inataneea  it  ia 
associated  with  orthof^laBe,  as  in  Pompey'a  pillar,  and  may  then  be  distinguished  by  its 
superior  whiteness.  The  albite  grEnitea  are  often  repositories  of  several  of  the  granite 
mincralsj  f .  g.  tourmalin,  beryl,  and  allanite.  Albite  is  uiisociated  with  pearlapar  in 
the  Tjrol^  where  it  occurs  in  large  txaDsptiient  crratala ;  with  epidote  and  garnet  at 
Arendal ;  with  eudialyte  and  hornblende  in  Greenland.  It  is  frequently  one  of  tho 
conatituenti}  of  syenite  and  greemitona.    (Dana,  ii.  240.) 

Soda-felapant  yield  more  rapidly  than  potaah-fi^nora  to  the  decomposing  action  of 
water  contaming  carbonic  acid  j  and,  accordingly,  Mr.  Sterry  Hunt  find*  in  the  moro 
recent  crystalline  or  metamori^fhie  rocks  of  Canaoa  "  a  less  development  of  scniaL-felspar, 
while  orthoclase  and  mica,  chlorite  and  epdote,  and  silicates  of  alumina,  like  chiasto- 
lite,  kyanite,  and  staurotide  (which  contain  but  little  or  no  alkali,  and  are  rare  in  the 
older  rocks)  become  abundant.**  He  conceivea  the  ca^rbonate  of  sodium  resulting  from 
the  decomposition  of  the  albite  and  similar  minerals  of  the  older  rocks,  to  have  reacted 
with  the  chloride  of  calcimn  which  existed  in  lar^e  proportion  in  the  palrooioic  ocean, 
thus  gLTing  rise  to  deposits  of  carbonate  of  calcium,  and  to  the  chloride  of  sodimn 
which  sea  water  now  contains.     (Proc.  Geo!  Soc.  Lond.  Jan.  6,  1859.) 

Green  Felspar  of  Badenmais.-^Tbis  mineral  whiL'h  occurs  associated  with 
magnetic  p^rritea,  quartz,  <fec,,  exhibits  on  the  cleavage-faces  the  striation  of  the 
tridinic  fekpara,  and  has  a  specilic  gravity  =  2546  —  2-549  (Kerndt),  2-604 
(Potyka).  Heated  in  splinters  before  the  blowpipe,  it  melts  to  a  blebby  gkas,  and 
colours  the  flame  reddish-yellow.  CJontains,  according  to  Potyka  (Fogg.  Ann.  cniL 
363): 

SiO»  A  1*0'  FeSO  Ca30  M<i>0  K=0  Na*0 

6312         19-78         l'6i         0*65         013         12*57         2'11  «  99*87; 

whence  Bammel8berg(^in«rci/cAfmt<r,  p.  616)  deduces  the  formula  '^  gQ{2SiO*4 

Al*Ol3SiO«— which  is  of  the  form  M:'0,A1^0»,6SiO=,  or  2[M(Al')'"Si6'J,3SiO»  Tlie 
mineral  is  perhaps  a  new  member  of  the  felspar  group  (p.  618),  intermediate  in  eomp?- 
Bition  between  oUgockse  and  orthoclase,  between  which  it  also  stands  with  regard  to 
its  density. 

IPfiliSPATBXO  aocKS.  Felspar— chiefly  orthoclase  and  its  varieties — entert 
into  the  compojiition  of  a  great  number  of  rocks.  Granite  consists  of  febpar  (generally 
orthoclase),  quartzt  and  mica,  crystalliBed  promiscuously  together.  F^mnatiie  is 
graphic  granite.  Gftnas  has  the  same  composition  as  granite,  but  exhibits  traces 
erf  lamination.  Mica  date  is  similar,  but  with  u  distinctly  foliii ted  structure.  BertsiU  ^ 
is  a  fine-erained  granite,  containing  pyrites,  from  the  ii»^ighbourhood  of  Beresof  in  tbA 
UfftL  Bftnite  resembles  granite,  but  contains  hornblende  in  place  of  mica. 
Protoffine  u  a  talc  granite. 

JMerine  is  a  gneissoid  rock  in  the  Alps,  consisting  of  felsp^  and  talc.     GrantditJTt 
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Eurite^  or  Leptynite  is  a  granular  compound  of  felspar  and  quartz,  sometimes  with 
garnet.  Hom/eU  and  Cornubianite  ako  consist  of  quartz  and  felspar.  Pyroxemte 
consists  of  felspar  and  lamellar  pyroxene.  Pyromeride  is  a  granitoid  rock,  containing 
thickly  disseminated  spherules  of  a  felspathic  rock,  mixed  with  quartz.  Miascite  is  a 
granular  slaty  rock,  consisting  of  orthoclase,  mica,-  and  elaeolite,  sometimes  with  quartz, 
albite,  and  hornblende. 

Porphyry  consists  of  a  compact  felspathic  base  (comite  or  porphyrite),  intermixed 
with  crystals  of  felspar  (orthoclase,  oligoclase,  or  labradorite).     See  Pobfhtrt. 

Clinkstone  or  Phonolite  is  a  compact  felspathic  rock,  of  greyish  colour  and  smooth 
fracture,  clinking  under  the  hammer  somewhat  like  a  metallic  ore.  Trachyte  is  similar 
in  colour  and  constitution,  but  has  a  rough  surface  of  fracture.  Domite  is  a  greyish 
earthy  variety  from  the  Puy-de-Dome. 

Pumice  is  a  porous  felspathic  scoria  from  Tolcanocs. 

TVop  or  Crreenstone  is  a  dark-heavy  blackish-green,  green,  or  brownish  rock,  con- 
sisting of  felspar  and  hornblende.  TVlien  albite  replaces  orthoclase,  the  rock  is  called 
diorite.  Basalt  (i.  518)  is  a  similar  rock,  consisting  of  felspar  (generally  labradorite) 
with  augite,  olivine,  magnetic  iron  ore,  and  a  zeolite.  Dolerite  (p.  343),  is  similar  to 
basalt,  but  does  not  contain  olivine,  or  generally  zeolites.  Anamesite  is  a  fine-grained 
rock,  similar  to  basalt,  in  which  labradorite  predominates.  Wacke  is  an  earthy 
variety  or  a  rock  consisting  of  basaltic  earth  or  sand. 

PetrosiUxt  or  AdinoU^  is  a  compact  impure  felspar,  like  the  base  of  porphyries. 
Obsidian  or  volcanic  glass,  is  sometimes  impure  glassy  felspar,  sometimes  a  mixture  of 
felspar  and  aogite,  with  chrysolite  and  much  iron,  &&,  according  to  the  nature  of  the 
lava  from  which  it  is  formed.    (See  Obsidian.) 

Pitchstone  and  Pearlstone  are  felspathic  minerals,  containing  excess  of  siHca,  like  the 
spherules  of  pyromeride,  porphyry,  &c.  Baulite  or  Krablite  (i.  622)  appears  to  bo  a 
siliceous  felspathic  mineral  related  to  these  concretions :  it  forms  the  basis  of  the 
trachyte,  obsidian,  and  pitchstone  of  Iceland.    (Dana,  ii  246.) 


JKTEJh  OUb  or.  The  essential  oil  of  common  fennel  (Faniculum  mtlyare  or 
Anethum  fcmiculum)  is  identical  with  oil  of  anise  (l  297).  The  oil  of  bitter  fennel 
(?  of  Phdlandrium  aquaticum)  is  a  mixture  of  two  volatile  oils  differing  in  boiling 
point  (L  299). 

FBROnsonXTB.  A  rare  mineral  from  Kikertaursak  in  Greenland,  discovered 
by  Hartwall  (K.  Vet  Acad.  Forh.  1828,  p.  167),  further  examined  by  Weber.  It 
crystallises  in  quadratic  sphenoids  (p.  136)  with  imperfect  cleavage,  parallel  to  tho 
pyramid  of  tho  primary  form.  Harmless  s=  S'5 — 6.  Spec.  grav.  =  6*838  (Allan), 
6-800  (Turner).  Lustre,  dull  externally,  brilliantly  vitreous  and  submetallic  on  tlio 
fractui^d  surface.  Colour  brownish-black ;  in  thin  scales,  pale  liver-brown.  Streak 
pale  brown.  Subtranslucent  to  opaque.  Fracture  imperfect  concho'idal.  Infusible 
before  the  blowpipe.  With  fluxes  it  melts  with  difficulty,  forming  glasses  which 
appear  yellow  while  hot.  The  glass  formed  with  phosphorus-salt  appears  reddish  in 
the  reducing  flame ;  when^aturated  with  soda  it  yields  globules  of  tin. 

The  mineral  is  a  hyponiobate  (originally  regarded  as  a  tantalate)  of  yttrium  and 
cerium,  containing  also  zirconic  and  stannic  acids,  as  shown  by  the  following 
analyses,  a  by  Hartwall,  b  by  Weber : 


Kb«0» 

Sn03 

ZrO« 

Y«0 

Ce«0 

u«o 

Fe«0 

a. 

47-76 

1-00 

3-02 

41-91 

4-68 

0-96 

0-31    «  99-62 

b. 

48-84 

0-36 

6-93 

38-61 

305 

0-35 

1-33   =  99-46 

From  Weber^s  analysis  we  may  deduce  the  formula  M»0(ZrO» ;  SnO*)  +  2(MK). 
Nb»0»)  -  M^Zr ;  Sn)0».4MNbO«.     {Rammelsberg's  Mineralchemie,  p.  401.) 


TATZOir  and  PUT&lir  ACTZOIT.  (B  c  r  z  e  1  i  u  s,  Berz.  Jahresber. 
XX.  464.  — Liebig,  Handw.  d.  Chem.  iii.  217.  —  Schwann,  Pogg.  Ann.  xli  184. — 
Helmholz,  J.  pr.  Chem.  xxxi.  429. — Popping  and  Struve,  ibid.  xli.  266. — Blon- 
des in,  J.  Pharm.  [3]  xii.  244,  333.— C.  Schmidt,  Ann.  Ch.  Pharm.  Ixi.  128 ;  cxxvi. 
126. —  Pasteur,  Vinous  Fermentation,  Ann.  Ch.  Phys.  [3]  Iviii.  323;  Lactous  Fer- 
Tnentationf  ibid.  liL  404 ;  Jahresber.  d.  Chem.  1867,  p.  610 ;  1869,  p.  663 ;  Mucous 
Fermentation,  Bull.  Soc.  Chim.  1861,  p.  30;  Spontaneous  Decomposition^  Ann.  Ch. 
Phys.  [3]  Ixiii.  6.— Gm.  vii  96 ;  xv.  266.) 

Certain  organic  compounds,  when  exposed  to  the  action  of  air,  water,  and  a  certain 
temperature,  undergo  aecomposition,  consisting  either  in  a  slow  combustion  or  oxida- 
tion by  the  surrounding  air,  or  in  a  new  arrangement  of  the  elements  of  the  compound 
in  dififcrcnt  proportions  (often  with  assimilation  of  the  elements  of  water),  and  the 
consequent  formation  of  new  products.  Tho  former  process,  that  of  slow  combustion, 
is  called  Eremacausis  or  Decay,  and  has  been  already  considered  (p.  497);  the  latter  is 
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eaUed  PulrrfocHon  or  FtrmtfOatym., — -puirefat^ium^  when  it  IM  accompanied  far  ts 
olEeoBlTc  odour,  frrvunlatwn  wlufo  do  such  odoor  in  evolved,  aod  ^^pecLdij  il  1^ 
rimriMMl  insults  in  the  formation  of  osefal  prodaeta  ;  thus  the  deoom|>o6ition  of  ft  dend 
Lodj  or  of  ft  f^nft&ti^  of  blood  or  mine,  ifl  putrefftction ;  thftt  of  giftpe-Jiuoe  or  milt-'mi^ 
which  jiddft  aleoboC  ii  fismMitation. 

In  the  proeeneft  of  £ezmentstion  and  piitref«etion,  organic  compoundft  of  ft  h%her  Older 
ftfe  zesolved,  aomeliiDeft  into  lower  OK^janic  oompooiidB,  sometinieft  into  inoi)gftaie  eam^ 
poondft^  ftB  cftrbonio  ftcid,  water^  ttmioonift»  or  sulphuretted  h jdrogen,  flofnetim^  into  Ampl* 
anbctftDctfl^  as  hjthrogpn  and  nitrogen  gaaea.  in  man^  fermentations,  none  of  the  aboTt> 
mentioned  gases  ore  evolTod ;  in  fiict,  they  go  on  withoot  anj  evolntion  of  gaa.  Tie 
affinities  which  tend  towards  the  formation  of  organic  compounds  of  a  lower  ofder«  €f 
of  inorganic  products^  are  donbtlesa  stron^r  than  those  by  which  the  original  snbstaaoi 
ifl  held  together ;  and  this  circumstance  is  probably  connected  with  the  eTolotion  «l 
heat  whicQ  acoompanieB  ftirmffutation,  and  may  be  partly  the  Cftosa  of  the  apontneooi 
combustion  of  organic  bodies. 

Fermenting  and  putrefying  substanoes  generalfybaTe  a  tendency  to  abstnct  oo^gta 
from  the  air  and  otner  bodies.  Hence,  when  ftnnentation  takes  place  with  five  aeecsi 
of  air,  it  is  accompanied  by  enmacansis  on  the  surface  of  the  ofgjanic  substance.— 
Putrefying  subetancea  reduce  sulphide  of  iron  from  fiBrrous  sulphate.  The  winn 
fermentation  of  indigo  ia  likewise  a  process  of  the  eame  nature. 

The  substsncetji  most  dispo&od  to  putrefaction  ore  numerous  compounds  rich  in 
lutrpgen,  Tiz.  the  albuminoua  or  protein  substances,  such  as  albumin,  fibrin,  csfiein, 
emu^m,  legumin,  gliodin,  glutin,  6Ecl,  and  gelatinous  substancesit  such  as  mcmbraiMS 
eonsisting  of  gelatin  and  other  tissues,  glue,  chondrin,  &c.  On  the  other  hond^  thetv 
are  other  compounds  rich  in  nitrogen,  such  sa  uric  add,  the  alkaloids^  indigc^  Ac^ 
whicb,  of  themselTea.  at  least,  are  not  capable  of  putrefying,  and  eTen  some  subatftnccs 
belonging  to  the  class  of  protein-eompounda,  but  of  a  coherent  nature,  such  as  haii; 
horn,  and  hard-boiled  albumin,  are  sosoeptiblQ  only  of  a  slow  deeSiy.  The  iotmet 
compounds,  on  the  contrary,  require  only  the  presence  of  water  and  the  access  <f  air 
ftt  the  commencement^  to  bring  them  into  a  stole  of  decomposition,  which,  on  acd^unt 
of  the  o^iisi?e  odour  which  accompanies  it,  is  especially  denoted  by  the  tenn  putr«>/ac> 
tion.  Since  animalu  are  mainly  composed  of  these  substances,  they  are  especiall/ 
liable  to  this  putrid  decomposition  \  but  many  seeds  of  plants,  mosses,  &&,  which  are 
Kkcwise  rich  in  protein-compotmd?,  are  also  liable  to  paas  into  the  state  of  stinking 
potrefactioD.  The  bad  smoll  which  accompaniee  putrefutioD,  ptoeseds  partly  &om 
inorf^anic  compounds,  such  aa  sulphuretted  hydrogen  and  **ninftfit»^  pu^y  firom 
newJy  formed  Tolatile  organic  compounds,  the  nature  of  which  is  not  exactly 
known. 

Of  other  organic  compounds,  there  are  but  few  which  are  brought  into  ft  state  of 
fermentation  or  putrefaction  by  contact  with  air  and  water,  so  long  as  gelatin  aod 
albuminotis  compoundu  are  excluded.     Urea  dissolTed  in  a  refj  huge  qua    ' 
water  is  very  slowly  resolTed  into  ammonia  and  carbonic  acid ;  dilute  aqueous  i  _^ 
of  many  vegetable  acids,  and  more  especially  of  their  ammoniaoal  salts^  alao  ofl 
gum,  and  starch,  are  decomposed  with  formation  of  mould. 

But  many  substiinces  incapable  of  fermenting  per  sf^  undergo  that  change  when  iM 
contact  with  gelatinous  or  albuminous  compounds ;  and  those  which  are  capabW  oi 
fermenting  alone  ferment  moire  quickly,  or  with  formation  of  different  products,  wheftl 
they  are  brought  in  contact  with  these  compounds.  Many  compounds,  howerer^--tho9e» 
namely,  which  consist  wholly  of  carbon  and  hydrogon — are  incftpable  of  fermentiii^ 
even  under  these  circumstances.  As  gelatinans  and  albuminous  compounds  excite 
fennentfttion  in  other  substances,  they  are  called  Ftrmcytts,  and  the  compounds  which 
are  brought  into  the  fermenting  state  by  oontoct  with  them  are  called  Fermemtcbk 
JSuhsiancfS. 

Albuminous  and  gelatinous  compounds  sometimes  excite  fermentation  in  other  sub- 
stances, even  when  they  are  in  tho  fresh  state,  as  they  exist  in  plants  and  *ni^#Tff  ;  ^ 
eomctinies,  on  the  contnuy,  tboy  must  be  exposed  to  the  air,  bo  as  to  bring  them  intl 
a  state  of  incipient  putroliietion,  before  they  will  act  as  ferments  upon  other  bodies: 
and,  in  this  case,  it  is  often  found  tbat  they  will  bring  another  substance  into  di£S 
states  of  fermentation,  according  to  the  particular  stage  of  decomposition  which 
have  themselves  attained. 

The  aqueous  solution  of  salicin  or  amygdalin  would  probably  remain  unaltcs^  ibr  a 
long  time,  if  left  to  itself;  but  l^e  emukioQ  of  almonds  {8yn4ntiase)  added  in  its  unaUj 
tered  state,  just  as  it  exists  in  recently  prepared  sweet  uLnona'-nulk,  decomp 
salicin  into  glucose  and  saligeniu,  and  amygdalin  into  glucose,  bitter-almond  oil,  _ 
hydrocyanic  acid, — In  hkck  mustard,  the  addition  of  water  induces  the  formation 
volatile  oil  of  mustard,  in  consequence  of  the  action  of  the  emulsin-hke  substance  j 
tained  in  it  on  the  myronic  acid  which  it  also  contains. 
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Fixed  oils  appear  to  pass  into  a  state  of  rancid  pntref  action  only  when  an  albuminous 
compound  is  mixed  with  them. 

Starch  boiled  to  a  paste  with  water,  and  then  left  to  itself  in  a  close  vessel  for  some 
weeks,  is  in  great  part  converted  into  glucose,  with  evolution  of  carbonic  anhydride 
and  hydrogen ;  but  in  contact  with  gluten  at  60®  C.  the  starch  of  the  paste  is  converted 
into  glucose  in  ei^ht  hours ;  lastly,  if  the  gluten  has  previously  passed  into  that 
peculiar  condition  in  which  it  exists  as  germinated  gluten  or  diasUue  in  malt,  it  effects 
thia  conversion  of  the  starch  at  60°  C.  in  less  than  an  hour. 

A  dilute  aqueous  solution  of  glucose  or  cane-sugar,  which  remains  unaltered  when 
alone,  or  only  forms  a  little  mould  and  mucus  f^r  a  long  time,  may  be  brought, 
according  to  the  nature  of  the  ferment  and  its  stage  of  decomposition,  and  according 
to  the  temperature  and  dilution  of  the  solution,  into  three  different  states  of  ferment- 
ation ;  whereby  it  is  converted  either  into  lactic  and  then  into  butyric  acid  (Lactoua 
and  Butyroua  Fermentation), — or  into  a  mucous  substance  allied  to  gum,  and  generally 
at  the  same  time  into  mannite  {Mucous  Fermentation), — or  resolved  into  carbonic 
anhydride  and  alcohol,  together  with  small  quantities  of  succinic  acid  and  glycerin. 
(  Vinous  Fermentation.) 

The  putrefaction  of  albuminous  and  gelatinous  substances  is  prevented  by  a  variety 
of  circumstances,  which  likewise  interrupt  its  further  progress  when  it  has  already 
begun.  The  same  circumstances  likewise  prevent  or  interrupt  the  fermentation  of  any 
fermentable  materials  that  may  be  mixed  with  the  ferment.  Among  these  circum- 
stances'are  the  following : 

1.  Exclusion  of  the  air Keeping  the  substances  in  a  vacuum,  in  water  free  from 

air,  in  hydrogen,  nitrogen,  carbonic  anhydride,  and  other  gases  which  cannot  furnish 
oxygen  to  the  nitrogenous  substances,  or  covering  them  with  oil,  butter,  tallow,  wax,  or 
resin. — ^Wood  immersed  in  the  depths  of  lakes  and  peat-mosses,  where  no  oxygen 
absorbed  from  the  air  can  reach  it^  because  it  is  intercepted  on  the  way  by  organic 
substances  diffiised  through  the  water,  remains  unalter^  for  thousands  of  years. — 
This  exclusion  of  air  may  prevent  incipient  putrefaction,  but  does  not  usually  interrupt 
the  progress  of  that  which  has  already  begun.  According  to  Schwann  and  others 
(p.  626),  exclusion  of  air  acts,  not  by  intercepting  oxygen,  but  by  preventing  the  ad- 
mission of  the  germs  of  microscopic  plants  and  animuls  dififused  through  the  air. 

2.  Dryness. — Perfect  dryness  prevents  every  kind  of  fermentation  or  putrefaction, 
and  seldom  allows  even  of  slow  combustion :  e.  g.  the  preservation  of  wood  for  three 
thousand  years  in  Egyptian  tombs,  whero  it  has  been  exposed  only  to  the  action  of 
tolerably  dry  air. 

3.  Freezing  temperature. — ^Water  in  the  solid  state  is  quite  inactive,  and  does  not 
allow  fermentation  or  putrefaction  to  go  on  ;  but  even  at  a  few  degrees  above  0®  C, 
certain  kinds  of  fermentation  do  not  take  place,  and  others  are  very  slowly  produced. 
All  kinds  of  fermentation  and  putrefaction  appear  to  take  place  most  readily  between 
20**  and  40°  C. — Mammoths  have  remained  undecomposed  for  thousands  of  years  in 
the  ice  of  Siberia. 

4.  Boiling  heat  prevents  incipient  fermentation,  and  completely  stops  that  which  has 
already  begun,  either  because  all  ferments  are  altered  by  it^  in  a  similar  manner  to 
albumin,  which,  when  boiled  hard,  is  scarcely  susceptible  of  putrefaction ;  or  because 
it  kills  the  microscopic  plants  and  animals  and  their  germs ;  or  from  both  causes 
together.  Fermentation  prevented  or  interrupted  bv  a  boiling  heat,  does  not  recom- 
mence after  cooling,  if  the  air  be  perfectly  excluded,  because  either  oxygen  or  living 
germs  are  required  to  produce  new  ferment 

On  this  principle  is  founded  Appert's  process,  by  which  easily  decomposible  articles 
of  food  and  drink,  such  as  meat,  fish,  vegetables,  milk,  &c.,  may  be  preserved  for 
years,— viz.  by  packing  them  in  air-tight  bottles  or  soldered  tin-cases,  heating  tlie 
vessels  for  several  hours  in  boiling  water  and  keeping  them  carefully  closed.  To 
explain  this  action,  we  may  either  suppose,  with  Liebig,  that  the  smaJl  quantity  of 
oxygen  contiiined  in  the  enclosed  air  is  taken  up  by  the  organic  matter,  without  being 
able  to  produce  ferment  at  that  temperature,  or,  with  Schwann,  that  the  microscopic 
organisms  are  killed  by  the  heat. 

If  the  air  be  admitted,  the  boiled  substance  passes  again,  after  a  while,  into  the 
fermenting  state. — If,  however,  grape-juice,  milk,  meat>  &c,  be  exposed  once  a  day  to 
a  boiling  heat^  without  being  protected  from  the  air,  and  the  small  quantity  of  repro- 
duced ferment  thereby  rendered  inactive,  before  it  has  time  to  act  upon  the  rest  of  the 
mass,  fermentation  may  be  prevented  for  any  length  of  time. 

6.  Antiputrcsant  ot  Antiseptic  Substances. — By  the  addition  of  various  substances, 
organic  and  inoi^ganic,  fermentable  bodies  are  deprived  of  their  tendency  to  fermen- 
tation, and  fermentation  already  commenced  is  interrupted. 

These  antiputrescent  bodies  probably  act  in  various  ways : 

a.  They  abstract  water  from  the  fermentable  substance. 
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b.  They  form  with  it  a  compound  less  liable  to  fermentation. 

0.  They  decomposo  the  ferment  in  such  a  manner  as  to  depriTd  it  of  its  tendcney  to 
fermentation. 

d.  They  take  from  the  surronnding  air,  and  also  from  the  ferment  already  oxidised 
by  it,  the  oxygen  required  for  fermentation. 

e.  They  probably  kill  the  fiingi  and  infusoria  and  their  germs. 

The  action  mentioned  in  a  is  probably  exerted  by  powdered  sugar  in  contact  with 
meat  and  fresh  cut-up  vegetables  ;  the  solution  of  sugar  thereby  formed  is  too  stroi^ 
to  ferment — a  and  b  together :  The  stronger  miueral  acids,  such  aa  sulphnric  acid,  ahim. 
ferric  sulphate,  mercuric  chloride,  and  other  salts  of  heavy  metals ;  also  tannin  and 
creosote. — c.  Chlorine,  pemitric  oxide,  and  chromate  of  potassium. — <L  Probably  sul- 
phurous acid. — e.  Arsenious  acid,  mercuric  chloride,  and  several  other  of  the  snbetanoes 
above  mentioned.  Arsenious  acid  and  mercuric  chloride  kill  fungi  and  infusoria ;  nar 
vomica  only  the  latter. 

Thforifs  of  Fermentation. — Respecting  the  exciting  cause  of  fermentation  and 
putrefaction  two  opposite  views  are  ent4*rtained ;  the  one  attributing  these  changes 
entirely  to  the  action  of  chemical  and  physical  forces,  the  other  supposing  that  they 
cannot  take  place  without  the  intervention  of  living  oiganisms,  Tiz.  fiingi  and 
infusoria. 

In  inquiring  into  the  exciting  cause  of  these  phenomena,  there  are  two  essential 
conditions  to  bo  taken  into  account. 

1.  'I%c  pre.^nigc  of  a  nitrogenous  hi^di/. — It  is  only  nitrogenous  compounds,  such  as 
albumin,  gelatin,  &c.,  that  are  subject  to  spontaneous  fermentation  or  putrefaction. 
Organic  compounds  containing  only  carbon,  hydrogen,  and  oxygen,  do  not  ferment 
except  when  in  contact  with  nitrogenous  bodies. 

2.  Contact  mtk  the  air. — This  condition  is  neccssaiy  for  the  oommenoement  of  the 
process,  but  not  for  its  continuance.  A  body  once  brought  into  a  state  of  fermentation 
or  putrefaction  by  contact  with  the  air,  continues  to  ferment  or  putrefy  when  after- 
wards excluded  from  the  air,  provided  there  is  a  sufficient  amount  of  nitrogenous 
matter  present  The  juice  of  the  grape  does  not  ferment  while  enclosed  in  the  sound 
skin  of  the  fruit ;  but  the  slightest  puncture  which  admits  the  air,  causes  fermenfatfon 
to  begin,  and  the  process  will  then  go  on  oven  in  a  vessel  filled  with  carbonic  anhy- 
dride or  hydrogen,  and  hermetically  sealed. 

From  these  circumstances.  Berzelius  and  Liebig  conclude  that  the  exciting  canse 
of  fermentation  and  putrefaction  is  to  bo  found  in  the  oxygen  of  the  air.  The  nitro- 
genous matt<?r,  V)y  contact  with  atmospheric  oxygen,  undergoes  a  change  of  compo- 
sition, by  which  the  equilibrium  of  the  attractive  forces,  which  hold  its  particles 
together  is  disturbed,  and  new  compounds  are  formed ;  this  alteration  oi  arrangement 
in  the  atoms  of  the  elements,  produces  a  motion  in  the  compound  molecule  of  the 
nitrogenous  body,  which  motion  is  transferred  from  one  molecule  to  the  next ;  and  in 
this  manner  the  decomposition  is  propagated  throughout  the  whole  of  the  nitrogenous 
body. — Further,  when  a  nitrogenous  substance  in  this  state  of  decomposition  comes  in 
contact  with  another  substance,  such  as  sugar,  which  would  not  ferment  by  itself^  the 
movement  by  which  the  elementary  atoms  of  the  former  are  affected,  is  also  trans- 
ferred to  the  contiguous  atoms  of  the  latter,  causing  the  elementary  atoms  in  its  com- 
pound molecules  to  cnt«r  into  new  combinations;  and  in  this  manner,  the  latter 
substance  is  made  to  resolve  itself  into  new  products.     (Liebig.) 

It  appears,  however,  from  the  observations  of  many  experimenters,  and  especially 
from  the  recent  elaborate  researches  of  Pasteur,  that  fermentation  is  never  excited 
except  under  the  influence  of  microscopic  organisms,  and  moreover  that  each  partieolar 
organism  sets  up  a  peculiar  species  of  fermentation. 

Accordingto  Schwann,  the  air  contains  the  germs  of  microscopic  plants  and  animals; 
and  when  these  germs  find  a  fitting  soil,  such  as  is  offered  by  various  nitrogenous 
bodies,  they  develop  themselves  therein,  producing  fungi  and  infusoria,  which  then,  in 
a  manner  not  yet  explained,  induce  the  fermentition  of  sugar,  &c 

It  appears  also  from  the  experiments  of  Schwann  and  ofHelmhols,  that  air  which 
has  been  passed  through  a  red-hot  tube,  and  thereby  freed  from  the  germs  of  living 
organisms,  cannot  induce  fermentation  or  putrefaction  in  nitrogenous  bodies,  and,  con- 
sequently, that  oxygen  alone  is  not  sufficient  to  bring  nitrogenous  matter  into  the  con- 
dition of  a  ferment. 

Blonde  an  also  finds  that  fermentation  in  all  its  forms  depends  on  the  development 
of  fungi.  Alcoholic  fermentation  is  excited  by  one  particular  fungus  ( Tbrvu/a  em- 
visire) ;  lactous  fermoutation  by  another  {Pcnicillium  glaitcum).  The  latter  fermen- 
tation takes  place  after  the  former,  when  a  mixture  of  30  grammes  of  sugar  and  10 
pms.  yesist  with  200  cub.  cent,  water  at  the  temperature  of  about  26°  C,  is  left  to 
itself  for  some  time,  after  the  termination  of  the  vinous  fermentation  (which  is  com- 
pleted in  about  two  days).    Beer-yeast  mixed  with  a  little  water  and  left  to  itself  in 
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a  dark,  moist  place,  was  found  to  contain  germs  of  Tbrvula  cerevUia  and  PeniciUium 
glaucum  ;  when  the  liquid  was  filtered,  the  former  of  these  remained  on  the  filter  and 
brought  a  solution  of  sugar  into  the  state  of  ^'inou8  fermentation  ;  but  the  latter  being 
extremely  small,  ran  tfaurough  the  filter,  and  the  filtrate  brought  sugar-water  into  the 
state  of  lactous  fermentation.  Acetous  fermentation  depends  on  the  development  of 
ToTVula  aceti.  The  conversion  of  nitrogenous  substances  into  fat  (c.  ff.  of  casein  in 
the  preparation  of  Roquefort  cheese,  and  of  fibrin  under  similar  circumstances),  which 
Blondeau  distinguishes  by  the  term  fatti/  or  adipic  Fermentation  {feriruntativn 
aeUpeuse)^  is  produced  by  PeniciUium  glaucum  or  Torvula  viridis ;  and  in  butyrous 
fermentation  and  urinous  fermentation  (the  conversion  of  urea  into  carbonate  of 
ammonia),  the  action  depends  on  the  development  of  PeniciUium  glaucum,  (Blondeau.) 

Against  this  view  Liebig  raises  the  following  objections : 

Beer-yeast,  which  is  supposed  by  Schwann,  Turpin,  and  others,  to  consist  of  fun^, 
does  not  possess  the  composition  of  true  fungi,  but  of  gluten.  It  has  never  yet  been 
specified  in  what  manner  these  microscopic  organisms  effect  the  decomposition  ot 
fermentable  substances.  Are  the  products  of  fermentation  and  putrefaction  the  excre- 
ments of  these  living  beings,  to  which  the  fermentiible  substance  serves  as  food  ?  Or 
do  these  organisms  transform  the  original  fermentable  substAnce  into  new  compounds 
(products  of  fermentation)  by  an  external  exertion  of  their  vital  force  ? — If  vinous  fer- 
mentation were  a  consequence  of  the  more  perfect  development  of  fungi — as  wo  might, 
perhaps,  suppose  to  be  the  case  in  the  fermentation  of  beer  and  wine  —  becr-yeast 
ought  not  to  bring  sugar- water  into  a  state  of  fermentation,  inasmuch  as  the  sugar- water 
contains  no  nitrogenous  matter  which  can  serve  as  food  to  the  fungi  composing  the 
^east,  but  on  the  contraiy  these  fungi  disappear  during  the  fermentation. — Sugar- water 
18  likewise  brought  into  the  state  of  vinous  fermentation  by  contact  with  cheese  or 
almond-milk,  though  in  this  case  no  fungoid  bodies  are  developed  like  those  of  the 
vinous  ferment,  as  in  the  preparation  of  beer,  or  the  fermentation  of  grape-juice. — In 
thousands  of  cases,  no  infusoria  can  be  detected  in  putrefying  cheese,  blood,  urine,  or 
bile,  or  they  do  not  make  their  appearance  till  the  putrefaction  has  gone  on  for  some 
time :  hence  they  cannot  be  the  cause  of  the  putrefaction,  but  are  merely  developed 
from  germs  existing  in  the  air,  because  these  germs  find  nourishment  in  the  putrefying 
substance.  It  is  true  that  they  then  accelerate  the  decomposition,  because  they  feed 
upon  the  organic  matter,  and  convert  it  by  their  vital  action  into  carbonic  acid,  &c 
When  they  have  thus  consumed  all  the  nutriment,  they  die,  and  serve  as  food  for 
infusoria  of  other  species.  All  this  may  take  place  when  the  air  has  access  to  the 
putrefying  substance,  but  bodies  which  putrefy  out  of  contact  of  air,  cowdung  for 
example,  never  exhibit  infusoria,  which,  in  fact,  would  be  killed  by  the  sulphurette<l 
hydrogen  evolved  (Liebig).  Liebig  also  Kmarka  {Jlayidworterbuch  der  C'htmie^  iii. 
217),  that  in  the  fermentation  of  milk,  when  that  liquid  is  left  to  itself  for  a  wliile  in 
vessels  containing  air  and  bound  over  with  blotting  paper,  till  fermentation  and  for- 
mation of  lactic  acid  are  completely  established,  not  a  trace  of  vegetable  growth  can  be 
detected.  He  moreover  observes  that  in  the  study  of  fermentation,  attention  has  been 
too  exclusively  directed  to  the  vinous  fermentation,  and  conclusions  of  too  great  gene- 
rality have  been  drawn  from  the  phenomena  observed  in  that  particular  process, 
whereas,  the  explanation  of  vinous  fermentation  oiight  rather  to  be  deduced  from  the 
study  of  fermentation  in  the  more  general  sense. 

C.  Schmidt  (Ann.  Pharm.  Ixi.  168),  is  also  of  opinion  ih&t  fungi  are  not  the  prime 
movers  either  in  urinous  (p.  634)  or  in  vinous  fermentation.  He  finds  that  the  clear 
filtrate  obtained  by  throwing  almonds  beaten  up  with  water  on  a  wetted  filter,  soon 
brings  urea  and  grape-sugar  into  the  fermenting  state  ;  and  in  the  latter  case,  the  fer- 
mentation may  be  in  full  play,  although  no  trace  of  yeast-cells  is  discernible  by  the 
microscope,  these  cells  not  appearing  till  afterwards.  If  the  saccharine  liquid  be  left 
to  itself  for  a  week  or  a  fortnight  after  the  completion  of  the  fermenting  process,  the 
^[roups  of  cells  continue  to  grow  in  it,  though  no  putrefaction  takes  place ;  the  fungi, 
if  washed  and  then  introduced  into  a  fresh  solution  of  grape-sugar,  grow  in  it  vigor- 
ously, but  excite  only  feeble  and  transient  fermentation,  if  any :  hence  it  appears  that 
the  growth  of  these  plants  is  but  a  secondary  phenomenon  in  fermentation. 

R.  Wagner,  however  (J.  pr.  Chem.  xlv.  241),  observed  the  simultaneous  occur- 
rence of  fermentation  and  formation  of  yeast-cells  under  the  conditions  described  by 
Schmidt. 

On  the  whole,  the  question  as  to  the  exciting  cause  of  fermentation  and  putrefaction, 
cannot  be  considered  as  quite  decided ;  the  balance  of  evidence  appears,  however,  to 
be  in  favour  of  the  view  which  re^rds  the  action  of  living  organisms  as  essential 
to  the  commencement  of  these  processes,  as  will  ajipear  jfrom  the  details  given  in  the 
following  articles  r(>lating  to  vinous,  lactous,  and  mucous  fermentation ;  but  it  must 
still  be  admitted  tliat  wo  know  nothing  whatever  of  the  mode  of  action  of  thefl« 
otgaiiisms. 
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rTATZOKt  ACETOCTB.  The  conremon  of  alcohol  into  ac«tie  aei^ 
|wr  atmoftpherii'  oxiiLition^  is  rLirh«T  a  case  of  eremacauBis  than  of  fermentation,  and 
Ihay  tttke  place  uinl^^r  tb&  ixiUuoDce  of  platinum-bliack^  and  other  finuly  diTided  sub- 
itaoOM,  wmch  facilitat«  the  transfer  of  oxygon ;  but  as  it  h  greatlj  nccderated  by 
the  presefnce  of  mtrog^noim  matter,  and,  according  to  Mulder,  of  a  peculiar  fimgoid 
plant,  the  Mf/coderma  Fini,  it  is  usually  called  Acfious  Fermmtation  (L  8). 

Under  this  head  may  also  be  mentiotied  the  conversion  of  citric  and  tartaric  aeid» 
into  acetic  acid  and  some  of  its  homologuoa,  in  contact  with  yenst  or  patT«f  jing  curd 
and  a  base,  and  even  by  mcro  exposure  to  the  air  (i.  9^5).  Pasteur  (Compt.  rrod* 
]vj.  416;  Rep.  Chim,  pure,  1863,  p.  221)  baa  lately  ah  own  that  tartrate  of  calcium 
mixoil  with  a  few  thousandth  part*  of  phosphate?  of  ammonium  and  fixed  aUcaline  or 
earthy  phosphates, — when  immersed  in  thoroughly  de-a<?rated  water  and  rigidly  pre- 
eerrcd  from  contact  with  the  air,  ismj  be  thrown  into  a  state  of  active  fermentation  by 
the  intpodnctton  of  a  Tery  small  quantity  of  the  infuaoria  produced  by  the  spontaneous 
fennf*ntatiou  of  tartrate  of  calcium  in  contact  with  the  air.  The  Infusoria  multiply 
mpidly  at  the  ezpenae  of  the  tartrate  which  in  a  iew  days  disappeaiB  entii^ly. 

FSRnSSirTATZOWv  A3^€30BOXiXC  or  VZ90TO.  The  dear  juico  of  aac 
churifrroue  plants  coutainini?  ^laeost^  C"1I'=0V  lt?ft  to  it»tif  in  contact  with  the  air  at 
t4*mpt'nitiire«  Ixttween  20  aad  24^  C.,  becomes  turbid  ufter  a  few  hounii  gires  off 
carbonic  anhydride,  becomes  warmer  than  the  surrounding  air,  and  refiuunis  in  a 
stat«  of  trausfonuation  ^m  €%  houm  to  serei^  weeJca,  according  to  the  tempera- 
ture, the  amount  of  sugar  present^  and  the  nature  of  the  nitrogi^noaa  matten,  tiU,  in 
fact,  the  whole  of  the  sugar  is  decompoaed.  As  soon  as  the  eToIution  of  carbonic  acid 
la  terminated,  a  enbstanco  previously  suspendetl  in  it,  the  ferment  or  yeast  (Ttymda 
Cfrewsia),  mjiiimtm,  partly  carried  upwards  by  adhering  gaa-bubbles,  partly  downwards^ 
leaving  the  liquid  dear,  which  then,  in  place  of  the  iiQgar,  containa  alcohol,  gly* 
ceri  n,  and  succinic  acid.  The  ycaat  formed  in  this  procesa,  if  introduced  at  about 
the  same  tempenitiire  into  a  moderatdy  dilute  aolutiou  of  pure  sugar,  indnces  therein 
also  the  decomposition  of  the  BUgar  into  the  same  products. 

The  formatiou  of  these  products  Is  represented  by  |he  following  fquataosa  : 

2C0» 


Clucot«. 


2C*H'0 
Alcohol  > 


and  49C*H"0-   +   30IPO  «  12C*H*0*   +   72C»H"0*   +   30CO».   (Pasteur.) 

By  far  the  greater  part  of  the  sugar  is  resolved  into  alcohol  and  caxbonic  anh^^ridc, 
ouly  about  4  or  6  per  cent,  being  converted  into  succinic  add  and  glyri?rLn-  The 
fortiiation  of  succinic  acid  in  vinous  fermentation  was  first  observed  by  C.  Schmidt,  in 
1847,  and  was  communicated  by  him  in  a  letter  to  Liobig^Handw.d,  Chem.  iii  224 )t 
The  formation  of  glycerin  in  this  procees  was  discovered  by  Past«ur. 

A  my  lie  alcohol  is  ab»o  frequently  produced  in  the  fermentation  of  sugar,  and  under 
certain  circumstances  tritylic^  tetry  lie,  and  according  to  Faget  (?)  hcxylic  alcohol 
(See  Alcoooi^,  i.  98.) 

Cane-sugar,  C'*H"0'*,  does  not  undergo  vinous  fennentatiDn,  till  under  the  influonee 
of  a  peculiar  substance  in  the  yeast,  or  of  a  8ul>stanco  contained  in  the  kernel  of  fhiits, 
it  has  been  converted,  with  assumption  cf  1  at,  11*0,  into  glucose,  C"H"0"  (tee  Svo4«). 
Milk-sugar  is  also  converted  into  alcohol  under  tlie  influence  of  putrid  casein  or 
glutin,  and,  under  certain  circumstances,  of  yeaitt,  tho  formatiou  of  the  alcohol  being 
preceded,  according  to  some  observera»  by  the  conversion  of  the  milk-sugar  into 
glucose.    (See  MiLK-sunajL) 

Solutions  of  sugar  containing  glutin  altered  by  tho  process  of  germination  or  of 
mashing,  undergo  on  standing  an  irregular  fermentation,  which  however  may  be 
rendered  regular  by  the  introduction  of  a  small  quantity  of  yeast.  Such  ia  the  eai*  in 
the  fermentation  of  beer- worts  (Urc,  J.  pr  Chem.  xix,  183),  When  ^buminous 
substances,  glutin,  casein,  or  substances  of  hke  nature,  are  introduced  into  sugar-JolQ- 
tiona,  and  the  liquids  are  exposed  for  some  time  to  the  air,  sometimes  vinous  fermentir 
tion  takes  place,  sometimes  another  kind  of  decomposition. 

A  sugar-solution  mixed  with  yeast  ferments  immediately,  but  tbe  jnloe  of  gn^M 
and  other  fruita  requires  access  of  air  to  bring  it  into  the  fermenting  state. 

Air  previously  heated  to  redne«8  cannot  induce  fermentation  in  a  solution  of  sugar, 
which  has  been  mixed  with  yeast  and  then  boiled,  because,  for  the  commencement  of 
the  process,  either  unboiled  organic  matter  or  unignited  air  which  can  supply 
the  vegetable  germs  is  necessary  (Schwann,  Pogg.  Ann.  xji,  187;  Ure,  J.  pr.Chom. 
xix,  187).  l^ine-must,  boiled  and  enclosed  in  a  bladder,  does  not  ferment  even  if 
suspended  in  fermenting  must.  It  ifppcara,  indeed,  that  the  aceesa  of  a  solid  body  from 
the  air  is  essential  to  vinous  fermentiition,  so  that  oxygen  gas  evolved  from  wat^  hf 
dectrolysis  is  incapable  of   bringing  boDed  grape-juice  into  the  fennenling    at«le 


I 
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(Holmholz,  J.  pr.  Chcm.  zxxi.  434).  The  ferment  of  the  air  may  likewise  be  re- 
trained by  filtration  through  cotton ;  consequently  sweet  malt-wort  in  contact  with 
filtered  air  does  not  ferment  even  for  weeks.  (Schroder  andDusch,  Ann.  Ch.  Pharm. 
Izzxix.  332.) 

Fresh  grape-juice  which  has  never  come  in  contact  with  atmospheric  air,  suffers  no 
alteration  for  years  when  kept  over  mercuiy  at  a  temperature  between  26°  and  28°  C, 
If  oxygen  gas  previously  heated  to  redness,  or  filtered  through  cotton  be  brought  in 
contact  with  it,  the  juice  after  some  hours  becomes  darker,  absorbs  the  oxygen  and 
nves  off  carbonic  anhydride,  but  no  fermentation  takes  place  even  after  a  long  time. 
Common  air,  inasmudi  as  it  contains  bodies  capable  of  forming  yeast-cells,  or  the 
yeast-cells  themselves  (even  such  as  have  never  been  in  contact  with  the  air),  can  set 
up  vinous  fermentation,  the  continuation  of  which  is  promoted  entirely  by  the  growth 
of  the  yeast-ceUs.    (Van  d  en  Broek,  Ann.  Ch.  Pharm.  cxv.  76.) 

The  fungi  difiiisea  over  the  surfiice  of  fruita,  leaves,  and  fruit-stalks,  likewise  induce 
fermentation  in  saccharine  liquids.  If  to  a  fermentable  fruit-juice  mixed  with  sugar, 
there  be  added  2  measures  of  water,  the  whole  violently  and  continuously  shaken,  and 
the  liquid  which  has  become  specifically  lighter,  set  aside,  the  cells  of  the  fungi  rise  to 
the  surface,  and  there  give  rise  to  formation  of  mould,  but  no  fermentation  takes  place 
within  the  liquid.     (H.  Hoffmann,  Ann.  Ch.  Pharm.  cxv.  228.) 

If  the  motes  fioating  in  the  air  are  collected  in  cotton  or  asbestos  contained  in  a 
tube  through  which  the  air  is  drawn,  and  introduced  into  sugar-solutions  which  have 
been  well  boiled  and  cooled  again,  and  are  mixed  with  the  mineral  and  albuminoidal 
constituenta  of  yeaat,  they  develop  into  infusoria  tLndmucedineat  even  if  only  ignited 
aiir  has  access  to  the  liquid.  Sugar-solutions  mixed  with  the  same  yeast-constituents, 
but  not  containing  this  dust,  undergo  no  alteration  between  28°  and  30*^  C,  not  even 
when  cotton  or  asbestos  alone  is  introduced  into  them.  The  same  liquid  remains 
unaltered  if  boiled  in  a  glass  fiask,  the  neck  of  which  is  bent  so  that  no  dust  can  fall 
into  it,  the  fiask  being  t^«rwards  left  unclosed.     (Pasteur,  Compt  rend.  1.  303). 

The  better  a  saccharine  liquid  is  adapted  for  the  nutrition  of  yeast-cells,  the  more 
easily  will  they  be  developed  (from  the  above-mentioned  bodies  in  the  atmosphere), 
when  air  has  access  to  tlie  liquid.  Thus,  vinous  fermentation  is  almost  always  set  up 
when  the  clear  filtered  wash-water  or  the  decoction  of  yeast  (which  contains  the  soluble 
mineral  and  albuminoidal  constituents  of  that  substance)  is  mixed  with  sugar-solution 
and  left  to  itself  (as  observed  long  ago  by  Colin) ;  it  is  fi^uently  also  accompanied  by 
lactous  fermentation ;  but  the  latter  very  seldom  takes  place  alone,  unless  the  wash- 
water  of  previously  altered  yeast  has  been  used.     (Pasteur.) 

The  vinous  fermentation  of  sugar  is  likewise  induced  by  the  peculiar  ferment  of 
madder  (Schunck's  erythrozym)  in  contact  with  air,  especially  if  this  substance  is  in 
a  state  of  decomposition.  A  mixture  of  carbonic  anhydride  and  hydrogen  is  evolved, 
and  the  liquid  after  14  days  contains  alcohol,  acetic  acid  (perhaps  also  formic  acid),  a 
small  quantity  of  succinic  acid,  and  a  sweet  brown  uncrystallisable  body,  probably 
glycerin,  but  no  lactic  acid.  The  same  effect  is  likewise  produced  by  the  brown  pre- 
cipitate formed  by  adding  a  small  quantity  of  hydrochloric  acid  to  an  aqueous  infusion 
of  madder  after  it  has  been  rendered  alkaline  by  lime-water.  (Schunck,  J.  pr.  Chem. 
Ixiii.  222.) 

Yeast  consists  of  very  small  microscopic  round  or  egg-shaped  balls  (Leuwenhoeck, 
Cagniard  de  Latour),  of  j^  mm.  diameter  (Blondeau).  These  balls  are  vege- 
table cells  (Cagniard  de  latour),  with  elastic  walls,  filled  with  a  liquid,  and  a 
soft,  homy  mass,  which  latter  is  at  first  attached  to  the  walls,  but  extends  to  the 
middle  as  the  cell  grows.  Young  cells  aro  transparent,  and  almost  destitute  of 
granular  contents  (Mitscherlich,  Pasteur).  These  celb  multiply  by  gemmation 
(Cagniard  de  Latour,  Mitscherlich);  the  newly-formed  cells  do  not  separate 
from  the  central  cell  till  they  have  attained  to  nearly  the  same  size  (Past  eur).  They 
always  remain  isolated,  and  never  form  ramifications  or  elongated  cells,  like  those  of 
lactous  ferment.     (Blondeau.) 

According  to  Cagniard  de  Latour,  Turpin,  and  Mitscherlich,  yeast-cells  also  increase 
by  bursting  and  Effusing  their  granular  contents  through  the  liquid,  the  granules 
then  developing  into  cells.  Schlossberger  and  Pasteur  did  not  observe  this  mode  of 
formation,  which  is  likewise  inconsistent  with  the  uniform  size  of  the  free  yeast  cells. 
Yeast  contains  cellulose,  fat,  nitrogenous  and  mineral  substances.  See  analyses  of 
yeast  by  Payen  {Mkm.  des  Savants  etrangers,  ix.  32):  Dumas  {TraiU  de  Chimie); 
Mitscherlich  {Lehrb.  4  Aufl.  370);  Shlossberger  (Ann.  Ch.  Pharm.  11  193). 

The  yeast  deposited  in  the  vinous  fermentation  of  beer,  of  diabetic  urine,  of  grape- 
juice,  or  other  natural  fruit  juices,  is  invariably  of  the  same  composition  (Quevenne, 
J.  Pharm.  xxiv.  266).  In  commercial  beer-veast,  the  cells  of  Torvula  cerevisia  and  of 
PenicUlium  glaucum  may  bo  distinguished  by  the  aid  of  the  microscope.  These  two 
fungi  may  be  separated  one  from  the  other,  by  washing  and  filtration,  the  larger  ceila 
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of  the  Thrifuld  remaining  on  the  filter  (and  «tcitiog  tuidub  fermentation  whan  iBlio<^ 
du<^ed  into  sagar  ttuJutiom),  while  the  smaller  cells  of  the  PinieiUium  puss  tiisoogli  the 
fiitf>r,  aud  conaequeatly  the  filtrate  excites  lactic  add  fermentation  in  sttgar-solntio&L 
(Blondeau,) 

On  the  distinction  betweon  top>  and  bottom-jreafit^  see  the  article   Bssb  (L  629); 
alaoMitscherlich  (Fogg.  Ann.  Ujl  94),  R  Wagner  (J.  pr.  Chem.  xlv.  241);  m^ 
beer-jeast  in  general,  Colin  (Ann*  Ch.  Phys.  xxx.  42). 

F«rmentatioii  takes  phice  only  when  the  eolutioQ  is  BulScientlT  dilntod  with  ' 
with  lesB  than  4  pta  water  to  1  pt  sugar,  it  takes  place  but  imperfectly  or  iK>t  at  i 
partly,  perhaps,  bocanse  the  resulting  alcohol  precipitate^  the  nitrogenoTis  substsne 
destroys  the  fermentative  power  of  the  yeaet,  or  renders  the  liquid  unfit  for  its  f^^ 
derelopmenL     If,  on  the  other  hand,  the  liquid  is  too  dilute,  the  fermentation  f 
ixregulaTt  and  easily  passes  into  acetous  fiorinGntation.     Moreoyer*  it  is  D«ee9« 
the  yeast  he  in  direct  contact  ^ith  the  ttugtir-solution  r  a  solution  of  sugar  cont 
a  bladder  suspended  within  a  fermenting  liquid,  does  not  ferment^  but  merely  1 
a  littJe  alcohol  by  difFusion  (Helinholz),     When  a  tub©  plugged  with  filteriDg 
and  containing  yeiuit  is  introduced  into  a  eu^ar  solution,  tlm  solution  pac 
the  pajMr,  au'l  ferments  within  the  tube,  but  not  outside  (Mitscherlieh* 
I^hya»  [3]  vii,  7*  30).     When  a  nolution  of  sugar  contained  in  a  test-tube  is  j 
iiiio  two  p^irts  by  a  cotton  plu^.  and  jcaRt  is  ]nfToduE!>ed  into  the  upper  part,  t£is  parll 
femientii,  but  not  the  lower.     (II.  Hoffmunu^  Ann.  Gh.  Fharra.  cxv.  228.)  / 

An  increase  of  yeast  takes  place  in  fermentation^  wh^n  the  liquid,  in  ad:dition  ts 
sugar  contains  a  nitrogenous  substance.      When,  on  the  contrary,  yeast  is  left  in  coo- 
tact  with  a  pure  solution  of  sugar^  it  diminishes  both  in  weight  and  in  femaenting  power  ^ 
and,  in  the  <?nd,  becomes  totally  inactiyp.     (Payen,  Quevenne.) 

In  the  fermentation  of  pure  sugar  solutions,  the  yeast  first  increases  in  weight  I 
then  diminishes ;  because  it  first  assimilates  the  constituents  of  sugar,  and  gives  theatl 
up  Hgain  as  the  fermentation  propesees.     (Que venue,  J.  Pharm.  xxvii.  593.)  i 

Yoast  mny  grow  and  increase  in  sugar  solutions,  if  they  are  mixed  with  ajsjuoniacssl  ^ 
fslta,  yeast-ash,  and  a  trace  of  ^'east,  fermentation  then  also  ensuing. 

Yeast  grows  and  multiplies  in  pure  sugar  solutions,  iis  well  as  in  such  as  hare  been  mixed 
with  albuminous  substanws.     In  the  former  case^  all  the  yeast  cells  are  found  at  the  j 
end  of  the  fermentation  to  be  deprived  of  their  soluble  nitrogeDOUS  cooftttaenti,  which  1 
have  been  u»M  for  the  f  irmatiou  of  new  yeast  cells;  in  the  second  case  there  arefoundf 
topfether  with  the  *'xhau*«ted  celK  a  large  number  of  newly-formed  eeUa  tiled  with 
eoliiblo  mineral  and  albuminuidal  substances.     ^Pasteur.) 

Sii^ar  Boluf  ions  containing  a  suMdent  quantity  of  yeast  ferment  completely  in  two 
or  three  weeks,  unless  lactous  fermentatian  takes  place.  But  an  extremely  {HrolfMted 
fermentation  ensues  when  yeast  is  mixed  with  excess  of  sugar.  In  this  case  the  yeast 
lives  at  the  expense  of  the  soluble  nitrogenoas  substances,  sod  after  these  a»  used  up* 
the  younger  clUs  continue  to  grow  at  the  expense  of  the  older.     (Past ear.)  j 

l>uring  fermentation,  part  of  the  yeast  ij^re-solved  into  soluble  products  (Th^naTd),l 
The  ycaiit  recovered  from  pure  sugar  solutions  after  fermentation  is  less  rich  in  nttn^ 
gen  than  the  original  yea.st,  partly  because  its  weight  has  been  increased  by  the  add^'l 
tion  of  non-azoti**ed  matter  from  the  sugar,  partly  because  a  portion  of  its  own  nitrO"! 
gt5nous  substance  has  passed  into  the  solution.  On  the  other  hand,  it  contains  flkOflfl 
cellulost*  and  fat  than  before  fennentation,  which  substances  have  therefore  l>e4?n  fbcmed^ 
i^m  the  sugar.  The  yeast  formed  in  sugar  so! utions  mixed  with  ammonia-salts,  jMit- 
flsh,  and  traces  of  yeast-cells,  contains  fat,     (Pasteur.) 

The  nitrogen  of  yeast  is  not  converted  into  ammonia  during  fermentation ;  on  i 
the  contrary,  any  ammonia  that  may  be  added  disappears  wholly  or  purliallyj 
(Pasteur*) 

When  sugar  solutions  are  fermented  with  A  very  large  excess  of  yeast.,  the  formatia 
of  alcohol  and  ciirl>onic  acid  goes  on,  even  nfter  all  the  sugar  is  decomposed*  at  t' 
expense  of  tbe  non-axotised  matter  of  the  yeast,  so  that  the  amount  of  these  two 
dnrtft  obtained  is  mor^  than  equivalent  to  that  of  the  sugar. 

Yeast  lc»es  a  considerable  portion  of  its  fermenting  power  by  presaure^  and 
more  by  wawliing  with  water.  After  thorough  drying,  its  power  of  exciting  ferme 
tat  inn  is,  for  the  most  part,  destroyed :  this  statement  is  opposed  to  that  of  Cagnian 
de  Ijatour.  It  likewise  becomes  inactive  when  heated,  either  alone  or  with  watea, 
Bried  yeast  excites  fernientatton  even  after  cooHng  by  solid  carbonic  acid  (Cagniard 
de  La  tour).  Yeast  crushed  on  the  grindstone  no  longer  excit^ss  fe-nnentatiol 
(Liidersdorffi  Togg.  Lxvii.  409),  or  only  after  a  considerable  time  (Wagner) 
it  then  eicites  lactone  fermentation  (C,  Schmidt).  Yeast  altered  by  loo  Ion 
cont iimM  putr#ifact ion  is  inactive;  but  if  the  putrf'fiiction  has  been  less  prolon^ 
it  may  be  checked  and  converted  into  fermentation  by  addition  of  sugar  (Sohlo^s 
berg  or,  Ann.  Ch.  Pliann.  H.  211),    The  fermentative  power  of  yesst  is  destitiyixl  l^ 
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all  substances  which  exert  a  poisonous  action  on  fungi,  but  not  by  such  as  kill  animals 
(Schwann,  Mitscherlich,  J.  Pharm.  [3]  iv.  218).  Yeast  sprinkled  with  alcohol 
loses  its  fermentatiye  power,  which  is  not  transferred  to  the  alcohol 

The  action  of  yeast  on  sugar  is  prevented  by  too  great  concentration  of  the  solution, 
whether  due  to  alkaline  chlorides,  gelatin,  glycerin,  or  sugar  (Bert helot,  Ann.  Chim. 
Phys.  [3]  L  352).  Strong  mineral  acids,  added  even  in  small  quantity  prevent  the  fer- 
mentation, phosphoric  acid  alone  acting  favourably.   (W  a  g  n  e  r,  J.  pr.  Ohem.  xlv.  241.) 

y RM  MTATlOlf,  ikaSTOllAZiOITB.  The  conversion  of  amygdalin  into 
bitter  almond  oil,  hydrocyanic  acid,  and  glucose,  under  the  influence  of  emulsin  or 
synaptase  (i  201). 

y  B  M  MM TATIOy ,  BUTIJtOVB.     See  Fbbmbntation,  Lactous. 

TWKU  M — TATXOlf ,  OikZAOVB  or  TAXVOTTB,  A  solution  of  tannic  acid 
exposed  to  the  air,  gives  off  carbonic  anhydride,  and  is  converted  into  gallic  acid : 

Cm^H)"  +  0"  «  3C'H«0»  +  6C0«  +  2H»0. 
Tannic  add.  •  Gallic  acid. 

According  to  Stas  (Ann.  Ch.  Pharm.  xxx.  205)  and  Strecker  (ilnd.  xc.  828), 
glucose  is  foimed  at  the  same  time : 

2C«H«0"  +  8H*0  «  6C^H«0*  +  C>«H«*0»«. 

With  pure  tannic  acid  the  action  is  extremely  slow,  but  in  infusion  of  galls,  which 
contains  the  nitrogenous  matter  of  the  gall-nuts,  it  takes  place  quickly ;  still  more  so  in 
gall-nuts  merely  moistened  with  watej*.  The  change  may  be  regarded  as  a  fermen- 
tation process,  inasmuch  as  it  is  stopped  or  retarded  by  antiseptic  substances,  such  as 
alcohol,  wood- vinegar,  creosote,  and  corrosive  sublimate.  According  to  Hobiquet,  the 
fermentation  is  excited  by  the  pectase  of  the  gall-nuts,  which  at  the  same  time  con- 
verts the  pectose  contained  in  them  into  pectin. 

nSBBCSVTATZOir,  XJkOTOVB.  When  a  solution  of  glucose,  cane-sugar,  or 
milk-sugar  is  mixed  with  fresh  sour  cheese,  or  with  milk  and  chalk,  and  the  mixture  is 
exposed  to  the  sun,  or  to  a  temperature  of  26°  to  30°  C.  for  some  weeks,  with 
frequent  stirring  and  renewal  of  the  water  as  it  evaporates,  the  sugar  is  converted  into 
lactic  acid,  and  ultimately,  with  evolution  of  hydrogen  and  carbonic  anhydride  into 
butyric  acid,  the  acid  uniting  with  the  lime.  As  lactate  of  calcium  is  much  less  soluble 
than  the  butyrate,  the  conversion  of  the  former  into  the  latter  may  be  recognised,  when 
strong  solutions  oif  sugar  are  used,  by  the  diminution  of  the  crystalline  mass  produced 
at  first 

Since  glucose  and  milk-sugar  contain  C"H**0",  and  cane-sugar  differs  from  them  by 
only  1  at  water,  the  conversion  of  these  sugars  into  lactic  acid  (C*H**0*,  or  C*H*0'), 
consists  merely  in  the  splitting  up  of  a  molecule  so  constituted  into  two  or  more,  and  a 
new  juxtaposition  of  the  elementary  atoms.  The  formation  of  butyric  from  lactic  acid 
is  represented  by  the  equation : 

2C«H«0«   -    C«H«0«  +   2C0»  +   2H«. 
Lactic  Acid.      Butyric  Acid. 

In  the  preparation  of  lactic  acid  (as  above),  the  precipitate  formed  on  the  bottom 
and  sides  of  the  vessel  from  the  chalk  and  the  products  of  decomposition  of  the 
cheese  or  milk  is  found,  at  the  end  of  the  fermentation,  to  be  covered  with  a  small 
quantity  of  a  grey  substance,  the  lactous  ferment  When  tliis  substance  is  intro- 
duced  into  a  cooled  and  clear-filtered  decoction  of  beer-yeast,  together  with  from  16 
to  20  pts.  of  water,  chalk,  and  a  quantity  of  sugar  equal  to  from  5*5  to  ^  of  the  liquid, 
and  this  liquid  is  kept  at  a  temperature  of  30°  to  35°  C.  for  some  days,  a  brisk  evolu- 
tion of  carbonic  anhydride  and  hydrogen  takes  place,  the  liquid  becomes  turbid  and 
deposits  a  precipitate,  and  the  chalk  dissolves  in  the  form  of  lactate  of  calcium.  The 
new  (and  already  purer)  lactous  ferment  separated  at  this  stage  of  the  process,  if  intro- 
duced, together  with  chalk,  into  sugar- water,  produces  within  an  hour,  an  incipient  evolu- 
tion of  gas  and  conversion  of  the  sugar  into  lactate  of  calcium.  (Pasteur,  Ann.  Ch. 
Phys.  [3)  lii,  404.) 

This  ferment,  which  appears  to  be  necessary  to  lactous,  as  yeast  is  to  vinous  fermen- 
tation, is  the  Tcnicillium glaucum. 

When  lactous  fermentation  is  set  up  in  suitable  sugar-solutions  merely  left  to  them- 
selves, it  is  because  certain  bodies  present  in  the  air  develop  in  the  liquid,  into  cells  of 
lactous  ferment,  which  then  set  up  the  fennentation.  If,  therefore,  the  air  is  excluded, 
or  only  heated  air  has  access  to  the  liquid,  no  lactous  fermentation  will  take  place, 
unless  lactous  ferment  is  added.     (Pasteur.) 

Ljictous  ferment  viewed  in  the  mass,  resembles  beer-yeast ;  it  is  groy,  slightly  glu- 
tinous, and  appears  under  the  microscope  to  consist  of  very  small  spherules  of  gjg  mm. 
diameter ;  some  isolated,  others  united  in  groups,  and  possessing  molecular  motion 
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(Pas tear).  The  celU  of  PtniciUium  glaucum  hare  at  most  a  diameter  of  ^  mm.; 
they  iocrease  at  fint,  like  the  cells  of  yeast,  by  fonnation  of  new  round  eeUs,  bat  after* 
wards  by  formation  of  elongated  and  many-branched  cells^  which  nltimAtely  oorer  the 
surface  Uke  a  white  mould.     (B 1  o  n  d  e  au. ) 

A  small  quantity  of  lactous  ferment  is  capable  of  decomposing  a  large  quanti^  of 
sugar,  provided  the  liquid  is  kept  neutral  b^  chalk ;  otherwise  its  action  on  the  sogsr 
is  retarded  by  the  free  acid.  It  increases  if  nitiogenous  matter,  which  may  serre  to 
nourish  it,  is  likewise  present.  By  desiccation  or  by  boiling,  with  water,  its  action  is 
weakened,  but  not  altogether  prevented.  It  acts  best  on  sugar  when  air  is  excluded, 
inasmuch  as  the  action  is  then  not  interfered  with,  either  by  the  formation  of  mould,  or 
by  infusoria.  If  no  other  ferment  is  present,  the  la(^us  fermentation  goes  on 
regularly,  and  often  more  quickly  than  vinous  fermentation.     (Pasteur.) 

In  solutions  of  cane-sugar  containing  phosphoric  acid  and  ammoniacal  salts,  the 
Pf^idl/iujfi  glaucum  can  grow  and  convert  all  the  sugar  into  lactic  acid.  (Pasteur, 
Compt  rend.  IL  298.) 

I'revious  to  lactous  fermentation,  the  liquid  always  becomes  risooas,  in  eonsequenee 
of  the  development  of  PenicilUum  glaucum,  whose  ramifications  fill  the  liquid  to  such 
an  extent^  that  it  does  not  run  out  when  the  vessel  is  inverted.  If  this  plant  can 
(l(>velop  itself  in  sugar  solutions,  lactous  fermentation  ensues,  whether  the  liquid  is 
iioid  or  alkiiline.  If  the  liquid  abr-  contains  albuminous  substances,  these  yield 
ammonia  and  carbonic  acid  for  the  development  of  the  Pmiciilium,  and  are  partially 
converted  into  butyric  acid,  while  part  of  the  sugar  is  transformed  into  mannite. 
(Blondeau.  J.  Pharm.  [3]  xiL  267.) 

The  spontaneously  developed  fermentation  of  saccharine  juices  containing  nitrogen,  is 
sometimes  lactous,  sometimes  vinous,  most  frequently  both  together.  If  yeast  (as  is 
generally  the  case)  contains  the  cells  of  Penicillium  glaucum  as  well  as  those  of 
Torvula  cemu'sia,  vinous  fermentation  takes  place  first,  then  lactons  fermentation  at 
the  expense  of  still  unaltered  sugar  (Blondeau).  When  sugar  solutions  are  brought 
into  the  state  of  lactons  fermentation  by  cheese  (or  other  nitrogenous  substances),  the 
lactic  acid  formed  after  a  while  prevents  the  further  action  of  the  ferment^  but  after 
repeated  addition  of  acid  carbonate  of  sodium  (Boutron  and  Fr^my),  of  chalk 
(Pelouze  and  G^lis),  the  whole  of  the  sugar  is  converted  into  lactic  acid.  Slightly 
alkaline  liquids  are  best  adapted  for  the  development  of  lactous  ferment,  nentral  liquids 
for  the  development  of  yeast.     (Pasteur.) 

Sugar-solutions  undergo  lactous  fermentation  in  contact  with  Tarions  membranes, 
especially  cairs  rennet  (Fr^my,  Compt,  rend.  viiL  96,  and  ix.  166;  see  also  Gay- 
Lussac  Compt.  rend.  ix.  46),  with  diastase  altered  by  exposure  to  the  air,  with  the 
previously  altered  nitrogenous  substance  of  beet-juice,  with  decomposing  animal  bladder, 
with  whey  (Boutron  and  FrAmy,  Ann.  Ch.  Phj-s.  [3]  iL266;  Blondeau).  When 
urine  mixed  with  sugar  is  left  to  itself,  Penicillium  glaucum  becomes  derdoped,  and 
lactic  acid  is  produced.     (Blondeau.) 

The  soluble  parts  of  glutin  and  casein,  as  well  as  the  nitrogenous  liquid  which 
remains  after  vinous  fermentation,  are  peculiarly  well  adapted  for  the  dcTclopment  of 
lactous  ferment ;  consequently,  when  these  liquids  are  mixed  with  sugar  and  expost^ 
to  the  air,  lactous  ferment  is  formed  in  them,  even  if  yeast  is  added,  the  two  ferments 
then  exerting  their  specific  actions  side  by  side  (Pasteur).  See  also  Mucous  Fes- 
itRirrATioN. 

Aqueous  sugar-solutions  set  aside  for  weeks  or  months  at  40^  C,  a  lower  tempera- 
ture in  contact  with  chalk  and  cheese,  glue,  or  other  nitrogenous  substances,  undergo  a 
fermentation  different  from  the  vinous,  and  not  depending  on  the  presence  of  yeast 
In  this  fermentation,  both  the  nitrogenous  substance  and  the  sugar  are  destroyed ; 
carbonic  acid,  nitrogen,  and  hvdrogen  escape,  and  alcohol,  lactate,  and  batyrate  of 
calcium  are  produced.     (Berthelot,  Ann.  Ch.  Phys.  [3]  Iv.  861.) 

Berthelot  designates  this  reaction  Fermentation  alcohoUque,  whereas  Pasteur  regards 
it  as  lactous  fermentation. 


FBaMSVTATZOITf  MUCOVB.  This  is  another  kind  of  fermentation  which 
sugar-cane  undergoes,  likewise  under  the  influence  of  nitrogenous  substances,  and  in 
contact  with  air ;  but  under  circumstances  otherwise  not  exactly  known,  giving  rise  to 
the  escape  of  carbonic  acid  and  hydrogen,  and  the  formation  of  mannite,  a  peenliar 
gum  and  a  mucilaginous  substance. 

The  mucous  fermentation  of  sugar  takes  place  (like  vinous  and  lactous  fermenta- 
tion) under  the  influence  of  a  peculiar  mucous  ferment  This  ferment  is  composed  of 
spherules  from  0  00 1 2  to  0  00 14  mm.  diameter,  and  when  introduced  into  sugar-solu- 
tions containing  albumin  causes  the  sugar  to  bo  resolved  into  mannite,  gum,  and  car- 
bonic acid.  100  pts.  cane-sugar  yield,  on  the  average,  6109  pta.  mannite,  and  46.5 
pts.  gum,  corresponding  to  the  equation : 
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26CP«H«0"  +  13n«0  =  12C«H»0'«  +  24C«H"0»  +  12C0«. 
Gum.  Mannite. 

When  a  larger  proportion  of  gum  is  obtained,  the  liquid  is  obserred  to  contain  larger 
sphemles,  probably  belonging  to  a  peculiar  mucous  ferment.  (Pasteur,  Bull  Soc. 
Chim.  Paris,  1861,  30.) 

Mucous  fermentation  requires  access  of  air,  and  likewise  the  presence  of  nitrogenous 
matter ;  but  the  latter  is  capable  of  exciting  mucous  fermentation  even  after  boiling. 
In  this  reaction,  neither  acid  nor  alcohol  is  produced.  (Hochstetter.)  Mucous 
fermentation  is  prevented  by  sulphuric  acid,  hydrochloric  acid,  or  alum  (Des fosses), 
by  free  mineral  acids  (Hochstetter,  J.  pr.  Chem.  zxix.  30). 

The  following  are  examples  of  this  kind  of  fermentation : 

Syrup  of  cane-sugar,  which  had  been  poured  at  the  boiling  heat  into  bottles  in 
Martinique,  the  bottles  being  filled  with  it,  underwent  mucous  fermentation  on  being 
transported  to  France,  and  poured  out  into  open  vessels.  (Peligot.) 

Fresh  beet-juice  becomes  gummy  by  contact  with  air,  and  then  contains  mannite,  gum, 
lactic  acid,  and  uncrystallisable  sugar.  These  changes  take  place  with  greater  facility, 
when  fermenting  beet  juice  is  added  to  the  fresh  juice,  even  when  the  greater  part  of  the 
nitrogenous  matter  has  been  removed  by  lime,  and  whether  the  quantity  of  free  alkali 
present  is  great  or  smalL  Alcoholic  fermentation  sometimes  sets  in  if  the  acid  is 
neutralised  (Hochstetter).  When  carrot-juice  is  left  to  itself  between  30°  and 
40°  C,  the  cane-sugar  which  it  contains  is  converted  into  glucose,  mannite,  lactic 
acid,  and  a  gum  isomeric  with  gum  arabic.    (Tilloy  and  Maclagan.) 

The  expressed  juice  of  mangold-wurzel  bcmns  to  ferment  in  3^  days,  and  the  fer- 
mentation is  complete  in  2}  days.  From  the  solution  clarified  and  evaporated  to  a  syrup, 
alcohol  of  80  per  cent  precipitates  a  glutinous  mucus,  and  the  filtrate  yields  crystals  of 
mannite.  K  the  mucus  be  washed  with  alcohol,  its  aqueous  solution  precipitated  with 
basic  acetate  of  lead,  the  washed  precipitate  decomposed  under  water  by  sulphydric 
acid,  and  the  filtrate  evaporated  to  dryness,  a  transparent,  slightly  coloured  gum  is 
obtained.     (Kircher,  Ann.  Pharm.  xxxi.  337.) 

The  juice  of  the  siigar-cane  contains  a  white  non-azotised  (?)  substance  which 
becomes  brown  and  moist  in  contact  with  the  air,  is  soft  and  difficult  to  dry,  soluble 
in  water,  insoluble  in  alcohol  and  ether,  and  is  precipitated  from  its  aqueous  solution 
by  oxide  of  lead,  mercurous  salts,  and  alcohol.  It  converts  sugar  into  a  substance 
intermediate  between  starch  and  glutin,  this  substance  being  formed  quickly,  and 
somewhat  abundantly  in  83rrup8,  and  rendering  them  viscid,  ductile,  and  uncrystal- 
lisable. If  therefore,  the  juice,  after  being  treated  with  lime,  is  left  to  stand  for 
48  hours,  a  jelly  is  produced,  from  which  alcohol  throws  down  a  soft  white  nacreous 
precipitate,  which  dries  up  to  a  nacreous  mass,  dissolves  but  sparingly  in  hot  or  cold 
water,  even  when  moist,  but  swells  up  in  it  to  a  transparent  mass,  and  when  treated 
with  nitric  add,  yields  nothing  but  oxalic  acid.  This  mass  is  not  coloured  by  iodine, 
or  converted  into  sugar  by  dilute  acids,  and  does  not  give  off  ammonia  on  dry  distil- 
lation. It  is  found  abunoantly  at  the  bottom  of  the  vats  in  which  molasses  is  left  to 
ferment  for  the  preparation  of  rum.    (Plagn  e,  J.  Pharm.  xxvi.  248.) 

Lemonade  containing  sugar,  volatile  oi^  citric  acid,  and  condensed  carbonic  acid, 
loses  its  fiuidity,  and  becomes  gummy  by  long  keeping,  especially  in  winter.  If  the 
gummy  liquid  oe  precipitated  by  alcohol,  and  the  precipitate,  which  is  friable  when 
dry,  washed  with  alcohol,  there  remains,  after  drying  at  100°  C,  a  viscid,  semi-transpa- 
rent, homy  mass,  while  the  alcohol  takes  up  a  brown  uncrystallisable  sugar.  This 
mass  recovers  its  former  appearance  when  cold  water  is  poured  upon  it,  and  forms  with 
boiling  water  a  gum  which  is  difficult  to  filter,  is  not  coloured  by  iodine,  does  not  re- 
duce potassio-cupric  tartrate,  or  precipitate  basic  acetate  of  lead,  and  yields  oxalic  add 
with,  nitric  add. 

When  yeast  is  well  washed  with  cold  water,  then  boiled  with  water,  and  ^  part 
sugar  dissolved  in  the  filtrate,  the  liquid  after  a  few  days  becomes  turbid  and  tenadous, 
like  decoction  of  linseed.  At  the  same  time,  a  mixture  of  carbonic  acid  and  carbonic 
oxide,  in  varying  proportions,  is  evolved.  This  fermentation  lasts  about  12  days ;  for 
a  shorter  time,  between  20°  and  25°  C. ;  it  takes  place  also  out  of  contact  with  air,  and 
is  exdted  even  by  yeast  which  has  been  boiled  out  with  water  (Desf  osses,  J.  Pharm. 
XV.  602).  Under  similar  circumstances,  lactous  fermentation  may  likewise  take  place. 
[On  Mucous  Fermentation,  see  also  Vauquelin  (Ann.  Ch.  Phys.  xx.  93.)] 

Water  boiled  with  glutin,  produces  in  cane-sugar  solution  the  same  chanse  as  de- 
coction of  yeast  In  contact  with  sugar-solution  for  24  hours  at  25°  C,  it  gives  off  a 
smaller  quantity  of  gas  than  the  decoction  of  yeast,  and  renders  the  liquid  gummy. 
The  gaseous  mixture  contains  hydrogen  in  larger  proportion  to  the  carbonic  add  than 
that  which  is  evolved  by  decoction  of  yeast  After  the  completion  of  the  mucous 
fermentation,  the  liquid  ia  still  very  sweet,  but  so  thick  that  it  nins  out  in  threads 
when  the  vessel  is  inverted ;  vhen  evaporated  it  leaves  a  non-crystallisable  leddne,  and 
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on  treating  this  with  alcohol,  a  Bact^bariferous  gura  remains  tmdisHoIved.  If  tho  ro*jj 
miiinder  of  the  sugar  be  extracted  firom  this  gura  by  fennentation  with  yeast,  ther^fuel 
obtdiuedt  for  every  100  parts  of  sugar  deoompoaed  by  the  mucous  fcrmentatioa,  109*4^1 
parts  of  a  pale  yellow  insipid  gam^  whieb  yields  acuxsdy  any  mucic  acid  when  treatr* 
with  nitric  acid«  is  les^  soluble  in  water  than  gum-arabic,  and  yields  a  thicker  maoi]a| 
than  the  latter,    (DesfoBSos.) 

rSKIlSEirTA.TX03r,  PSCTOVS.  Many  unripe  fruits,  fleshy  roola,  and  i 
parts  of  plants  contain  a  ffubtttanco  insoluble  in  water^  alcohoU  and  ether  (Fremy^a^ 
peetose),  which,  during  the  ripening  of  the  fmit,  is  converted,  undeT  the  Lofluenec  of  a  i 
ppcnliar  ferraetit  callod  pectaso,  inloTarions  gelatinous  substances  which  arc  '  '  '  - 
water,  tiz.  pectin,  parapectin,  and  porhiips  pe^'tic  acid  in  the  ripe  fruit,  and 
acid  in  the  over- ripe  fruit.  This  is  callod  pei^tous  fermentation  {Gtm.  xr.  U.. ,,  _  ,(>  , 
Pectin. 

TWKXm^TATtOv,  SACCHiLltOXrs*  The  conremoD  of  starch  into  suga?  ] 
under  the  iofluenoa  of  diastuae  (pp.  319,  02o), 

711&9fC&9TATZOir,  mtMA.90Wm,  The  formation  of  Tolatile  oil  of  mustard  ] 
from  bkck  umutard  Hee4  by  the  action  of  myrosin  on  myronic  a^d  ^p.  624). 

FIIRIIKmrTiLTZOir,  TJUnrODB.     Seo  FEUfSNTik-noiF,  Gallot75. 

X*ERfai:BrTATX017<  URXSroirs*  This  term  is  applied  to  the  conversion  ) 
urea  in  solution  into  carbonate  of  ammonia.  Urea  dissolved  in  pure  water  remaiitfiJ 
uoalteredt  but  in  the  urine^  which  like  wise  contains  mucus  and  other  nitrogenous  mb^l 
stances,  it  changes,  with  variouH  degrees  of  rapidity,  into  carbonate  of  ammonia.  lal 
presence  of  yeast  the  change  takes  place  Tciy  quickly.  (C.  Schmidt,  Ann.  Ch.  Pharm*  T 
Ixi,  168,) 

rX&M£lffTATIOV,  VXVOfTfl^     (See  p.  627.) 

FSainilirTATZOH'i  VXSCOVS.     Syn.  with  FssMBNT^TtOK,  Mucous  (p,  633). 

V£&llE£lfT-OI&S-  (Qm.  xiy,  403.) — These  are  Tolatile  oils,  produced  by  the  fer^  ] 
mentation  of  vanoua  plants,  not  originally  contained  therein,  and  essentiall/  difierent  I 
from  the  oils  which  are  extracted  from  u^fermented  plsnte  by  distiUation  with  water. 
According  to  Becker  (N.  Br.  Arch.  It.  161),  they  were  known  to  the  alchemists,  and 
by  them  dcaignatod  guinUscenca,    B  li  c  h  n  e  r  ( Reptrt.  liii.  299 ),  in  1835,  first  separated  j 
an  oil  of  this  nature  from  the  fermented  herb  of  Erythrcpa  C^^ntawium  by  distillation*  J 
— FermentHDils  are  for   the  most  part  much  more  soluble  in  wiler  than  ordina  ^ 
Tolatile  oils.     According  to  Berzeliubi   (Jahresber.   xxvii.   541),  they  are   perhap 
peculiar  alcohols,  related  to  fusel^oH,  and  forming  compound  ethera  widi  salt-rttdiclflfl 
and  acids.  [ 

1*  Fermmt'oU  of  CharffphyUnm  »ylve*trt.^-l!h.^  flowering  plant  is  left  to  ferment  in  1 
water;  the  liquid  dL*jtUIed  when  the  fermentation  ia  ended;  the  distillate  mixed  witJi  j 
common  salt,  and  shaken  up  with  ether ;  and  the  ether  removed  from  the  squeouA  I 
solution  and  left  to  evaporate ;  the  ferment H>il  dissolved  iu  it  is  then  left  behind.  ] 
It  is  brown,  lighter  than  water,  with  a  strong  and  peculiar  pungent  odour,  and  un  1 
aromatic  taste,  not  bitter,  but  slightly  scratdiing.  Evaporates  quickly  even  at  18*^  C; 
bums,  when  set  on  fire,  with  a  clear,  luminous  flame^  dififusing  a  vupour  which  excites  j 
coufihing,— 'CA/orfTMj-Kfaifer  converts  it  into  yoDow  flocks  retaining  the  odour  of  ihc  oiL  I 
It  dissolves  iodine.  It  is  decomposed  with  violence  by  nitric  acid.  By  t>i7  <^  vitrwik 
it  is  coloured  brown,  without  lo^jing  its  odour ;  the  solution  is  rendered  milky  by  water.  * 
It  forms  an  emulsion  with  aqtiecm  ammonia,  difis<!>lTes  sntmngly  in  wattr^  easily  in 
alcohot,  tiher,  and  oih^  hoth^ed  wad  iHiUtik.  It  diaaolves  i^esin.  (Bley,  N.  '^" 
Arch,  adv.  50.) 

2.  Ffrment'Oil  of  Chclidonium  majiis. — Obtained  from  tlie  root*,  in  the  same  manned  | 
as  the  ferment-oU  of  Chmrophyllum  sytm^trff.  Lighter  than  wat^sr;  has  an  agreeabl*! 
odour  like  the  bouquet  of  wine,  and  a  persL«;tent,  biting  taste.  It  is  not  very  volatileu  f 
With  iodinui  it  forms  a  violet  solution.  With  nitric  acid  it  evolves  nitrous  gas,  and] 
with  sulphuric  acid  it  forms  a  slightly  coloured  solution  which  is  scarcely  cIoudcKi  by  j 
water.  It  dissolves  sparingly  in  water ^  readily  in  alcohol^  ether,  and  oUa,  both  f^rtd  and  \ 
volatik,     (Bley,  N.  Br,  jiVrch.  xlviii,  166.) 

3.  Ftrmcnt-rdf  of  Conium  macuiutHtn, — Obtained  from  fre«h  hemlr»<?k  in  the  same 
manner  rus  the  ferment-oil  of  CharophyUum  syiff^trc.  Colourless ;  has  a  peculiar  odour, 
not  like  that  of  hemlock,  and  a  sharp,  burning  taste ;  it  is  not  poisonous.  Dissolveii 
with  facility  in  a/cohol,  tiher,  and  oils,  hoih  Jixtd  and  volatile.  (Laudercr,  Erpcrt 
xliv.  237.) 

4.  Frrinati-oil  of  En/thrtra  Cmtaurium. — The  plant,  after  maceration  in  water  for 
13  hours,  gives  off  a  perceptible  odour,  wliieh  iiicre:isc3  up  to  00  hours  raacenition  and 
then  oeaecs  (Buchner.)    The  aqueous  distillate  is  pale-yellow,  with  white  turbidity ; 
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has  a  persistent  enliyening  aromatic  odour,  which  ia  not  pleasant  when  close,  and 
irritates  the  eyes  and  nose ;  its  taste  is  excessively  burning,  Uke  that  of  creosote,  but 
not  persistent  It  reddens  litmus,  but  not  permanently  (Biichner,  Rt^erU  liiL  303), 
and  when  heated  with  ammonia  and  nitrate  of  silver,  reduces  the  solution  to  the  me- 
tallic state  (Buchner).  To  prepare  the  oil,  the  fresh  herb  is  macerated  in  water  for 
48  hours,  the  whole  distilled,  tne  odoriferous  distillate  redistilled,  and  this  process  con- 
tinued as  long  as  drops  of  oil  pass  over  with  the  watery  vapour.  It  is  a  thin  greenish 
oil,  having  a  peculiar,  but  not  disagreeable  odour;  it  is  not  poisonous.  (Buchner, 
Repert,  liil  299.J 

6.  Ferment-ou  ofEchium  vulgare, — ^The  plant  in  the  flowering  state  is  distilled  with 
water  after  maceration ;  the  distillate  is  shidcen  up  with  ether,  and  mixed  with  common 
salt ;  and  the  ether  decanted  therefrom  is  distilled  off.  Pale  yellow  oil  lighter  than 
water,  and  smelling  like  other  ferment-oils.  Easily  soluble  in  alcohol  imd  in  ether» 
(Bley,  N.  Br.  Arch.  xxx.  167.) 

6.  Ferment-oil  of  Erica  vulgaris, — The  fresh  herb  is  distilled  after  maceration  with 
water ;  the  distillate  is  cohobated  and  repeatedly  distilled  after  addition  of  common 
salt,  then  shaken  up  with  ether  as  long  as  the  ether  acquires  any  odour ;  and  the  ether 
is  carefully  distilled  off  from  the  dissolved  oiL  The  oil  obtained  amounts  to  0'023  per 
cent.  Greenish-yellow,  mobile,  lighter  than  water,  with  a  peculiar  odour,  and  a 
sweetish,  aromatic,  burning  taste ;  reddens  litmus.  When  set  on  fire,  it  bums  with  a 
clear,  blue-edged  flame,  without  leaving  an^  residue.  It  is  not  deodorised  by  chlorine- 
water.  It  dissolves  iodine  without  detonation.  W\\h  fuming  nitric  acid,  it  froths  up, 
and  the  solution  mixed  with  water  deposits  resinous  flakes.  With  eulphuric  acid,  it 
becomes  darker,  without  losing  its  colour.     (Bley,  N.  Br.  Arch.  ^nri.  302.) 

7.  Ferment-oil  of  Marrubium  vulgare, — The  comminuted  herb  ia  soaked  in  water 
and  exposed  to  the  sun,  whereby  it  acquires  an  offensive  odour ;  the  liquid  is  then 
distilled ;  the  distillate  saturated  with  common  salt ;  the  flocks  thereby  separated  are 
collected  on  a  filter  and  dissolved  in  ether ;  and  the  ether  is  left  to  evaporate  slowly. 
The  distillate  saturated  with  common  salt  yields,  when  heated,  a  second  aqueous  dis- 
tillate from  which  the  oil  may  be  extracted  by  agitation  with  ether.  It  is  lighter  than 
water ;  has  a  peculiar  sweet,  ethereal  odour,  and  an  aromatic,  slightly  biting  taste. 
When  set  on  fire  it  bums  with  flame,  without  leaving  charcoal.  It  dissolves  in  dilute 
nitric  acid,  and  yields. a  bitter  substance  with  strong  nitric  acid.  With  eulphuric  acid 
it  becomes  heated  and  acquires  a  peculiar  odour.  With  chlorine-toater  it  emits  an 
odour  of  roses  and  forms  a  fllm  of  resin.  It  dissolves  in  aqueous  alkalis  and  in  water, 
(Bley,  N.Br.  Arch.  X.  67.) 

8.  Ferment-oil  of  Achillea  Millefolium, — The  fresh  flowering  plant  is  macerated  in 
water,  and  left  to  ferment ;  the  whole  is  distilled,  with  cohobation  ;  the  blue  oil  which 
floats  on  the  distillate  is  removed  ;  the  ilbidual  water,  after  addition  of  common  salt, 
is  agitated  with  ether ;  and  the  ether  which  separates  is  left  to  evaporate.  Yellow- 
brown  oil,  having  a  slightly  aromatic  odour,  and  an  aromatically  bitterish,  rather  sharp 
taste.  It  dissolves  in  alcohol^  ether,  and  oils,  both  Jixed  and  volatile,  (Bley,  N.  Br. 
Arch.  XXX.  167.) 

9.  Ferment-oil  of  various  species  of  Plantago, — Obtained  from  plantain-leaves  by 
fermentation,  distillation,  and  agitation  of  the  distillate  with  ether,  in  the  same  manner 
as  the  ferment-oil  of  Achillea  Millefolium.  It  is  yellow,  transparent,  has  an  ethereal 
odour  slightly  resembling  that  of  mustard-oil,  and  an  aromatic,  sweet,  burning  taste. 
Very  volatile.  With  fuming  nitric  acid  it  turns  brown,  with  rise  of  temperature  and 
intumescence ;  the  solution  flrst  becomes  greenish-yellow  with  milky  turbidity,  then 
clear,  smells  like  artificial  musk,  and  has  a  disgustingly  bitter  taste.  With  sulphuric 
add  it  forms  a  dark  brown-red  mixture,  from  which  water  separates  resinous  flocks 
smelling  of  resin  and  ferment-oiL  It  dissolves  in  alcohol^  ether,  and  oils,  (Bley,  N. 
Br.  Arch.  xl.  130.) 

10.  Ferment-oil  of  Querous  Bohur. — Obtained  from  fresh  oak-leaves  by  fermentation, 
distillation,  and  treatment  of  the  distillate  with  ether  in  the  same  manner  as  the  fer- 
ment-oil of  Achillea  Millefolium.  Pale  green.  Specific  gravity  0'696 ;  has  an  agreeably 
enlivening  odour,  a  sweet,  burning  taste,  and  reddens  litmus.  It  is  easily  infiamraable, 
bums  with  penetrating  odour,  and  with  a  first  bluish,  then  whitish,  non-fuliginous 
flame.  With  fuming  nitric  acid  it  froths  up  and  becomes  very  hot,  but  does  not  lose 
its  odour.  With  svJphuric  acid  it  becomes  hot  and  assumes  a  dark  red-brown  colour. 
It  dissolves  sparingly  in  water,  readily  in  alcohol,  ether,  and  oUs,  hoth.  fixed  and  volatile. 
(Bley,  N.  Br.  ArcL  xxvl  48.) 

1 1.  Fermrnt-oil  of  Salix  pentandra. — Obtained  from  fresh  willow-leaves  in  the  same 
manner  as  the  ferment-oil  of  Achillea  MiUcfoUum.  Yellow,  lighter  than  water ;  has 
an  aromatic  odour,  like  than  of  castoroum,  and  at  the  same  time  like  that  of  willow- 
loaves  ;  reddens  litmus.  Smells  strongly  when  heated,  and  bums,  when  set  on  fire, 
with  a  very  smoky  flame,  leaving  a  small  quantity  of  charcoaL    Dissolves  iodine 
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ftVdiiirtlT.    Wha   f'Mmerus  mtrv  €.rid  i:  frocai  «p  mai  A^A— ^  bat  does  not  take 

12.  /VT/vr^iT  c/Sc.  nc  9'i^tfvuL^O^CKaed  fran  t^  fipedihab,  Iik«  the  f^noeot- 
'.  L  ci  A£kL^4a.  Jiu^/:*nn.  iHsk  T^-hpywa^  wish  &  RpvSsre,  cthemL  sweetiah  odour, 
ftai  «^  trj=jcis  rimj^.  It  iiai:CT««  ffpuiaaSr  is  wcUt,  easSr  and  in  all  proportions 
:3  fi^c *-'.'.  <?i^.  «=.•£  o«^.  Vi-th  .xffi^  aarl  vjiatAu  It  fijma  a  liniment  vith  aqwtouz 
c*aw:]n4.  az^i  ij  T«rr  ^ati^t  diMcIrcd  W  dfMow  ^frteai.     (Bier,  N.  Be.  Azcb.  IL 

13.  FfrrufT.z^.ti  rf  T'i/M'^'i  jil-mmmvi.—Olt^aed  Hke  the  fement-oa  o£  AekSUm 
74'uJUf  Jiiy^iK.  fira  tie  uri^i  plast.  ersn  after  it  haa  been  wll  boiled  vith  vstcr  and 
-o  lo£2»r  Lm  a  b:r>r  ibmH.  br  f-«inestadoB.  di*tii2ation.  aatvrating  the  distillate  vith 
rmasr/jZi  salt,  acd  »haki=z  it'vp  vith  ether.  It  ia  pale  jeOov,  titter  thain  vater, 
wm^Xa  stros«LT  aros^ati'^  like  the  ferme=t  oH  of  Tyumago  farfara  ;  its  taste  is  at  first 
-  Gjnin;;  asi  rr««tiAh.  afterviris  aromarie.  When  *€t  cm  firt,  it  bnraa  vith  a  blue, 
f^'J^ktlT  fnlizic- '^is  fiaaie:.  gi^inz  off  ftrc'CZ-enKOing  Tapoun  vhieh  excite  coughing;  and 
:<»Te9'a  snull  q:;ax:t:tT  of  charccaL  It  di^aoirea  iparin^y  in  voter,  casilj  in  aleokal 
•aA  €tk^.    fBlej,  Jahrb.  pr.  Phaxm.  iL  207.> 

14.  /Vrmenr-oJ  </  Tiurdaffo  farfjra. — ^The  frtsh  braised  herb  is  macerated  in 
vater  for  10  or  12  dzjn^  daring  vhich  it  tarns  light  fijeen,  and  aeqnirea  the  odour  of 
(tickled  ^berkics:  th«  vho>  v  then  distillcil :  the  distillate,  vhich  hais  a  rinona  odoor  is 
Mtant^  vith  common  salt  and  redistiiltd :  this  second  distillate  is  shaken  np  vith  a 
large  quantitr  of  ether ;  and  the  ether  is  taken  off  and  eraporated,  the  dissolred  oil 
then  remaining  behind.  Yellovi^h,  lighter  than  vater,  rerj  volatile,  vith  a  pecoliar, 
strongir  aromatic,  penetrating  odour,  and  an  aronutic  taste,  neither  boming  nor  cool- 
ing.  It  easilr  takes  fire  and  bums  at  first  vith  a  vhitiah,  aftervarda  vith  a  reddish, 
soot  J  flame.  '  It  dissolrea  iodine  abnndantlr.  di^eolres  in  snlphniic  acid  vith  jellovish 
eoloor,  vithont  losing  its  odoor,  and  tnms  brovn  vhen  heated  vith  iL  With  potash 
it  is  said  to  form  a  vbitish  soapy  componnd.  It  diasolres  sparingly  in  water,  readily 
in  alcohol  and  ether.    (Bley,  Repert  IxiL  406.) 

16.  Ftrment-oil  of  Urtica  urciu. — Obtained  like  the  ferment-oil  of  AekiUea  itille- 
frAium^  ftom  the  flovering  plant,  vhich,  during  fermentation,  emits,  first  a  rinona,  then 
a  sharp  and  intoxicating  odour.  Resembles  the  ferment-oil  of  Echium  vifgare. 
(Bley,  N.  Br.  Arch  xxx.  167.) 

19.  Frrmfnt-oil  of  VitU  vinifera. — Fermented  vine-leaves  are  distilled  ;  the  distillate 
is  cohol>ated  and  shaken  up  vith  ether ;  the  ethereal  solution  is  distilled ;  and  the 
ethf^eal,  peculiar-smelling  distillate  is  rectified ;  the  ferment-oil  diasolved  in  it  then 
remains  behind.  Pale  yellov,  lighter  than  water ;  has  a  peculiar  vinous  odour,  like 
vine-flowers  and  mignonette,  and  a  burning,  sweetish,  aromatic  taste.  It  reddens 
litmus  slightly  but  permanently.  It  evapoAtes  in  the  air,  diflfusing  a  strong  odour. 
Iterated  vith  fuming  nitric  acid^  it  resinises  and  assumes  a  grass-green  colour.  With 
sulphuric  acid,  it  forms  flrst  a  white,  then  a  light-red,  and  ultimately  a  brovn 
mixture,  without  losing  its  odour.  It  is  not  deodorised  by  agitation  vith  chlorine 
water.  With  aqueous  potash  it  forms  a  clear  mixture,  from  which  the  oil  aftervards 
separates,  with  red-brown  colour,  but  with  its  original  odour.  It  dissolves  sparingly 
in  water^  without  alteration  in  hydrochloric  and  acetic  acid.  With  sulphide  of  carhon 
it  forms  a  milky  liquid,  from  which  it  afterwards  separates  unaltered ;  vith  carbonate 
of  potassium^  a  liniment  from  vhich  it  also  separates  unaltered  ;  vith  aqttetms  ammonia 
a  soiipy  mixture.  It  dissolves  abundantly  in  alcohol,  ether,  and  fxed  oils  ;  in  od  ff 
turpentine  and  oil  of  lemon,  it  forms  at  flrst  a  milky  solution,  which  aftervards  becomes 
clear.     (Bley,  Report.  Pharm.  Ixviii.  301.) 

An  oil,  different  from  that  just  described,  may  be  obtained  from  vine,  by  leaving  it 
to  fr(>eze,  distilling  off  the  volatile  part  of  the  remaining  liquid,  and  shalong  up  the 
residue  with  ether.     (Bley.) 

17.  Frrment'oil  of  diseased  Apples. — jMalo'il,  Oil  of  Apples. — Produced  in  cellulo- 
stasis,  a  dineasc  of  the  apple,  vhich  imparts  aTnusky  odour  to  that  fruit.  It  is  obtained 
fix>m  the  diseased  apples  by  distillation  with  water.  Yellowish-grey,  lighter  than 
water :  boils  at  109<*  C.  Smells  of  musk,  tastes  rough  and  sharp.  Contains  64-15  per 
cent.  C,  20 65  II,  15*  15  0,  and  005  N.  It  volatilises  completely  when  heated^  and 
bums,  when  set  on  fire,  with  a  feeble  flame,  diffusing  a  small  quantity  of  smoke. 
Chlorine  dtH?omi)08es  it,  with  elimination  of  hydrochloric  acid.  With  dry  htfdrocUoric 
acid  f/as,  it  forms  a  crystalline  compound  [Chlorhydrate  de  Maloile).  It  dissolves 
readily  in  alcohol  and  ether,  and  imparts  a  musk-like  odour  to  water,  (Rossignon,  J. 
Pharm.  xxvii.  158.) 

FBKRATB8.  Salts  containing  iron,  analogous  to  the  manganates,  and  therefore 
repr<'»<»ntod  by  the  penoral  formula  M*O.Fe*0*,  or  MFoO'.  They  are  very  unstable, 
and  only  the  potassium-  and  barium-salts  have  been  examined. 

Ferrate  of  Potassium  was  first  prepared  by  Frimy  in  1840  (Ann.  Ch  Phann.  zL 
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261 ;  xliv.  254),  and  has  been  further  examined  by  H.  Rose  (Pogg.  Ann.  lix.  315)  and 
J.  Denham  Smith  (Phil.  Mag.  [3]  xxiii.  217).  But,  according  to  Kopp (Goichichits 
der  Chemie,  i.  192),  Stahl  appears  to  have  observed  that  iron  calcined  with  nitre 
^elds  with  water  a  purple  or  amethyst-coloured  solution.  Eckeberg  also  observed, 
m  1802,  that  the  mass  obtained  by  fusing  gadolinite  with  hydrate  of  potassium  yields 
with  water  a  dark-red  alkaline  solution,  the  colour  of  which  proceeded,  not  from  nuui- 
ganese,  but  from  iron,  and  Becquerel  in  1832  (Ann.  Ch.  Phys.  [2]  li.  105)  remarked 
that  ferric  oxide  fused  with  hydnite  of  potassium  gives  off  oxygen,  which  he  attributed 
to  the  decomposition  of  peroxide  of  potassium. 

Ferrat<?  of  {wtassium  is  prepared :  I.  By  projecting  a  mixture  of  1  pt.  iron-filings, 
and  2  pts.  nitre  into  a  capacious  crucible  kept  at  a  dull  red  heat,  and  removing  the 
crucible  from  the  fire  as  soon  as  the  mixture  begins  to  deflagrate  and  form  a  white 
cloud  ;  if  the  heat  is  too  strong,  the  compound  decomposes  as  fast  as  it  is  formed.  The 
soft,  somewhat  friable  mass  of  ferrate  of  potassium  thus  obtained  mav  be  taken  out 
with  an  iron  spoon  and  preserved  in  weU-stoppered  bottles.  Or  the  salt  may  bo 
obtained  in  solution  by  treating  the  fused  mass  with  ice-cold  water,  leaving  the  liquid 
to  stand,  to  allow  the  undissolved  ferric  oxide  to  settle  down,  and  then  decanting ;  the 
solution  must  not  be  filtered,  as  it  is  immediately  decomposed  hj  contact  with  organic 
matter. — 2.  By  igniting  ferric  oxide  with  hydrate  of  pot^psium  in  an  open  crucible,  op 
with  a  mixture  of  hydrate  of  potassium  and  nitre. — 3.  By  passing  chlorine  gas  through 
a  very  strong  solution  of  caustic  potash  containing  hydra  ted  ferric  oxide  in  suspension, 
fragments  of  solid  potash  being  continually  added  to  maintain  a  largo  excess  of  alkali 
in  tile  liquid.  The  ferrate  of  potassium,  being  almost  insoluble  in  the  strong  alkaline 
liquid,  is  deposited  in  the  form  of  a  black  powder,  which  may  be  freed  from  the  greater 
part  of  the  mother-liquor  by  drying  it  on  a  plate  of  porous  earthenware  (Fr6my). — 
4.  By  electrolysis.  A  cylinder  of  porous  earthenware  is  filled  with  strong  potash-ley 
and  placed  within  a  beaker-glass  containing  the  same  liquid.  A  cast-iron  plate  con- 
nected with  the  positive  pole  of  a  powerful  voltaic  battery  dips  into  the  liquid  outside 
the  porous  cylinder,  and  a  plate  of  iron  or  platinum  connected  with  the  negative  pole 
is  immersed  in  the  liquid  within  the  cylinder.  The  whole  of  the  liquid  is  cooled  as 
much  as  possible  by  surrounding  the  beaker  with  ice.  The  potash-solution  surround- 
ing the  positive  polo  quickly  assumes  a  red  colour,  and  after  a  while  becomes  dark  and 
opaque ;  sometimes  also  the  positive  plate  becomes  coated  with  microscopic  crystals 
of  ferrate  of  potassium.     (Poggendorff  and  Rose,  Pogg.  Ann.  lix.  315.) 

Ferrate  of  potassium  is  soluble  in  water,  less  soluble  in  presence  of  potash.  The 
deep  cherry-red  solution  is,  when  concentrated,  transparent  only  in  thin  layers.  In 
the  concentrated  state,  and  when  mixed  with  free  potash,  it  may  be  preserved  for  some 
time,  and  may  even  be  boiled  without  decomposition,  but  the  more  dilute  and  the 
warmer  the  solution  is,  the  more  easily  does  it  decompose,  with  evolution  of  oxygen 
and  precipitation  of  ferric  oxide  ;  a  dilute  solution  is  constantly  decomposed  by  boiling. 
Acids,  even  nitric  and  sulphuric  acid,  decolorise  the  rod  solution  immediately,  witii 
evolution  of  oxygen,  and  if  only  a  small  quantity  of  acid  is  present,  with  separation  of 
ferric  oxide ;  with  hydrochloric  acid  it  gives  off  chlorine.  The  solution  is  decomposed 
b^  metals,  and  by  many  metallic  salts,  including  alum  ;  from  salts  of  manganese  and 
nickel,  it  throws  down  peroxides  of  these  metals.  It  is  quickly  decomposed  and 
decolorised  by  deoxidising  substances,  such  as  sulphurous  acid,  nitrous  acid,  ammonia, 
ammoniacal  salts,  and  especially  by  organic  bodies.  Sulphydric  acid  and  sulphide  of 
ammonium  impart  to  the  concentrated  solution  a  dark  green  colour,  becoming  light 
green  on  dilution  with  water,  brown  when  heated,  green  again  on  cooling ;  in  ^s 
reaction  a  sulphur-salt  appears  to  be  formed,  containing  a  polysidphide  of  iron  analogous 
to  ferric  acid. 

By  passing  sulphurous  acid  gas  through  the  aqueous  solution  till  the  colour  is 
destroyed,  and  determining  the  quantity  of  ferric  oxide  precipitated,  and  of  sulphuric 
acid  produced  (by  supersaturating  the  filtrate  with  hydrochloric  acid  and  precipitating 
with  chloride  of  barium),  it  is  found  that  699  pts.  (3  at)  sulphate  of  banum,  Ba^O*, 
correspond  approximately  to  150  pts.  ( 1  at^)  ferric  oxide,  Fe*0*.  Hence  ferrate  of 
potassium  is  KFeO'  or  K*O.Fe*0*,  and  the  decomposition  is  represented  by  the 
equation : 

4KFoO«  +  3S0»  +  H»0  =  Fe*0»  +2K^0*  +  H«SO*. 
Consequently,  ferric  acid,  if  it  could  be  obtained  in  definite  form,  would  be  HFeO*,  or 
H'O.Fe'O*,  and  ferric  anhydride  Fe«0'.     (H.  Rose.) 

Ferrate  of  sodium  is  obtained  similarly  to  ferrate  of  potassium.  The  other  salts, 
which  are  insoluble,  are  obtained  by  precipitation. 

Ffrrate  of  barium,  BuHy.Fe'O*  +  H»0  (?),  or  BaFeO«  +  J  aq.  (?),  is  obtained  by  de- 
composing the  potassium-salt  with  chloride  of  barium,  as  a  oulky  cochineal  or  purple- 
red  precipitate,  becoming  brick  or  rose-red  after  washing  and  drying  at  100^  C.  It  is 
tolerably  stable,  may  even  be  boiled  for  a  while  with  water,  and  dissolves  with  red 
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See  CxAxmna  ow  Ibon  (p.  222), 


colour  in  acetic  and;  bttt  by  nitric  or  stilphuric  acid,  or  by  strong  bo&ting^  it  is  imme* 
diftiely  decomposed  ftiid  deec^Iorised.     (Denham  Smith*) 

TWMMSO  AGX1>«  or  Ffrrntc  of  Hydrogen^  has  not  been  obtained  in  definite  form, 
or  even  in  aqueous  solution,  as  it  decomposes  and  gives  ofiT  oxygen  aa  soon  as  liberated 
^m  iti  Ralta  by  the  actio n  of  un  add  (p,  637)* 

FSBSZC    OKISB.     Sfsquiomdt  of  Iron.     Fe*0',     See  Iiioir. 

VSRRSC   SiUtfTS.     Si'squigalts  of  Iron.    See  Iron,  and  the  sevenil  Acids. 

raKRZGTAXrzsSS  or  S'BRRXDGTAIO'I^ES,  See  CYhmtiES  or  Iitox^ 
(p.  243), 

7XiA&ZTSB,     Compounds  of  ferric  oxide  i»ith  idkaliB.     (See  Iron*  Oxiurs  of.) 

FSR&OCOB^^TZVB.  Cobnltine,  Co^A:^,  in  which  a  considerable  proportion 
of  the  cobalt  is  rop!ac<>l  by  iron.     (Sec  CoB^LTiNX,  i,  1057.) 

Fsmmop&xrsszikTms.  ^ 

FZBROf  is  the  name  gtveu  to  the  substance  which  is  separatiDd  in  the  solid  stftta  ' 
fiT[)ni  blood  on  cougulution.    A  similur  matter  is  contained  in  the  solid  museuhir  flc^h 
of  animals,  bat  difiers  from  Jblood-fibrLn   in  certain  prtjpertiee,     Lehmanu  has  namml 
this  fibrinous  sabstance  syni&nin.     Fibrin  is  also  contained  in  lymph, 

1.  Pffpara/ion, — Fibrin  may  be  obtained  immediately  by  lashing  freah  blood  with 
a  bundle  of  bircb-twigs;  it  attaches  itself  to  the  twigs  in  amorphous,  fib^us  filaments, 
whicli  retain  a  red-colour  from  adhering  blood  globules.  In  order  to  free  the  libria 
from  colouring  and  other  matters,  it  is  placed  on  a  sieve  or  a  doth  and  subjected  to 
prolonged  washing  under  a  eopioiLS  stream  of  water,  and  the  portions  which  retain 
the  red  colour  most  okstinately  are  picked  out  and  thrown  aside.  It  is  linalJy  wa^^bed 
with  distilled  water  charged  with  carbonic  acid.  A  few  drops  of  acetic  acid  may  be  , 
advantageously  added  to  the  last  wash-waU^rs  ;  this  causes  the  fibrin  to  swell  up^  and 
renders  it  easier  to  distinguish  the  impure  portions.  The  product,  finally  washed  with 
pure  water,  assumes  the  semi-traiisparent,  fibrous  aspect,  peculiar  to  fibrin.  (Gorh. 
IT.  459.) 

When  Dresh  blood  is  allowed  to  stand,  it  coagulates  spontaneously,  the  clot,  at  the 
same  time,  endosinc  all  the  blood-globulos.  It  is  therefore  necessary  to  cut  the  clot 
into  thin  sUces,  and  wash  it  with  still  greiiter  care  than  artificiallj  coagulated  fibrin. 
Fibrin  obtained  by  either  mt^tbc>d  always  contmus  many  impurities,  especially  fat- 
globules  ;  these  may  ha  removed  by  eth&r  and  alcohol,  after  the  product  has  been 

Gerhardt  recommends  the  following  method  for  preparing  fibrin  in  a  state  approach- 
ing  to  purity.  The  blood,  as  it  leaves  the  vein.^,  Ia  allowed  to  flow  upon  the  twelfth 
or  fifteenth  of  its  weight  of  moi&t  sulphate  of  sodium,  which  prevents  the  fibrin  from 
ooAgulating.  The  mixture  is  agif-aled  and  thrown  on  a  filter,  which  retains  by  fiir  the 
greater  part^  if  not  all  the  globule*.  If  the  filtrate  is  slightly  red,  it  is  mixod  with 
an  equal  volume  of  water,  aud  again  filtered ;  jind  this  process  is  repeated  till  tiie 
li(^uid  begins  to  deposit  fibrin.  The  fibrin  is  then  eoEected^  atmnod  off,  and  washed 
with  water,  alcohol,  and  ether. 

Liobig  prepares  muBcuLir  fibrin  (eyntoiiin)  by  flnoiy  mineiug  fr«ah  mettt,  and 
exhausting  with  cold  water.  The  residue  is  tlien  treated  with  water  contiunifig  0*1 
per  cent,  hydrochloric  acid,  and  the  solution  is  filtered  and  neutralised  with  ^minoiii«» 
The  fibrin  is  purified  in  the  usual  maimer. 

Baunihauer  uses  fish  for  preoaring  syutonin  {Ckamuche  Unterg,  P.  Mulder^  GormBU 
transl.  iil  301),  but  the  memoa  does  not  appear  to  be  advantageous. 

ImpHritka. — Fibrin  is  generally  mijied  with  fat-globules,  but  only  such  as  are  found 
adhering  to  the  different  constituents  of  blood*  Lehamnn  discovered  cholesT*^rio  in 
this  fat^  also  acetic  acid,  perhaps  formed  by  the  oxidation  of  ether,  and  another  fatty 
acid  {Gmdin's  Handbvch,  viii,  [2]  171),  Fat  always  adheres  to  fibrin,  and  appi-ars  to 
consist  principally  of  ammonia-  and  lime-soap«  (Bereelins,  Lekrb,  d.  Chtti*,  ix.  88), 
Scltmidt  extracted  from  7  4  to  8*7  per  cent,  fat  from  the  fibrin  of  the  blood  of  the  portal 
vein.  Lehmann  found  between  3189  and  3*218  per  cent,  of  fat  in  fibrin  (Gmelin'M 
Handbuch,  viii.  [2]  141).  Vircihow  extr^ioted,  by  means  of  alcohol  and  ether,  between 
2  50  and  2  76  per  cent,  fiit  from  venous  fibrin.  'The  fibrin  of  chyle  is  richer  in  fat 
tlian  blood  fibrin.  Virchow  found  phosphoglycerato  of  calcium  in  blood-fibrin,  and 
much  phosphate  of  calcium  in  its  ash.  Fibrin  always  leaves  a  mineral  residue  on 
incineration,  eonsisting  chiefly  of  phc«phate  of  calcium,  amounting  to  1'7  per  cent* 
(Mulder),  066  i>er  cent.,  with  a  little  fari>onate  of  caldum  (Virchow),  A  little 
phosphate  of  mnirnr^ium  k  Li k*^ wise  found  in  the  ash.  but  no  iron  when  the  fibrin  has 
b(.*eu  properly  purifivd.  According  to  Liebig,  the  ash  of  syutonin  always  contains  iron. 
Fibrin  of  the  arterial  blood  of  the  horse  contains  2  1 72  per  cent^  ash ;  that  of  the 
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jugular  blood  1 '907  per  cent  In  chyle-fibrin,  which  had  been  properly  fireed  from 
fet,  washed,  and  dried,  1*77  pci'  cent  strongly  alkaline  ash  was  found  (Lehmann). 
Virchow  thinks  it  probable  that  the  fat  adhering  to  fibrin  contains  mytlin,  a  substance 
which  he  considers  to  be  identical  with  nerve-marrow,  and  to  bear  a  certain  resem- 
blance to  cerebric  acid. .  It  is  found  in  various  normal  and  morbid  structures ;  when 
treated  with  water,  it  swells  up  like  starch. 

Formation  of  Fibrin  from  Albumin, — ^When  defibrinated  serum  is  subjected  to  the 
action  of  a  current  of  oxygen  gas,  at  a  temperature  of  98° — 100°  Fahr.,  the  albumin 
contained  in  it  is  gradually  converted  into  fibrin  *,  which  separates  after  about  36 
hours  in  clots,  and  when  freed  from  blood-cells  and  other  impurities  by  washing  with 
water,  presents  the  appearance  of  ordinary  fibrin.  A  similar  result  is  obtained  when 
a  mixture  of  blood-serum  and  e^-albumin  is  treated  with  oxygen  gas,  time  beins 
allowed  for  the  two  liquids  to  mix  well  together.  Egg-albumin  alone,  when  purified 
by  beating  it  up  with  a  small  quantity  of  acetic  acid,  and  filtering,  also  yiel(&  fibrin 
when  a  stream  of  ox>'gen  is  passed  through  it.  The  introduction  of  coils  of 
platinum  wire  into  the  liquid  greatly  facilitates  the  formation  of  the  fibrin,  which  is 
then  deposited  on  the  coils  in  beautiful  white  parallel  threads.  Alkalis  and  alkaline 
salts  interfere  with  the  production  of  fibrin  in  the  manner  above  described,  the  greatest 
amount  being  obtained  when  the  albumin  is  neutral  or  slightly  acid.  Viscidity  of  the 
liquid  promotes  the  formation  of  fibrin  by  detaining  the  bubbles  of  oxygen  for  a  longer 
time  among  the  particles  of  the  albumin.  Albumin  artificially  digested  in  gastric 
juice  yields  fibrin  by  oxidation,  even  after  it  has  been  passed  through  a  dialyser. 
Gluten  dissolved  in  gastric  juice  also  yields  fibrin  by  oxidation,  even  at  ordinary  tem- 
peratures.    (A.  H.  Smee,  Proc.  Roy.  Soc  xii.  399.) 

Properties. — Fibrin  has  been  said  to  separate  from  the  blood  in  laminse.  This  is 
not  certain,  but  when  completely  washed,  it  consists  of  solt,  elastic,  transparent  fila- 
ments, which  do  not  cohere  by  pressure.  It  is  completely  insoluble  in  cold  water,  in 
alcohol,  and  in  ether. 

Freshly  prepared  fibrin  loses  about  80  per  cent,  water  in  vacuo  (Chevreul),  and  is 
convertea  into  a  hard,  homy,  transparent  mass,  of  yellowish  or  greemsh  colour,  and  com- 
pletely devoid  of  taste  and  smell.  It  takes  up  about  three  times  its  weight  of  water, 
without,  however,  entirely  regaining  its  former  appearance.  When  well-washed  fibrin 
is  boiled  for  a  long  time  with  water,  the  distillate  contains  much  ammonia,  and  a 
peculiar  substance  is  extracted  from  the  residue  by  water  (Dumas  and  CahoursV 
The  substance  extracted  from  fibrin  by  boiling  water,  has,  according  to  Bouchardat,  all 
the  properties  of  gelatin ;  the  proportion  varies  considerably,  being  insignificant  in  healthy 
fibrin,  but  increasing  to  a  considerable  amount  in  inflammatory  diseases  of  the  cellular 
tissue.  The  substance  obtained  by  Dumas  and  Cahours  did  not  become  gelatinous  on 
cooling,  but  appeared  to  resemble  albumin  ;  it  was  precipitated  by  tannin  and  nitric 
add,  contained  11  per  cent  ash,  and  the  organic  part  gave  47*9  per  cent  C,  68  per 
cent.  H,  16  0  per  cent  N,  and  30*3  per  cent  0. 

Heated  with  water  in  a  sealed  tube  to  160*^  C,  fibrin  dissolves  almost  completely, 
leaving  a  slight  residue.  The  solution  produces  abundant  precipitates  with  acicu, 
and  even  when  very  dilute,  is  precipitated  by  nitric  acid.  The  precipitate  produced 
by  acetic  acid  is  readily  soluble  in  an  excess  of  the  acid. 

When  moist  fibrin  is  exposed  to  the  air,  it  is  gradually  converted  into  a  thick  viscid 
liquid,  smelling  like  old  cheese.  This  liquid  coagulates  by  heat ;  the  coagulum  has  the 
composition  and  properties  of  albumin  (C  63*9,  H  70,  N  16*6,  S  16  per  cent. ;  ash  028 
percent.  Strecker).  Putrefying  fibrin  also  yields  sulphide  of  ammonium,  butyric  and 
valeric  acids ;  leucine ;  an  oily  acid  precipitated  by  acetate  of  lead  ;  an  acid  syrup  which  is 
dissolved  by  acids,  thereby  assuming  a  violet  colour  and  being  converted  into  tyrosine ; 
and  a  crystalline  volatile  substance  of  unpleasant  odour  (Bopp,  Ann.  Ch.  Pharm. 
Ixix.  30).  When  fibrin  putrefies  out  of  contact  with  the  air,  it  yields  acetic,  butyric, 
valeric,  and  capric  acids,  as  well  as  ammonia  (Brendocke).  Fibrin,  in  contact  with 
oxygen,  gives  off  carbonic  acid ;  and  fibrin,  which  has  been  long  exposed  to  the  air, 
and  perliAps  also  fibrin  from  arterial  blood,  dissolves  with  difficulty  or  not  at  all  in  saline 
solutions.  Peroxide  of  hydrogen  is  decomposed  by  fibrin.  If  fresh  fibrin,  moistened 
with  water  and  saturated  with  oxygen,  is  enclosed  in  8  times  its  volume  of  air,  and 
maintained  between  20°  and  26°  C,  the  gas,  aft^T  24  hours,  contains  6*81  per  cent,  O, 
11  17  C0^  and  8202  N. 

Fibrin  has  been  analysed  by  a  great  many  chemists  ;  the  results  are  not  sufficientlv 
in  accordance  to  lead  to  the  conclusion  that  it  is  a  homogeneous  substance.  It 
appears  to  vary  considerably  in  composition,  according  to  the  source  from  which  it  has 
been  obtained. 

*  A  bUcI  lubctance,  analogous  to  if  not  Identical  with  Virchow'i  A«inAi,  ti  fiormed  at  the  same  time. 
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Mulder  (CAewM^cA^;  Untersvchungen)  gives,  fhr  the  composition  of  fibrin,  527  per 
cent  C,  6-9  H,  16-4  N,  1*2  S,  0*3  P,  and  28-6  O.  Comparing  this  remilt  with  the 
analysis  of  blood-albumin  by  the  same  chemist  (i.  67),  it  will  bo  seen  that  the  oxypi-n 
in  fibrin  exceeds  that  in  albumin  by  1*5  per  cent.,  the  quantities  of  the  other  element:} 
being  proportionally  less.  This  difference  is  quite  in  accordance  with  the  fact  obserr^xi 
by  Smee  (p.  639),  that  albumin  is  converted  into  fibrin  by  oxidation,  with  separation 
of  sulphur,  phosphorus,  and  carbonic  acid.  On  the  other  hand,  it  mnst  be  observed, 
that,  according  to  the  analysos  of  other  chemists,  albumin  and  fibrin  do  not  present 
any  essential  difference  of  composition :  indeed,  the  analyses  of  each  of  them  sub- 
stances by  different  chemists  (see  above  and  i.  67),  differ  from  one  another  quite  as 
much  as  the  analyses  of  either  substance  differ  firom  those  of  the  others.  If  ^ej  are 
really  identical  in  composition,  tho  conversion  of  albumin  into  fibrin  by  the  action  of 
oxygen,  must  be  regarded  as  a  case  of  contact-action. 

According  to  MM.  Lebonte  and  Goumoons,  fibrin  is  composed  of  two  bodies; 
exhibiting,  under  the  microscope,  yellowish-white  fibres,  parallel  and  wavy  on  the 
sides,  as  well  as  very  numerous  granulations  disseminated  upon  the  soi&ce  of  its 
fibres  and  enclosed  by  them.     (Gerh.  iv.  464.)    See  p.  641. 

Jkco?npo9itions. — 1.  Fibrin  is  decomposed  at  a  high  temperatore ;  it  melts,  swells 
considerably,  takes  fire  and  bums  with  a  smoky  flame,  leaving  a  residue  of  potoos 
charcoal,    ^v  dry  distillation,  it  3rields  the  same  products  as  albumin. 

2.  Fibrin  dissolves  in  caustic  potash^  even  in  very  dilute  solutions  ;  at  first  it  swells  up 
and  becomes  gelatinous,  and  between  50^  and  60^  C.  gradually  dissolves,  forming  a 
slightly  opaline  yellow  solution,  which  becomes  clear  on  filtration.  Fibrin  docs  iu4 
n€utrali8e  tho  alkali,  but  decidedly  lessens  its  alkaline  properties ;  the  solution  has  the 
characteristic  of  albuminate  of  potassium,  yielding  precipitates  with  acetic  and  with 
tribasic  phosphoric  acids,  soluble  in  excess  of  the  precipitant.  According  to 
Mulder,  if  fibrin  is  di^sted  with  very  weak  alkali,  and  the  solution  nentrmlised  with 
acetic  acid  till  it  begins  to  be  precipitated,  compounds  with  metallic  oxides  may  be 
obtained  on  the  addition  of  their  salts.  Gerhardt  thinks  that  these  precipitstes  are 
identical  with  the  metallic  albuminates  (i.  68).  When  fibrin  is  boiled  with  caustic 
potash,  ammonia  is  evolved,  and  the  liquid  contains  sulphide  of  potassium.  Heated 
with  potash-lime  between  160°  and  180"  C,  it  evolves  ammonia  and  other  volatile  pro- 
ducts, while  a  small  quantity  of  a  volatile  fat  acid  is  formed,  which  remains  combmed 
with  potash  (Wurtz).  When  fused  with  potash,  it  3rields  hydrogen  and  ammonia, 
leucine,  tyrosine,  and  probably  butyrate,  valerate,  oxalate,  &c,  of  potassium.   (Bopp.) 

3.  Fibrin  is  scarcely  acted  upon  by  ammonia. 

4.  Concentrated  fuming  hydrocldoric  add  causes  fibrin  to  swell,  and  dissolves  it  when 
heated,  forming  a  violet  solution.     When  this  solution  is  boiled  in  an  open  vessel,  it 

*  Appears  to  hare  lost  nitrogen  In  the  form  of  ammonia. 
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tuTDB  brown,  and  is  then  found  to  contain  chloride  of  ammonium,  leucine,  tyrosine,  a 
brown  substance  not  yet  examined,  an  unciystallisable  body  sUghtly  soluble  in  water 
and  very  solnble  in  ^ksohol,  and  a  sweet  syrupy  matter  (Bopp).  According  to  Mulder, 
fibrin  absorbs  7*1  per  cent  of  gaseous  hydrochloric  add,  yieldixig  a  compound  almost  in- 
soluble in  water. 

According  to  Liebig,  blood-fibrin  is  perfectly  insoluble  in  dilute  hydrochloric  acid  ; 
he  says  that  fibrin,  macerated  in  water  containing  10  per  cent  hydrochloric  acid,  is 
gradually  converted  into  a  jelly,  which  shrinks  on  the  addition  of  more  concentrated 
acid,  and  again  swells  up  with  pure  water,  without,  however,  any  appreciable  quantity 
of  fibrin  being  dissolveo.  Syntonin  however  dissolves  in  the  dilute  acid  more  or  less 
completely,  according  to  the  source  from  which  it  has  been  obtained.  Dumas  and 
Cahours  found  that  water  containing  0*001  per  cent  hydrochloric  acid  caused  fibrin  to 
swell,  without,  however,  dissolving  it  after  48  hours*  digestion.  But  the  addition  of 
a  few  drops  of  hydrochloric  acid,  or  of  rennet,  rapidly  effected  its  solution  at  36*^0. 
The  experiments  of  Bouchardat  seem  the  most  reliable,  and  have  since  been  con- 
firmed by  V.  Baumhauer  (Ann.  Ch.  Pharm.  xlviL  320) ;  they  prove  that  fibrin  is  not 
a  homogeneous  substance,  but  that  it  is  composed  of  at  least  two  bodies.  When 
moist  fibrin,  prepared  from  whipped  or  coagulated  blood,  is  steeped  in  water  con- 
taining 0*0005  per  cent  hydrochloric  acid,  and  therefore  scarcely  acid  to  the  taste  or 
to  litmus,  it  immediately  swells  up  and  is  converted  into  a  mass  of  very  bulky  flakes. 
The  swollen  vesicles  are  rent  by  prolonged  maceration,  and  the  greater  part  of  the 
fibrin  dissolves;  always  leaving,  however,  a  certain  portion  insoluble  in  excess  of 
the  acidulated  water.  The  soluble  portion  (albuminose)  scarcely  reddens  litmus, 
rotates  the  plane  of  polarisation  to  the  left,  is  precipitated  in  light  fiakes  by  heat, 
and  yields  a  precipitate  with  excess  of  hydrochloric  or  nitric  acid,  with  tannin, 
mercuric  chlonde,  ferrocyanide  of  potassium,  and  possesses  generally  all  the  charac- 
teristics of  egg-albumin  (Gerh.  iv.  466).  The  precipitate  produced  by  carbonate  of 
ammonia  in  the  solution  has  the  following  composition  (it  left  no  ash  on  incinera- 
tion}: 

T.  Baumhauer.  Verdell. 

C         .         .         .         .     62-9 

H         .         .  •      .         .69 

N         .         .         .         .     16-9 

S 1-6 

O        .        .        .        . 

Bouchardat  terms  the  undissolved  portion  epidermose,  and  considers  it  to  be  identical 
with  the  chief  constituent  of  the  epidermis  and  of  homy  substances. 

6.  Nitric  acid  turns  fibrin  yellow,  and  readily  dissolves  it  by  ebullition,  forming  an 
orange-yellow  acid  substance,  xanthoproteic  acid.     (Mulder.) 

6.  Concentrated  sulphuric  acid  causes  fibrin  to  swell,  and  dissolves  it  by  heat  The 
dilute  acid  does  not  dissolve  fibrin. 

7.  Glacial  acetic  acid  dissolves  the  granulation  of  fibrin,  without  attacking  the  fibrous 
portions  (Lebonte  and  Goumoens).  Concentrated  acetic  acid  immediately  con- 
verts fibrin  into  a  colourless  jelly,  dissolving  readily  in  hot  water  (according  to  F.  Simon, 
the  gelatinous  mass  does  not  dissolve).  The  acetic  add  solution,  evaporated  at  a 
gentle  heat,  becomes  covered  with  a  film,  and  then  assumes  a  gelatinous  appearance ; 
the  diy  residue  is  insoluble  in  water,  lie  solution  is  precipitated  by  sulphuric  and 
hydrochloric  adds ;  also  by  alkalis,  but  the  predpitate  redissolves  in  excess  of  the 
precipitant 

8.  TVibasic  ffhcaphoric  acid  renders  fibrin  gelatinous ;  the  jelly  dissolves  in  water  and 
ia  not  predpitated  by  excess  of  add.    Afetaphosphorio  acid  behaves  like  sulphuric  add. 

9.  According  to  Lehmann  and  Zimmermann,  the  several  kinds  of  fibrin  dissolve,  for 
the  most  part,  in  alkaline  salts;  syntonin,  however,  is  insoluble  in  dilute  nitre 
solution  (Lehmann).  Neither  arterial  nor  venous  fibrin,  when  boiled  in  water  or  ex- 
posed to  the  air  for  some  time,  is  soluble  in  nitrate  of  potassium.   (Denis,  Scheerer.) 

10.  Denis  employs  the  following  process  for  dissolving  fibrin  in  nitrate  of  potassium  : 
— 50  pts.  well- washed  moist  venous  fibrin  are  triturated  with  }  of  their  weignt  of  nitre ; 
water  equal  to  4  times  the  weight  of  the  fibrin  employed  is  nudually  added ;  and  then 
^  pt  of  caustic  soda  or  potash.  The  whole  is  allowed  to  digest  at  about  37°  C,  with 
constant  agitation.  The  mixture  first  becomes  gelatinous,  then  visdd,  and,  after  a  few 
days,  liquid  ;  a  small  residue  always  remaining.  The  liquid  thus  obtained  coagulates 
by  boiling,  like  albumin,  and  is  precipitatedby  alcohol,  mercuric  chloride,  acetate  of 
lead,  &c.  If  alkali  be  not  added,  the  solution  is  predpitated  by  the  addition  of  a 
large  quantity  of  water  (Gerh.  iv.  468).  The  solution,  exposed  for  some  time  to  the 
air,  gradually  becomes  turbid,  and  deposits  fiakes  which  are  insoluble  in  the  mother- 
liquor. 
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11.  If  fibrin  be  diasolTod  in  potash,  and  acetic  or  phosphoric  acid  added  to  the  soIq' 
tion  till  the  precipitate  first  foranid  rediaeolTes,  a  Liquid  is  obtained,  from  which  whit<j 
flakesa  arc  pr«oipitated  by  neutral  i^ts  (Panum),  The  potaah-solution  u  precipitat«4 
bj  mireunc  chloride',  sulphiie  of  copper,  and  acetaU  of  lead. 

12.  Tiinnm  of  prjl-uuts  pr»  cipitat*?*  flbriu  from  ita  saturated  solutioiiB  j  it  ccftnbinefi 
with  moist  fibriD,  forming  a  htird  imputrescible  maaa, 

13.  Ffrrocifanide  af  potassivm  prodiK^ss  with  the  acetic  acid  solutioti  a  whito  precipi- 
fate,  which  at  iirat  re^dissolves  but  aftetrwards  becomes  permanent  It  is  not  diasolTed 
by  diluted  acids,  but  is  decomposed  by  alkalis  and  even  by  ammonia* 

14.  Sulphuric  aeid  with  prroxide  of  manganese^  or  acid  chromate  of  potasHmm^  yioldii 
with  fibrin  the  8am<>  producta  as  \yith,  albamiii  (i,  67). 

Sourcts  and  ph^^olo^ical  rtlatwns  of  Fibrin. — Lebmann  {ChiuiifCs  Mandh^»ehi  ^ii** 
[2]  167X  ooneiJcra  that  fibrin  is  formed  from  albumin  in  the  animal  orgamsm,  poanblj 
by  the  lattflr  tiikinjtr  up  oxygon,  a  mode  of  formation  rendere^l  highly  probable  by  tho 
results  obtained  by  Smee  (p.  639),  iji  the  artiiicial  production  of  fibrin  from  aibimuii. 
The  occurrence  of  fibrin  in  tlie  chyle  is  not  cpposed  to  this  riew,  portly  because  fibrin 
may  be  conTeyed  to  this  fluid  by  the  lyrophaties  and  blood-vessels,  and  partly  because 
all  the  Juices  of  the  auimnl  body  contain  free  oxygen  (Lehmann).  lieither  is  the 
formation  of  fibrin  from  albumin  by  oxidation  contradicted  by  the  fact  that  in  pocu- 
moniar  when  a  portion  of  the  luug  ia  rendered  impermeable  to  air,  and  consequently 
the  snpply  of  oxygen  must  b«  diminished^  the  quantity  of  fibrin  in  the  blood  is  in- 
creased* The  fact  is,  that  the  conversiou  of  albumin  into  fibrin  is  only  the  fir«t  stage 
in  th«  process  of  oxidation,  which,  when  further  continued,  transforms  the  fibrin  into 
nrea,  and  yariotis  other  oxidised  products,  which  pass  into  the  excretions,  so  that  the 
scanty  supply  of  oxygen  which  the  bl<>ad  receives  in  certain  disoasas,  may  be  sufficient 
to  ronvcrt  the  albumin  int4>  flibrin»  but  not  to  oxidise  it  further. 

Fibrin  is  not  stmply  soa^Dded  in  the  blood,  as  Hunter  and  others  supposed. 
It  is  not  \TMe  thiit  it  is  kftpt  m  sola  tion  by  alkalis  or  alkaline  salts,  and  that  the  coof^- 
la  tion  is  caujtfd  by  the  noutraliBatiou  of  the  solvent  with  carbonic  acid  from  the  tiir, 
^iince  blwKl  saturated  with  carbonic  acid  is  found  to  coagulate  much  more  slowly  than 
blood  deficient  in  the  gas,  and  the  8d<lition  of  alkaline  carbonates  retards  or  entirely 
prevents  the  coagulation  of  blood*  The  cause  of  spontiineous  coagulation  is  not  known. 
IJlnod  stagnated  in  veins,  and  thus  ehnt  out  from  the  air,  is  alwaya  much  longer  in 
coagulating  than  when  there  is  a  free  access  of  air.  Hence  the  pres^-nco  of  air  set^ms 
niN^cnwary  for  the  coagulation  of  blood,  aa  is  rendi^re<l  highly  probable  by  nutneroui* 
rxperim^nts,  from  which  it  has  also  be«en  concluded,  by  tryiJig  tho  action  of  different 
gasec,  that  oiygcn  is  the  principal,  if  not  the  sole  agent.  The  coagulation  of  bloo<l  in 
dosed  Yeasels  is  probablj'  duo  to  the  alow  evolution  of  oxygen  dis^solved  in  the  fluid  of 
the  blood -cells,  and  the  rapid  coiignlation  of  blood  in  an  exhausted  receiver  may  arise 
from  the  itudden  and  rapid  evolution  of  the  ^as.  {GinfUn's  Handhitck^  riii  [2]  155-7.) 

C.  Schmidt  thinks  that,  in  the  eirculiition,  the  fibrin  is  cDmbined  with  neutral 
albuminate  of  sodium,  forming  an  acid  salt,  which  is  remolviHl  into  its  components  on 
kaving  the  circulation.  The  fibrin  forms  the  clot»  while  the  albumin,  which  ia  preci- 
piitated  fiwm  the  serum  on  lioiling,  he  supposes  to  have  been  previously  in  combination 
with  chloride  of  sodium,  which  remains  in  the  mother-liquor,  together  with  the  neutral 
albuminate.   {GmeUfCs  Handbuch,  viii,  [2]  156. J 

According  to  W.  B.  Richiirdaon^  the  coaguhition  of  fibrin  ia  consequent  npon  an  isx- 
hfilation  of  ammonia  fri>m  the  blood;  but  this  seems  very  donbtfuL  A  '  to 
l.ister  (Proe.  Roy.  Soc.  xii.  580),  the  coomilation  is  brou|^t  about  cat  y 

eontiict  with  foreign  matter:  whence  blood  remains  fluid  in  the  Teasels,  i...;  ^^...^-u 
their  walls  exert  any  infiuence  opposing  coagulation,  but  because  during  life^  and  for 
some  time  after  death,  they  do  not  act  as  exciters  of  coagulation* 

It  has  been  supposed  tliat  blood  coagulates  more  ilowly  the  less  fibrin  it  contains; 
hut  thifl  ia  many  instances  ia  not  the  caMe,  and  the  eoagul&tion  of  blood  appear?  to  be 
modified  \*y  other  causes. — ^The  blood  of  amphibious  animals  coagulates  the  most 
slowly,  that  of  birds  the  moat  rapidly.  The  blood  of  the  small  veins  contains  more 
fibrin  ihun  tluit  of  arterial  blood,  in  the  proportion  of  6  :  i,  mo  that  a  considerable 
quiintity  of  fibrin  appears  to  be  formed  in  the  capillariei,  although  it  must  be  remem- 
bered that  the  fibrin,  owing  to  the  diminution  of  blood-cells,  ia  in  part  only  relfttively 
increased.  The  percentage  of  fibrin  in  the  blood  of  the  vtntt  cava  ia,  even  when 
this  blood  is  unmix^xl  with  the  liver-blood  fwhich  does  not  contain  fibrin),  very  suiall 
in  proportion  to  that  of  arterial  blood, — about  214  :  410.  In  accordance  witi  these 
data,  Lehmann  considerB  that  fibrin  is  principally  formed  in  the  arteries,  increased  in 
the  capillaries,  and  disappears  in  the  larger  veins  (toe,  cit,  p.  699). 

Normal  human  blood  contaixis  alxiut  2*55  per  cent,  fibrin  (Nasae).  Blood  is  said 
to  jrield  Irss  fibrin  by  agitation  than  hj  spontaneous  coagulation,  to  the  amount  of  Jth 
less  (Marchttl  de  Culvi).    AbbetUo,  however,  aays  that  more  fibrin  is  obtained  fto^i 
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blood  by  agitation  than  by  spontaneous  coagulation,  and  that  blood  heated  to  60°  C. 
yields  by  agitation  more  fibrin  than  at  the  common  temperature,  but  that  agitation 
has  a  greater  effect  on  the  quantity  of  fibrin  than  the  temperature ;  blood  coagulated 
at  0^  G.,  yields  less  fibrin  than  at  the  common  temperature.  It  was  found  that  the 
blood  of  rabbits  did  not  coagulate  when  carbonate  of  sodium  or  of  potassium  had  pre- 
yiously  been  ii\jected  into  the  vein. 

Coagulating  blood  cools  much  more  slowly  than  non-coagulating  blood  at  the  same 
temperature.  The  passage  of  fibrin  from  the  soluble  to  the  insoluble  state  is  either 
the  cause  of  the  evolution  of  heat,  or  hinders  the  process  of  cooling  (Lehmann). 
According  to  Nasse  and  Poggiale,  the  blood  of  new-bom  children  contains  much  less 
fibrin  than  that  of  adults,  the  augmentation  being  especially  large  at  the  age  of 
puberty.  According  to  Nasse,  the  blood  of  women  contains  on  the  average  2*20  per 
cent,  of  fibrin ;  according  to  Andral  and  Gavarret,  the  proportion  increases  daring 
pregnancy,  especially  in  the  last  three  months.  Lehmann  found  more  fibrin  in  his 
own  blood  when  living  exclusively  on  animal  diet,  than  on  vegetable  diet^  a  result 
which  Nasse  had  arrived  at  by  experimenting  upon  dogs  (GhnelMs  HandbucK,  viii.  [2] 
188).  The  quantity  increases  by  fasting  or  by  blo^-letting,  while  the  number  of 
blood-cells  decreases. 

The  fibrin  of  portal  blood  is  described  by  Schmidt  as  a  viscid,  gelatinous  mass. 
That  of  chyle  is  distinguished  from  blood-fibrin  by  a  lower  degree  of  contractility  and 
by  not  gelatinising.  Like  the  fibrin  of  many  morbid  secretions,  and  that  of  fish,  it 
sometimes,  and  especially  in  warm  atmospheres,  redissolves  a  few  hours  after  coagu- 
lation. Lymph-fibrin  is  exactly  like  that  of  blood.  Gorup-Besanez  (Ann.  Ch. 
Pharm.  xciv.  166-9)  found  a  peculiar  kind  of  fibrin  in  an  infiltrated  liquid 
obtained  from  the  chest  of  a  tuberculous  patient.  It  swelled  up  in  water,  and 
then  formed  a  turbid  solution  on  being  heated.  The  residue  from  the  evaporated 
solution  dissolved  readily  by  a  gentle  heat  in  hydrochloric  acid  of  1  per  cent.,  but 
was  insoluble  in  a  solution  of  nitre  containing  6  per  cent,  of  the  salt  Fibrin  is  not 
generally  found  in  normal  infiltrations. 

The  following  table  contains  the  percentages  of  fibrin  in  the  blood  of  different 
animals : 

Andrat,  Gurarret, 
Nasie.  FoggUIe.  and  Delafond 

{average). 


Ox 

.     3-6  —40      . 

60     . 

.     3-6 

Cow 

•        .       .        •         .        . 

... 

.     3-8 

Sheep     . 

.     30  —3-8      . 

3-2     . 

.     3-2 

Goat 

.     3-36— 3-9       . 

... 

.     316 

Horse 

.     2-4  —2-85     . 

... 

.     40 

Pig 

.     3-6  —3-9       . 

.     .    . 

.     4-6 

Dog 

.     17  —1-9       . 

.    2-2     .' 

.     21 

Fowl 

6-86 

60 

Goose     , 

3-4 

Pigeon   . 

.     .           .         . 

6-0 

(Gmelin's  Handbuch,  viii.  [2]  188.) 

Fibrin  is  dissolved  bv  bile  free  from  mucus.     (Hiinefeld.) 

Fibrin  is  more  easily  digest-ed  than  coagulated  albumin  or  casein.  With  dogs  it 
appears  to  digest  entirely  in  the  course  of  three  hours.  Its  digestibility,  however,  is 
naturally  infiucnced  by  the  state  of  aggregation ;  boiled  fibrin  is  more  slowly  digested 
than  raw  fibrin. 

Mulder  (Jahresb.  d.  Chem.  1869,  p.  638)  remarked  that  fibrin  placed  in  a  full 
bottle,  with  a  little  diastase,  swelled  up  and  partly  dissolved,  but  after  a  time  resumed 
its  primitive  form.  He  thinks  this  is  owine  to  the  fact  that  a  given  quantity  of  dias- 
tase can  only  effect  the  solution  of  one  and  the  same  quantity  of  fibrin,  which,  after  the 
diastase  has  performed  its  office,  again  returns  to  its  former  state. 

Fibrinous  casts  of  the  uriniferous  tubes  of  the  kidney  are  sometimes  met  with  in  the 
ttrine  of  persons  suffering  fit>m  Bright's  disease ;  moreover  the  so-called  chyl<ms  urine 
is  sometimes  spontaneously  coagulable,  from  the  solidification  of  fibrin. 

Fibrin  occurs  in  milk  only  when  the  latter  contains  blood. 

In  infiammatory  diseases  of  the  mucous  membranes  (Diphtheria^  Pneumonia,  Dysen- 
tery, Bright's  disease,  &c),  fibrin  is  found  in  the  secreted  mucus,  C.  R  L. 

nBSXVv  VZOBTABZia.  Insoluble  vegetable  albumin  (B  e  r z  e  1  i  u  s).  Zymome 
(Taddei). — The  portion  of  the  gluten  of  cereal  plants,  which  is  insoluble  in  alcohol ;  in 
the  gluten  of  wheat  it  is  mixed  with  gliadin ;  in  that  of  rye  and  barley,  also  of  buck- 
wheat, with  fatty  and  resinous  substances. 

To  prepare  it>  wheat^gluten  is  repeatedly  boiled  with  alcohol,  till  the  liquid  no  longer 
leaves  any  residue  on  evaporation.     It  then  remains  in  the  form  of  a  greyish- white, 
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elastic  mass,  still  contaminated  with  smtil]  qunntitirs  of  starcli  iitid  ehnff,  from  wht^h 
it  mET  be  freed  by  aolutioa  in  dilute  pot^U,  and  preoipitation  with  Acetic  acid ;  abo 
with  at,  vbicb  may  be  Tcmoved  by  subsequent  tTeatraent  witb  ether.  The  gluten, 
wfta  exhxQstion  with  alcohol,  may  also  be  disaolved  in  very  dilute  hydrochloric  Bcid« 
which  easily  t^ikes  up  the  fibrin,  and  yields  it  as  a  preeipitato  on  neutraliaation  with 
ammonia.  The  hydrcjchloric  acid  solution  behaves  just  like  that  of  muscle-ftbrin,  and 
is  precipitated  In  Ihivk  flaki^s  by  chloride  of  sodiam. 

Vegetable  fibrin*  vhen  dty,  forms  a  brownish  horny  ma^s,  which  rccorers  its  former 
character  by  maceratton  in  cold  water.  It  diBSolTee  in  ae^tic^  ht/drochloric,  and  pko»' 
pkoHc  acids,  in  the  ^fixfd  aikaUt,  and  in  ammonia^  and  is  precipitated  horn  ibwe 
solutions  on  neutmliHation.  '^^ 

100  pta.  of  Tegetablo  fibrin  yield  by  analyids : 


Scberw.» 


Carbon 

Hydrogen 

Nitrogen 


54-2 
73 
16-8 


64-2 
7-6 
16-8 


c 

63*1 
7-0 
156 


d 


Dumu  uid  Ci.houn.| 
/ 


63-2 
70 
16-4 


63-4 
70 
160 


63*4 
71 
16-4i 


537 
71 


Sulphur       ,         .      ,      .        .     .        . 10 

Oxygen 

a,  e^  rf,  f,  /  w«re  extracted  from  gbten  of  wheat ;  b  from  glttten  of  lye,  d  and  e  had 
been  treated  with  diaataso ;  f  waa  the  same  aa  «,  bnt  had  b«en  kepi  in  boiling  valer 
for  three  days;,  then  washed  and  dried  at  140°  C. ;  ^p  was  extracted  from  lye, 

Theae  aEudyses  show  that  Tegetable^  fibrin  haa  essentially  the  same  composition  as 
animal  fibrin.     The  ash  do«a  not  coutain  any  soluble'  slkidis.     (Liebtg.) 

Vegetable  fibrin  imdergoes  graduid  alteration  in  contact  with  moisture,  and  is  ti^ns- 
foniif.d  in  a  similar  nmnoer  during  the  germiQatiou  of  cereal  graina,  giTing  ris^ti  in  the 
hitt4^r  case  to  the  peculiar  ferment  called  diastase  (p.  319). 

The  green  depoait  which  separates  from  expressed  vegetable  juices  on  standing, 
probably  contains  regetable  fibrin,  but  it  has  not  been  examined. 

Z7Sa07SSSXT£.  A  basic  ferric  jnilphate  occQrring  in  Chile  in  botrjoVdal 
masyos,  having  a  radio -fibrotiB  straeture  and  pal©  golden  green  colour.  According  to 
an  analysis  by  K  Field  (Chem.  Soc  Qu,  J.  xiv.  150),  it  contains  31  94  per  cent  §()• 
31*89  Ee*0\  aud  36-90  water,  whence  the  formula: 

re<0».2S0*  +  lOH'O  -  ^^2Ffe'"[^'   "*'    ^^^^* 

When  exposed  to  the  air  for  some  weeks,  it  gives  off  2  at.  water :  at  the  heat  of  the 
water-bjith  7  at^,  and  the  remaining  3  at.  at  250'^  C,  leaving  the  anhydroias  salt 
Fe*0*  2S0*.  It  diitsolves  partially  in  cold  water,  imparting  a  slight  acid  reaction.  In 
wat*!r  of  43*^  C*  it  is  resolved  into  an  insolublf  yellow  ochrey  substance  =  2Fe'O*j90* 
+  8H*0,  soluble  neutral  ferric  siilphate^  and  &ee  sulphui-ic  acid ; 

3(Fe*Ol2SO')  +  2H»0  -  2Fe*0».S0>  +  Fe*0".3S0«  4-  2H»S0*, 

The  insoluble  ocbrey  substance  w  often  found  associated  with  fibroferrite.     (Field,) 

FZBROIH'-  a  substance  allied  in  composition  to  homy  tissue,  and  constitutiiig; 
aecordinfj  to  M  ulder  (Fogg.  Ann.  xxxvii.  294  ;  il,  266),  the  fibre  of  silk  and  of  gossa* 
mnr-tbreadiji.  It  is  obtained  pure  by  exhausting  mw  silk  successively  with  boiling  water, 
nloohoU  ether,  andaccticacia;  these eolTcnta  removing  albumin,  a  glutinous  substance* 
fiit»  and  colouring  matter*  The  silk,  after  this  treatment,  is  very  white,  soft  to  the  toiidw 
aud  d<»stitute  of  lastrw.  It  contains,  aftor  deduction  of  ash,  4 8' 63  per  cent,  carbon,  6*60 
hydrogen*  1 7*35 nitrogen,  and  perhiipB  a  little  sulphur,  besides  oxygen.  The  aah,  which  is 
iu  nonifiderable  quantity,  contains  limo,  magupsia,  ferric  oxide,  oxide  of  manganescv  and 
soda,  in  combination  with  carbonic,  sulphuric,  hydrochloric,  phosphoric,  and  silicic  acids. 

Fibroin,  when  calcined,  emita  the  odour  of  burnt  horn.  By  dry  distillation*  it 
yirlds  u  large  quantity  of  carbonate  of  ammonia,  water,  empyreumatic  oil,  and  an 
abundant  residue  of  charcoal  Dilute  aqueoua  jso^^A  doe^s  not  act  upon  it  in  the  cold, 
Imt  dissolves  it  at  the  boiling  heat  Strong  potaah-Iey  dissolves  it,  forming  a  iolntion 
which  is  precipitated  by  acids  and  even  by  pnre  water.  Solid  hydrate  of  potassiain 
conrerta  it  into  oxalate.  Fibroin  docs  not  mssolve  in  ammonia  or  iu  alialine  car- 
honata.  Strong  sidphuric  acid  dissolves  it  in  the  cold,  forming  a  thick  liqui*!  which 
forms  with  water  a  aoltition  precipitable  by  infttsion  of  gall-nuts  and  bj-  cauatic  potash ; 
the  precipitate  formed  by  potash  dissolves,  however,  in  excess  of  the  reagenL 


•  Ana.  Ch.  Pljiinn.  kI  L 
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hydrochloric  acid  dissolves  fibroin,  the  solution  turning  brown  when  heated.  Dry 
fibroin  absorbs  7 '4  per  cent  hydrochloric  acid  gas.  Fibroin  likewise  dissolves  in 
strong  nitric  acidf  yielding  oxalic  acid  when  heated,  and  in  phosphoric  acid. 

The  organic  matter  of  sponges  exhibits  the  same  characters  as  the  fibroin  of  silk ; 
after  exhaustion  with  dilute  hydrochloric  acid,  alcohol,  and  ether,  and  drying  at  100^ 
C^  it  contains : 

C  H  N         S        P         I  O 

46-51  6-31    16-15   050  190   108   27-55    Crookewit(Ann.Ch.Pharm.xlviii.43). 

48-50   6-29   1615   ash  3-59  Posselt  (t^irf.  xlv.  192). 

According  to  Mulder,  the  organic  matter  of  sponges  is  a  combination  of  fibroin 
with  sulphur,  phosphorus,  and  iodine;  but  these  elements,  with  the  exception  of 
sulphur,  do  not  form  an  essential  part  of  the  organic  matter.  (Qerh.  iv.  499.)  See 
Sponob. 


A  fibrous  variety  of  Snxni anitb  (g.  v.) 

A  fossil  resin,  isomeric  with  oil  of  turpentine,  found  together 
with  konlite,  at  Bedwitz  in  the  Fichtel^birg.  It  forms  small  monoclinic  crystals, 
melts  at  46^  C,  and  solidifies  at  36^  in  the  crystalline  stat«.  Slightly  soluble  in 
alcohol,  easily  in  ether,  and  separates  therefrom  in  tabular  crystals,  exhibiting  the 
oombination  oP .  +P.  —P.  —Poo  .  -fPoo,  but  with  the  pair  of  faces  -P 
wanting  on  the  right  of  the  orthodiagonal,  and  the  pair  +  P  on  the  left  Inclination 
of  oP  :  -Poo   «127°  45';  oP  :  +Poo   «106o  25';  -P  :  -P(on  the  orthodiagonal) 

-  990  0';  +P:  -fPConthe  same  axis)  -108®  40';  -Poo  :  +  Poo  (at  the  base) 

-  126^  50'  (Clark,  Ann.  Ch.  Pharm.  cxix.  2261  Schrotter  (Pogg.  Ann.  lix.  37), 
by  exhausting  the  pine-wood  found  at  Redwitz,  wnich  is  impregnated  with  fossil  resin, 
with  ether,  obtained  atyloretin  (a.  v.),  which  crystallised  from  the  solution,  and  an 
oily  mass  which  deposited  a  small  quantity  of  brown  resin,  and  then  a  light  yellow 
liquid,  smelling  like  benzoin,  sparingly  soluble  in  alcohol,  easily  in  ether,  and  having 
the  same  composition  as  fichteute;  it  may  be  called  liquid  fichtelite.  Analysis 
gave: 

Solid  Fichtelite,  Liquid  Fichtelite. 

Bromeis.  Clark.  Schrotter. 

Carbon  88-07  8713  88  58 

Hydrogen  10-70  12-87  1134 

98-77  10000  99-92 

Both  these  substances,  as  well  as  hartite  and  tekoretin,  have  the  composition  C'*H**. 
(RammeUbcr^a  MineralchemiCt  p.  976.) 

rzCAJtXA.  The  plant  called  pile- wort  (Ranunculus  Ficaria^  L.  Ficaria  ranun- 
culoides,  Dec.),  is  said,  by  St  Martin  (R6p.  Chim.  app.  i  425),  to  contain  a  peculiar 
substance  called  ficarin,  closely  resembling  saponin,  and  differing  therefrom  only  in 
not  being  coloured  by  ferric  chloride.  It  is  said  to  be  obtained  by  treating  the  aqueous 
extract  with  alcohol,  or  the  alcoholic  extract  with  water,  and  evaporating.  The  leaves 
give  only  traces  of  it,  the  tubers  more,  and  the  roots  a  still  hu^er  quantity. 

The  plant  is  also  said  to  contain  an  acrid  volatile  acid,  easily  decomposed  by  heat^ 
and  probably  occurring  in  all  plants  of  the  ranunculaceous  order. 

ncASnr.    See  Ficaria. 

VICZVXT&    See  ViTiANrrt^ 

rXCim.  The  stems  and  branches  of  plants  of  this  genus  yield  a  viscid  milky  juice, 
containing  caoutchouc  or  resinous  substances  resembling  it :  caoutchouc  is  most  abun- 
dantly contained  in  the  juice  of  the  stem  of  Ficus  elastica,  from  which  a  considerable 
portion  of  the  caoutchouc  of  commerce  is  obtained. 

The  milky  juice  obtained  from  the  young  stems  of  the  common  fig-tree  {Ficus  carica) 
has  an  aromatic  odour,  and  sharplv  aromatic,  bitter  taste,  reddens  litmus  slightiy,  does 
not  coagulate  when  boiled,  but  deposits  a  white  viscid  substance.  It  contains  an 
odoriferous  substance,  cerin,  a  very  small  quantity  of  a  hard  resin  insoluble  in  ether, 
caoutchouc,  a  deliquescent  extractive  matter  havmg  a  sharp,  bitter,  nauseous  taste ; 
also  gum,  albumin,  sulphates,  chlorides,  the  salts  of  vegetable  acids,  and  a  free  vege- 
table acid.    (Geiger  and  Reimann.) 

The  juice  which  exudes  fr^m  the  milky  husks  of  green  figs  contains  cerin,  a  resin 
having  a  sharp  burning  taste,  and  a  substance  like  caoutchouc.  On  exhausting  the 
husks  with  alcohol,  and  distilling  the  alcoholic  extract,  an  acrid  distillate  is  obtained, 
which  deposits  crystals ;  the  residue  is  a  resin  quite  free  from  acridity  (Landerer.) 
Dried  figs  contain,  according  to  Bley,  fat^  sugar,  extractive  matter,  chloride  of  caldom, 
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a  9H\t  fit  phosphoric  add,  v«^g«tJible  fibc*,  aod  \f)  eeed-g^^ma.  {B4>cAUd€f^s  ^ 
p.  203.) 

The  rniUi^  jnice  of  the  ftmsi^  bmidMs  of  Ftnu  elastiea  coDtaina  Tiacln  (a  dnctiH 
coft  resin,  ioBoliible  is  a!cohol>  resin,  wnx.  gum,  extrttctiTe  matter^  and  a  linuHalL 
Tbftt  of  th«  «t«!iii  is  sanilarly  coxigtituted,  but  eonuins  caoutchouc  instead  of  viam. 
(Nees  r.  Es enbeck  and  Clamor-Marqaart.) 

The  ireah  add  creamy  juice  of  i^as  Mtvesiru  (St  Hibire),  and  ^,  doliana  (Maxt\ 
South  Amerieao  sped«s,  dri«a  up  in  tha  son  to  a  reddiah^yelloir  alaatie  inaii^  i^ 
iHiTn^»'i*g  eittta-perchs,  easilj  soltible  in  ether  and  chloroform,  neari^  iaaohiliAi  ii 
alcohol.  The  fresh  juice,  when  filtered,  Icstm  od  the  fill<*r  a  whit«  leatlitirjr  insss,  €a» 
taining  ft  snbstanos  rssembling  esoutchouc  (amooating  to  111  per  cent,  of  the  rntm 
juloel  an  anunphonfl  snbstanoe  (5*2  pur  cent,),  and  a  granular  snbstaAce  (0  4*  ^ 
cent)  soluble  only  in  hot  alcohol  and  ether;  a  substance  (1'15  per  cent.)  i  '  " 
chilli  alcohol  and  ether,  a  resinous  bitter  substance  (0  2  per  cent),  and  awai^  i 
<o  3  fier  cent)  The  filtered  light  brownish  liquid  contains  4  per  cent,  of  a i 
resembling  uncrystallisaUe  sngar,  and  a  gummy  subsUnee  soluble  in  water  (togelhff 
with  the  saUs  of  an  organic  aci4  slbumin,  tannin,  and  a  amall  qnantity  of  a  fne 
organic  acid,  in  all  17^0  per  cent).  Peckolt  (Arch,  Pharm.  [2]  ct»  SI ;  trahi^tber 
d.  Chem.  1861.  p,  743). 

Ficus  ruififfinoaa^  an  Australian  species,  yields  a  resinous  exndatiotii,  ivaeiiibUQS  hk 
phorbium  in  appearance,  Tarying  In  colour  from  dirty  yellow  or  i«d  to  almost  vhife^ 
solid,  generally  brittle,  but  tough  in  the  interior  of  larso  pieces^  opaqutv  with  dull  s&4 
wax-Uke  fracture;  at  3C^  C,  it  softens  and  beGomes  pksdc,  like  gutta-peidaa,  but  not 
ptickTt  proTided  it  has  been  previously  wetted  with  water.  In  ita  natuml  state,  it  his 
neither  taste  nor  odour,  but  evolves  an  odour  like  that  of  wax  when  hemted,  and  evinefei^ 
a  characteristic  taste  on  being  masticated.  It  is  quite  insoluble  in  waf4»r,  either  bet 
or  cold.  The  greater  part  of  it  is  soluble  in  cold  oleohol,  and  a  oo>nsidenihh»  paKKm  *»( 
the  remainder  in  hot  ntlcohol  and  by  treating  it  with  these  solventa  in  muinf^siii.  it 
may  be  separated  into  the  following  constituents : 

Resinous  substance,  Syeoretin,  easily  soluble  in  cold  alcohol       .         .         .73 
Whi  te  erystallin  e  subetAncfrs,  chiefly  AcetatoofByeoceryl,  (?B^*0,  C*H*.0, 

insoluble  in  cold   but  soluble   in   warm  alcohol li 

CaoutchouCf  fragments  of  bark,  sand,  and  loss       '•*•*,    19 

Warren  de  la  Hue  and  Hugo  Miiller  (Chem.&oc  J.xr.  62).   See  Sroocmn.  and 

SvCtJURTIJI. 

1>X££DXTM.  A  mafiMivo  mineral,  resembling  grey  antimonial  eoppeir,  from  the 
neit;1iiKmrboo^1  of  Coquitiil>o  in  Chile^  soft  and  tmetuous  to  tjia  touiht  with  dark 
green  is  h-gr«y  colour,  and  rrd  streak.  An  snalysiB  by  Field  (C^tm,  Soc  Qu. 
iv.  332X  gave : 

S  Stt  Ac  Ctt  Es  Fa  Ag 

80'35        20-28        3-91        3672        7'2e        1*23         (H>7  i-*  M'Si; 

whence  Kammelsberg  (ATimra/fA^miV,  p.  993)  deduces  the  fonmila  ^ 
3kI'S.2M"Sl)S^,  the  antimony  being  partly  rt'placvd  by  aisenic,  and  the  symbol  M I 
Ln^'  for  Ccu,  Zn,  and  Fe. 

rSGirmE  STOn'fi,    Bee  Aqmji^tolitb  (i.  60). 

nx^ciO  ^cm.     C"H'«0*  or  (T'-^'-O**  ?    (Luck,    Jahrb.    pr.    Pharm. 
V29  :  JalirtslMT;  d.  Chem.  1851,  p.  o58.} — An  acid  obtained  from  the  root  of  the* 
nii>n  male  ftru,  Asptdiujn  Fiiix  »m2j.     The  extract  of  the  root  (eepeciatly  of 
collected  in  autumn),  prepared  with  anhydrous  ether,  and  concentrated  to  an  oilr  i 

fiistence,  deposits  the  acid  after  a  few  days  in  the  form  of  a  gre>eniah<yellow  powdm^ 

a  yellow  crust  which  may  be  purified  by  washing  with  a  mixture  of  alcohol  and  rfhtt, 
and  roeryatallisation  from  ether;  or  the  impiue  filicic  acid,  after  washing  with  ether- 
iJ*^>hol  and  pressing,  may  be  8Uf*pended  in  warm  alcohol,  and  dissolrad  by  addition  ei 
a  little  ammonia,  the  solution  filt-ered,  the  filtrate  being  allowed  to  dit^  into  diluls 
Jiydi'fK'hloric  aciil,  and  the  waehed  precipitate  treated  with  mLrm  alcohol  of  80  j 
cent,  till  it  no  longer  colours  the  alcohoL 

Filicic  ftcid  thus  prepared  is  a  whitish -yellow  or  light  yellow  ci^talline 
insolubh'  in  water,  weak  alcohol,  and  acetio  acid;  sparingly  soluble  in  strong  aJrah^^ 
TTort?  soluble  in  ether  (cBpeciidly  in  presence  of  a  small  quantity  of  fixed  tjil>:  the 
f»ulutioii  reddt'aa  litmus.  It  dissolTea  also  in  fijicd  oils,  oil  of  turpentine  and  i\>ck-oiJI, 
and  very  easily  in  i-ulphide  of  carlK>n.  It  melts  at  161®  C,  and  solidifies  in  ths 
uniorphous  8tate ;  dceampo»(^a  at  11  higher  temperature.  Luck  expresses  ita  conip^ 
sitiou  by  tlw  improbable  formula  C^*B**CP> 
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Filicic  acid  dissolves  readily  in  alkalis.  The  sodium-salt  forms  an  amorphous 
gummy  mass,  whose  solution  yields  with  neutral  acetate  of  lead,  a  yellowish- white 
curdy  precipitate,  which,  when  dried  in  vacuo  (as  were  also  tho  following  substances), 
has,  according  to  Luck,  the  composition  PbO.C^H^*0^^ ;  it  should  perhaps  be 
C^W^PbO^^y  or  C'»H"PbO*. 

Chlorqfilicic  acid,  C»«H>*C10»  or  C*W*C10^*  (?),  produced,  with  evolution  of  hydro- 
chloric acid,  by  the  action  of  chlorine  gas  on  solid  filicic  acid,  is  a  turpentine-like 
mass,  which,  after  solution  in  alcohol  and  spontaneous  evaporation,  separates  in  yellow- 
brown  amorphous  drops.  The  alcoholic  solution  forms  with  acetate  of  lead,  a  loam- 
coloured  precipitate,  which  contains  PbO.C^W^ClO**,  according  to  Luck ;  more 
probably  C"H"PbC10*.  When  treated  with  strong  alcohol,  it  gives  up  part  of  its 
acid.  TrichloroJUicie  acid,  C"H'»C1»0*,  or  C^W*CIW*  (?),  is  obtained  by  the  action 
of  chlorine  on  filicic  acid  suspended  in  water,  as  a  yellow  powder  insoluble  in  cold 
water,  but  soluble  in  hot  water,  and  in  alcohol,  ether,  and  oils,  both  fixed  and  volatile. 
Its  alcoholic  solution  forms  with  acetate  of  lead,  a  loam-coloured  precipitate  containing 
PbO,C«IP*a'0'*  (Luck),  more  probably  C'»H»*PbCl«0». 

ACZB.     See  Filifblosic  Acid. 

BZ-SDXPBVSZC  ACZZI.  Filicic  acid  dissolves  without  decompo- 
sition in  cold  sulphuric  acid  of  ordinary  strength,  but  by  triturating  it  with  fuming 
sulphuric  acid,  a  solution  is  formed  which,  when  dropped  after  a  few  hours  into  a  dilute 
solution  of  sulphate  of  sodium,  yields  a  precipitate  of  filimelisi-sulphuric  acid ;  this, 
when  purified,  forms  a  golden-yellow  powder,  somewhat  soluble  in  water,  more  solublo 
in  alcohol  and  ether.  Its  barium-salt  is  amorphous,  of  red-lead  colour,  soluble  in 
water.  The  formation  of  the  acid  as  above  described,  is  attended  with  that  of  butyric 
acid.  Luck  {loc.  cit.)  assigns  to  the  acid  the  formula  C^*H^*0^.SO'f  and  to  the 
barium-salt,  BaO.C^H^'O^.SO*,  both  of  which  are  improbable. 

rXX0BIiO8ZO  A.CZB.  C'«H«0*,  or  C^*^«0»  (?)  (Luck, /oc.ctV.).— Obtained  by 
dissolving  filicic  acid  in  warm,  very  dilute  potash-ley,  exposing  the  solution  to  the  air 
for  a  week,  and  precipitating  the  filtrate  with  dilute  sulphuric  acid;  purified  by 
washing,  drying,  solution  in  ether-alcohol,  and  spontaneous  evaporation.  When 
filicic  acid  is  heated  for  some  time  with  dilute  alcoholic  ammonia  to  80°  or  100°  C. 
out  of  contact  with  the  air,  the  liquid  then  precipitated  by  dilute  sulphuric  acid,  and 
the  precipitate  purified  as  above.  Luck's  filimelisic  acid  is  obtained. 

The  product  obtained  by  the  first  method,  is  an  amorphous  loam-coloured  powder ; 
the  second  yields  an  ochre-coloured  powder,  composed  of  microscopic  spherules.  Both 
are  tasteless,  insoluble  in  water,  soluble  in  alcohol,  ether,  oils  both  fixed  and  volatile, 
and  sulphide  of  carbon. 

Luck  regards  the  two  products  thus  obtained  as  different,  assigning  to  the  former 
(hia  filipelosic  acid)  the  formula  C**H^*0^,  and  to  the  latter  (his  filimelisic  acid),  tho 
formula  C**ff*0^,  though  they  agree  in  their  properties,  and  in  the  composition  of 
their  lead-salts,  that  of  the  former  yielding  31*96  per  cent  lead-oxide,  and  that  of  the 
latter  32-62  per  cent ;  the  formula  C«H"PbO*.H20  requires*  337  per  cent  lead- 
oxide. 

Chlorofilipelosie  acidy  2C"H"C10*  +  H*0  (?),  is  a  light  brown  amorphous  substance 
formed  by  the  action  of  chlorine  on  diy  filipelosic  acid  ;  and  DicMorofiliprlosic  add, 
C"H'*C1*0*  (?),  produced  by  the  action  of  chlorine  on  filipelosic  acid  suspended  in  water, 
is  a  loam-coloui^  powder,  whose  lead-salt  appears  to  contain  PbHO.C"H*PbCl*0* 
+  J  aq.  (?)  (Luck,  he,  cit.) 

n&ZZO&ZWZC  and  n]«08BnxZC  ACZB8.  When  a  recently  prepared  ethe- 
real extract  of  the  root  of  Filix  mas  is  diluted  with  a  little  ether  and  alcohol,  and  then 
shaken  np  with  twice  its  volume  of  water  and  a  little  ammonia,  two  lasers  are  formed 
after  a  while  ;  the  lower  of  which  is  brown,  and  is  s^jd  to  contain  filicic  or  filimelisic 
acid,  while  the  upper,  which  is  dark  green  and  oily,  yields  a  transparent  oil,  green  by 
reflected,  colombo-red  by  transmitted  candle-light  and  remaining  liquid  even  at  very 
low  temperatures.  This  oil  is  said  to  yield  by  saponification  a  non- volatile  acid, 
filixolinic  acid,  C**H*^0*  {barium-salt,  BaO,  C*^H*^0*),  and  after  saponification  a 
volatile  acid,  filosmylic  acid,  whose  barium-salt  contains  BaO.CIPC^,  (Luck, 
loc,  cit.)  These,  like  the  formulae  assigned  by  Luck  to  most  of  the  preceding  com- 
pounds, are  very  improbable. 

VmJLm  The  root  of  Aspidium  Filix  ftimina  (A),  and  of  Aspidium  Filix  mas  (B), 
also  the  frond  of  the  latter  (C),  all  in  the  dried  state,  have  been  analysed  by  H.  Bock 
(Arch.  Pharm.  [2]  Ixv.  257 ;  Jahresbcr.  d.  Chem.  1861,  p.  657).  Tho  results  are 
given  in  tho  following  table : 
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Volatile  oil 
Fiated  oil  , 
Stearin 

Wax. 


A. 

0-03 
1-2 


0'4 


0^ 
6*0 
10 
i-0 


VegoUljle  gelatin 
Gum.         *         * 
Albmmm    . 
Muctia 
Starch 


1-3 
20 
6*0 


0-4 
3*6 


7fi 


Pectin        ♦         .         . 

Chlorophjll 

Tnmiic  and  gallic  acidji 

Fibre  containing  stoLrch 

Ash  . 

Woodj  flbro  and  loss. 


4*0 


lO-O 

110 

21 


11*9 
16 
4*94 

60*24 


100 
1*6 
21 

46*oe 


05 


64 
67 


8-7 

110 

&0 

eo'S 


10000       100  00        100H> 


Tlie  ash  oontauiB : 

Silica 
Sand 

Sdphat?  of  calcium   , 
Ferric  phosphate 
Phosphiit«  of  calcium 
Phosphatis  «f  maprn^iii™ 
Carbonate  of  calcium . 
Chloride  of  aodinm    . 
Chloride  of  potaaaium 
Carbonate  of  potaaaium 
Loos  .         *        ,         , 


0-2 

0-9 

0*3 

0-OS 

0-1 

i-2 

0*1 
04 

1*3 
O'Sfi 

4-94 


0-01 

O-ll 
tmce 
0*16 
0-04 
0*04 
0*04 
0*22 
0-&6 
0-03 

2-10 


0*2 

0-3 
01 
0*4 

1-3 

0-3 

o-e 

1-6 
0*3 

60 


Tho  ^nnkr  deposit  which  p;raduallj'  eeltlee  down  from  the  ethereal  ezti-act  of  tha 
ftjot  iff  Aifpiilium  FiUx  tn^,  and  wai  forraerlj  nbserred  hj  Trommsdorff  and  Osaniuii 
r«'grtnioil  by  Bock  ua  the  more  aolid  portion  of  the  fixed  oil.  According  to  Lock*  it  eon- 
•tvtfl  ehieily  of  fibeic  acid  (ii  646). 

The  decoction  obtained  bj  boiling  fbni-roota  with  alcohol  yiplda^  on  additioQ  of 
wat«?r«  a  little  hydrochloric  ucid^  and  sulphate  of  sodium,  a  precipitate  oontaming  two 
tannic  acids,  viz.  pteri tannic  and  tannaipidic  acida  {q.v.) 

TC^TKATIOir.  The  separation  of  a  liquid  from  solid  matter  sitape&ded  in  il 
by  piis^in^  through  a  p:»rou9  mibetanco  which  retains  the  suspended  matter,  but  aUowi 
tlie  liquid  to  pasa  through.  Varioas  materials  are  uacd  for  tnia  puipose,  &oooidiDg  to 
the  nuture  of  the  hquid  to  be  filtered;  yia.  paper,  linen,  catlco,  woollfm  clotli^  sand 
fine  and  coarse,  pounded  glass,  charcoal,  &c ;  but  for  analytical  operations^  and  for 
most  laboratory  preparations,  the  material  need  is  nneiKed  ^aper.  Far  a  training  vitcid 
liquids,  such  assy  nips  and  whito  of  ^gg,  whidi  will  not  readily  paaB  through  paper;  cloth 
tiltcrH  uTt'  nscd  ;  and  corrosiro  liquids,  such  aa  stxntig  acida  and  caustic  alkaline  eolntiona^ 
iiiiiy  Ir^  filtered  tbrougb  pounded  p^lass. 

PapiT  for  fiUmtioQ  must  be  sufficiently  poTona  to  allow  liquids  to  paai  thfoiagh  il 
quickly.  The  depr^  of  porositv  rrtjuirtHl  Taricft  of  course  with  the  particnlavjNixpoae 
[o  which  thi*  paper  ia  to  be  applied  :  for  analytical  operations,  it  muat  be  sufficient] 
I  loac-grHined  to  sirrest  the  passage  ctph  of  very  fine  solid  particles.  In  some  \ 
fjit»torieH,  the  rt^juisite  degree  of  poro.-i ty  ia  given  to  the  paper,  by  leaving  the  ^  _ 
wheetfli  to  frc4^J!*i  at  a  winter  t^mperaturo;  the  expansion  of  the  water  in  frveaing,  Srpa- 
rateu  the  filtres  of  the  paper  from  one  another,  and  pves  it  a  regular  porosity  which 
fHnnut  h('  attdini^d  by  any  other  method.  Paper  which  filters  slowly  may  be  impiOTed 
in  quality  by  this  treatnit^iit-. 

All  paper  containi^  a  certain  quantity  of  inorganic  material,  and  mostly  1«aTee,  whe 
incinerated,  a  <^ujuitity  of  ash  suiScient  to  induce  appreciuble  error  in  analytical  op«n 
tions»  H<*nce  it  is  necessary,  either  to  remove  the  inorganic  matt<*r  by  digesting  th  _ 
filters  in  dilute  nitric  acid,  and  afterwards  washing  them  thoroughly  with  dlstilied 
water,  which  is  a  tedious  and  troublesome  operation  — or  else  to  defermixio  the  quan* 
rify  of  ii«h  left  by  the  filt**r  sind  allow  for  it.  For  this  purpose*,  ten  or  twelre  filtew  of 
each  sire  used  in  thcliibonitory  for  analytical  pur|x>ifes,  should  bebttfut,  the  ink  of  each 
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lot  weighed,  the  qiiantity  of  ash  left  by  an  individual  filter  thence  calculated,  and  a 
record  kept  of  the  results. 

All  this  trouble  may,  howeyer,  be  saved,  and  analytical  operations  greatly  facili- 
tated, by  using  the  Swedish  filtering  paper,  which  is  prepared  at  Fahlun  and  Lessebo, 
with  a  spring-water  nearly  as  ]pure  as  distilled  water.  This  paper,  besides  having 
the  property  of  filtering  veiy  quickly,  being  prepared  in  winter  as  above  mentioned,  is 
singularly  free  from  inorganic  matter,  giving  up  scarcely  anything  to  dilute  adds, 
and  leaving  when  incinerated  only  0*2  per  cent  ash.  A  sample  of  this  ash  analysed 
by  Plantamour  yielded  63*23  per  cent,  silica;  12*83  lime;  6*21  magnesia;  2*94 
alumina ;  and  13*92  ferric  oxide. 

Paper  filters  are  of  two  forms,  plain  and  folded.  They  are  sold  ready  cut  in  cirdes 
of  various  sizes.  To  make  a  plain  filter,  it  is  only  necessary  to  fold  the  paper  twice, 
so  as  to  give  it  the  form  of  a  quadrant ;  and  this  when  half  opened,  forms  a  cone 
whose  edges  meet  at  an  angle  of  60^ ;  the  funnel  on  which  the  filter  is  laid,  should 
therefore  also  have  its  sides  inclined  at  60°.  For  collecting  precipitates  which  are  to 
be  afterwards  removed  from  the  filter  by  washing  or  otherwise,  the  plain  filter  is 
decidedly  the  best  form ;  but  when  the  predpitate  is  only  a  refujae  product,  or  need 
not  be  very  carefully  removed  from  the  filter,  and  the  prindpal  object  is  to  filter 
quickly,  folded  filters  are  to  be  preferred,  because  the  folds  leave  channels  between  the 
paper  and  the  surface  of  the  funnel,  which  facilitate  the  passage  of  the  liquid. 

The  following  method  of  making  a  folded 
filter  is  given  by  Mohr  (Lfhrbuch  der  phar-  ^^9'  *79. 

maceutischen  Technik,  p.  217).     The  circular  m 

filter  is  first  folded  in  halves  along  the  line 
a  a'  (fy.  479),  and  then  in  quarters,  making 
the  fold  m.  The  filter  is  then  a^ain  haS 
opened,  as  in  the  figure,  and  a  is  laid  on  m, 
forming  the  fold  6,  also  a  on  9n,  forming  b'. 
Next  a  is  laid  on  b\  forming  c,  and  a'  on  5, 
forming  c' ;  then  a  is  laid  on  6,  forming  d,  and 
a  on  b'f  forming  d^.  All  the  folds  thus  pro- 
duced are  turned  the  same  way,  namely,  '^ 
with  their  concavities  upwards.  The  next  thing  to  be  done  is  to  make  folds  between 
each  of  these  turned  the  contrary  way. 

For  this  purpose,  a  is  first  laid  on  b  in  the  fold  <f,  and  then  turned  back  to  (2, 
making  the  fold  a ;  then  a  d,  as  they  lie  together,  are  turned  over  to  c  and  folded  back 
to  6,  making  $;  ad  bis  laid  on  m  in  the  fold  b  and  turned  back  to  c,  making  y ;  and 
lastly,  a  d  bcis  laid  on  c' and  turned  back  to  m,  making  8.  Corresponding  folds  are 
then  made  on  the  other  side,  viz.  by  laying  a'  on  b'  and  turning  it  back  to  <f ,  then 
a'  <r  on  c'  and  back  to  A* ;  then  a'  d"  b'  onm  and  back  to  c',  and  a'  cT  b'  c'  on  o  and  back 
to  m.  If  the  filter  be  now  opened,  all  the  folds  wiU  be  found  directed  alternately  out- 
wards and  inwards,  excepting  a  a  on  the  one  side,  and  a'  a  on  the  other ;  all  four  of 
which  have  their  convexities  outwards.  Intermediate  folds  turned  inwards  must 
therefore  be  made  halfway,  between  a  and  a,  and  between  a'  and  a  ;  and  then  all  the 
alternate  folds  will  be  in  contrary  directions.  The  whole  thing  is  much  easier  to  do 
than  to  describe. 

A  folded  filter  of  simpler  construction,  and  containing  a  sufficient  number  of  folds 
for  most  purposes,  is  nude  as  follows.  The  circular  d^k  of  paper  is  first  folded  in 
halves  and  quarters  as  before.  It  is  then  half  opened  as  in  Jiff.  479 ;  a  is  turned  over 
to  ffif  making  the  fold  6,  and  a'  to  m,  making  b' ;  then  a  is  turned  back  to  6,  making  d, 
a'  to  b\  making  d^ ;  lastly,  a  d  bis  turned  backwards  to  m,  making  c,  and  a'  d!  b*  also 
backwards  to  m,  m^^lring  c\  On  opening  the  filter,  all  the  folds  are  found  to  be  alter- 
nate in  direction  excepting  a  d  and  a!  cT^  between  which  intermediate  folds  are  to  be 
made  as  before.    Folded  filters  fit  best  into  funnels  of  about  60°  aperture. 

Before  coUecting  a  predpitate  on  a  filter,  the  filter  must  be  moistened  all  over  with 
water  or  alcohol,  as  the  case  may  be ;  otherwise  the  first  portions  of  the  predpitate 
are  very  apt  to  run  through  and  render  the  filtrate  turbid ;  it  is  also  advisable  to  leave 
the  precipitate  to  settle  down  in  the  predpitating  vessel  to  a  considerable  extent^  then 
to  pass  the  dear  liquid  through  the  filter,  and  afterwards  pour  the  precipitate  upon  it, 
(see  Decaictation,  p.  308).  Most  precipitates  filter  best  after  boiling.  The  size  of 
the  filter  should  be  such  as  to  leave  at  least  half  an  inch  of  dear  margin  when  the 
whole  precipitate  is  collected  upon  it ;  otherwise,  portions  of  the  precipitate  are  very 
apt  to  creep  over  the  edges  during  washing. 

In  washing  precipitates  for  (quantitative  analysis,  it  is  desirable  to  use  as  little 
water  as  possible,  as  the  evaporation  of  wash-waters  always  takes  a  considerable  time : 
care  should  therefore  be  taken,  after  adding  eAch  portion  of  water,  to  let  the  last 
drop  run  through  before  adding  any  more,  and  the  wash- water  must  bo  tested  from 
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time  to  timo  by  eTaporating  a  drop  of  it  on  pljitinTim*foil»  tlie  iraeliiiig  being  c 
till  a  drop  thus  eTaporattfd  IcHTes  110  residue.     It^musl  not  be  forcott^Ji,  lioweT«r,  L 
numj  prmpitates  are  sligbtly  soluble  in  water,  and,  then^fore,  the  wash-vat«r  wfa 
rone  from  tnem  wiH  always  le^r&  a  trifling  residue*    In  flnch  case,  t<^ting  with  r^* 
agenti  must  be  rc^^rtcd  to. 

When  the  quantity  of  water  u»od  fopwaahitig  is  immat^al,  a&  in  most  prepar 
a  continuous  mode  of  waihing  may  b©  adopted.  There  are  many  waya  of  ei 
thia.     The  aimplcst  ia  to  fill  a  flask  with  water  and  inTert  it  with  its  montli  dipping 


Fig,  480. 


Fig.  481. 


fe 


Fiff,  482. 


below  the  water  in  the  titer,  Bupporting  it  on  a  stJind,  as  ehown  in^.  480.  Ap  the 
liquid  by  filtration  falls  below  the  lip  of  the  bottle,  air  will  cuter,  and  let  down  a  fttssh 
Bupply  of  water  to  feed  the  flitter, 

Anatbcr  conveniont  appanitua  for  continnoua  washing  is  the  siphon-bottle^  ahown  in 
^4/,  481.  The  iKjttom  of  the  bottle  ii  placed  on  a  lewl  with  the  surface  of  the  wari>r 
in  the  filter;  air  is  blown  in  through  th©  tube  m  till  tho  siphon-tube  a  ta  ^ed  with 
water;  and  m  is  then  drawn  np  to  Buch  a  height  that  air-bubbles  may  pass  tiiroogh  it 

as  tJie  liquid  sinka  in  tlie  filter. 

Liquids    holding   in    eolation  enlbfiianoei  i 
which  Beparate  out  on  Tery  alight  rwioclion  ■ 
of  temperature^  often  require  to  be  filtered  at 
the  boiling  beat.     For  this  piupoae  the  fflaw  \ 
funnel  eoiitdining  the  filter  is  plaeed  within  i 
a  donble  funnel  (jip.  482),  dosed  on  aU  sides  ^ 
excepting   at    the    apertures   a    a^   one   fbri 
pouring  in  water,  the  other  for  the  eeeaps 
of  vapour,  and  having  on  one  side  a  pro- 
jecting tube  closed  at  fr,  to  which  h*at  i» 
iippliej^l  by  a  spirit  or  gas-flame.     The  Tiiiil 
is  filled  with  water  or  oil  according  to  thia] 
temperature  required.  1 

Water  for  economical   purposes   may  b^  i 
freed    from    turbidity  by  filtering    thmagll 
»Eind.  A  large  caithen  fbnnel^  or  stone  bottle 
with  the  bottom  beaten  oat»  may  have  it* 
neck  looBely  stopped  with  small  8ton<«r  over 
which  smaller  p^ tones  may  be   placed*  sap*  ^ 
porting  Inycra  of  gmvel  iucreasing  in  fineness^  and  la&tly  covered  to  the  depth  of  a  tow 
inches  with  fine  sand,  all  thorou|»liJy  cleuneed  by  washing.     Thie  ap^Mtfatos  is  saneiior 
to  a  filtering  stone,  as  it  will  cleanse  water  in  large  quantitieSt  and  may  readdy  be 
renewed  when  the  pansage  is  obstracted,  by  tuking  out  and  washing  the  npper  atmhuiL  i 
of  sand.  1 

A  similar  method  is  nsed  for  filtration  of  water  on  the  larpe  scale.  (See  €rraham*$ 
EXemcnU  of  Chnnistry,  2nd.  ed.  vol  I  p.  317  ;  also  the  article  Fn^TRaTtON  in   Urt*9 
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Dictionary  of  Arts^  Manufactures^  and  Mines,  ii.  206,  which  likewise  contains  many 
usefol  details  relating  to  filtering  in  manufacturing  operations.) 


Pearl  sinter, — ^A  variety  of  opal,  occurring  in  the  cavities  of  volcanic 

tufa,  in  smooth,  shining,  globular  and  botryoidal  masses,  having  a  pearly  lustre. 


A  mineral  containing  62*3  per  cent,  silver,  together  with  sul- 
phur and  antimony,  found  in  the  Kurprinz  mine,  near  Freiberg,  and  at  Androasberg. 
Forms  delicate  monodinic  crystals  grouped  like  8tilbit«.  Hardness  »  2,  specific 
gravity  s=  4*2  — 4-3.  Lustre  pearly,  adamantine.  Colour  hyacinth-red.  Translucent. 
Sectile  and  somewhat  brittle.     (Dana,  ii.  88.) 


Fire-clays  are  hydrated  silicates  of  alumina,  capable  of  resisting 
exposure  to  high  temperatures  without  melting  or  becoming  in*  a  sensible  degree  soft 
or  pasty.  They  occur  immediately  below  the  several  seams  of  coal  in  the  carboniferous 
formation,  and  would  appear,  from  the  frequent  remains  of  Stigmaria  which  they 
contain,  to  represent  the  soils  of  those  luxuriant  forests,  which  by  heat  and  pressure 
have  been  converted  into  coaL 

The  plasticity  of  clays  depends  upon  the  combined  water  which  they  always  contain, 
and  which  is  expelled  at  a  red  heat  Hence,  a  clay  once  burned,  recovers  none  of  its 
plasticity  when  wetted. 

The  relation  of  the  silica  and  alumina  in  fire-clays  is  very  variable,  as  is  also  the 
amount  of  silica  which  exists  in  them  in  an  uncombined  condition,  or  as  sand.  Thus 
in  five  German  clays  examined  by  Dr.  Percy,  the  total  percentages  of  silica  existing 
as  sand,  as  hydrate,  and  in  combination  with  bases,  were  as  below : 

13  8  4  5 

SiUcaassand        .        .        .    66-95        4740        16-20        29-63         18-29 
„     as  hydrate  .        .        .       1-39  106  106  -91  -98 

„     combined  with  bases  .     18-69        2698        45*63        37*74        4663 

Total  siHca  .        .         .     77*03         7644         62*78        68*28        64*80 

The  most  celebrated  and  refractory  fire-clays  are  those  obtained  at  Stourbridge,  in 
Worcestershire,  and  there  extensively  manufactured  into  furnace-bricks  of  all  kinds, 
gas-retorts,  glass-house  pots,  &c,  the  very  finest  and  purest  samples  being  alone 
devoted  to  this  last  application.  The  clay,  as  brought  from  the  mine,  is  sorted  into 
qualities  (best^  seconds,  ofial,  &c.^,  according  to  its  appearance  and  the  size  of  the 
lumps,  all  such  portions  as  exhibit  streaks  or  spots  of  iron  pyrites  or  other  metallic 
substances,  being  rejected. 

A  pure  silicat*^  of  alumina  is  the  ideal  typo  of  a  pure  clay,  and  the  nearest  approach 
to  this  standard  is  presented  by  some  of  the  French  clays,  of  which  analyses  are  eiven 
below.  The  impurities  commonly  present  are  oxides  of  iron,  lime,  magnesia,  and  the 
alkalis ;  frequently  also  small  quantities  of  organic  matter,  the  occurrence  of  which  is 
usually  unimportant,  as  it  is  burnt  off  in  the  process  of  firing. 

The  silicates  of  alumina  are,  as  is  well  known,  almost  infusible,  while  the  double 
silicates  of  alumina  with  other  bases  are  readily  melted  at  a  comparatively  low  tem- 
perature. The  importance  of  selecting  clays  free  from  these  impurities  is,  therefore, 
obvious,  since  the  fiisibility  of  the  substance  increases  directly  with  their  amount ;  it 
is  found  in  practice  that  4  or  at  the  most  6  per  cent,  is  the  maximum  of  oxides  of  iron, 
lime,  magnesia,  and  alkalis  together  which  can  be  present  without  rendojing  the 
mineral  useless  for  its  finer  applications,  while  the  samples  most  sought  after  contain  not 
more  than  from  2  to  3  or  3  J  per  cent,  of  those  bases.  It  is  also  found  that  the  presence 
of  a  certain  percentage  of  siuca  is  essential  to  constitute  a  "  strong "  clay,  while  any 
considerable  increase  in  the  proportion  of  alumina  tends  to  produce  a  "  weak  "  clay, 
deficient  in  cohesion  and  unable  to  stand  the  severe  tests  to  trhich  it  is  subjected  in 
the  manufacture. 

It  may  be  here  observed  that  the  colour  of  a  raw  clay  generally  presents  no  indi- 
cation whatever  of  its  value,  the  variations  in  its  shade  being  caused  by  minute  quan- 
tities of  organic  matter.  Neither  does  the  colour  of  a  burnt  clay  afibrd  by  any  means 
an  accurate  criterion  of  its  quality  ;  for  although  the  presence  of  a  large  quantity  of 
iron  is  sufficiently  palpable,  the  other  and  equally  injurious  impurities  produce  no 
effect  upon  its  tint. 

A  firebrick  or  pot  of  good  quality  and  properly  burned,  is  nearly  white,  or  of  a  pale 
cream  or  pinkish  colour,  free  from  black  spots ;  the  colour  of  a  potsherd  or  fragment  of 
a  glass-house  pot>  after  exposure  to  the  intense  heat  of  the  furnace  for  many  weeks, 
approaches  to  dark  grey,  or  black,  the  fracture  being  almost  vitreous,  and  the  t^xtun? 
compact.  A  brick  or  pot  which  has  been  exposed,  as,  for  instance,  in  the  crown  of  a 
glass-house  fiimace,  for  a  shorter  time,  presents,  upon  the  face  next  to  the  fire,  the 
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Bam«  Appeamnce  us  a  potsherd,  graduoOy  cbanging  from  thd  soHace  mwiuda,  jmd 
bei^g  repilAOod  firt>t  by  a  reddibti  colotir,  and  fiBaJly  by  the  original  shade  of  the  brick 
orp^ 

It  18  probable  that  th&  Hmt  f^fTeet  of  heat  ia  merely  to  peroxidiiie  the  iron,  pcodadng  i 
a  red  colour,  while  the  application  of  a  continued  higher  temperatare  prodaces  a  red  1 
eomhinatmn^  with  a  oirresponding  development  of  tlie  grey  or  black  colour  of  tha  | 
silicate  of  aluminium  and  irou,  and  possibly  a  reduction  of  the  iron  to  the  state  of  i 
miigtietic  oxide. 

The  drying  and  burning  of  the  claj  is  attended  with  a  considerable  diminution  of 
bolk,  and  it  becomes  a  matter  of  much  importance  to  reduce  this  ahiinking  to  a  mini- 
mnm  ;  a  result  effected  by  the  admixture  with  the  tempered  clay  of  a  certain  quantity 
of  calcined  clay  and  potsherds  grotind  to  a  coarse  powder.  The  proportion  of  pot&herds 
and  calcined  clay  added  to  raw«elay  varies  much,  according  to  ^e  plasticity  of  the 
latter,  and  the  judgment  of  the  manufacturer.  A  proportion  of  ^  potsherds  to  the 
raw  cla^  is  adopted  by  many. 

The  importance  of  this  admixture  was  wt*ll  illustrated  in  a  recent  trial,  in  which  the 
defendant  alleged  that  the  quality  of  clay  supplied  to  him  by  the  plaintiff  wis 
inft^rior,  while  the  plaintiff  afiormed  that  the  destruction  of  the  crown  of  the  arches  in 
defendant's  glass  furnaces  was  the  natural  consequence  of  bis  using  an  unusually  sad 
improperly  small  amount  of  potsherds,  whereby  the  shrinking  had  been  incneasrd,  and 
the  fissures  thus  piwlueed  between  the  bricks  had  acted  as  painii  cfappui  for  the  fire, 
at  which  fusion  bad  taken  place.  The  coce^uence  was  the  production  of  droppiaa 
or  **  tears  "  of  melted  clay,  which  had  &llen  into  tha  gloss  below  and  destrojea  it  m 
large  quantities. 

A  bridt  mwinfiictured  from  best  Stourbridge  clay,  without  admbtttire  of  potaherd^ 
and  9  inches  in  length,  contracted  on  burning  |  of  an  inch,  and  Bubsequently,  after 
21  days  exposure  to  a  white  heat  ^  more ;  a  very  fine  clay  from  Tarn  worth  (No.  9  in 
Table  II.),  rich  in  silica,  contracted  only  J  of  an  inch ;  while  an  inferior  and  highly 
aluminous  clay,  soapy  to  the  touch  and  extremely  plastic,  shrank  under  like  drcum- 
stiinces  1|  inch. 

Tables  L   and  U.   exhibit   the  composition   of   several  fire^daya,   British   and 

Tablb  L  —  Compositiim  of  Continental  Fireclay, 


Silica  .... 
Alumina  .    ,    * 
Sesquioxide  iron 
Magnesia .    .     . 
Lime    .    .    ,    , 

d*i  Eaux. 
Berth  ter. 

St. 
Atti»ad. 

Berthfef. 

crucible!. 
Borthler. 

Ardennet. 
Sslv^Ut. 

Doardvi» 
SrlB^-et- 

Olta. 
ds!tT«(st. 

Labou- 

Muutlu^oo. 
BcrtbWr. 

73 

27 
trace 

'    73-3 
240 

2-7 

70-9 

24-8 

3'8 

trace 

fl3*67 
27^46 

■la    ; 
trace 

8*e4 
1-27 

60^60 

26-39 

2-60 

'  *8  4 
9-20 

65-40    1 
26-40 
4-20 

12-00 

68-76 
2640 
2-50 
261 
trace 
11-06 
1*46 

Wat^r,  combined 
do.  hygroscopic 

•    « 

-    ' 

'     •    j 

Biley  (Chem.  Soc.  J.  xiL  13;  xv.  311)  has  aliown  that  nearly  all  clays  contain 
small  quantities  of  titanium,  which  may  be  delecttHl  and  tstimated  by  treating  the 
aUIcii  (separtited  in  the  usual  way  by  fusion)  with  carbonate  of  sodjt,  and  with  hydro- 
fluoric acid  containing  a  little  sulphuric?  acid*  The  sdicon  is  then  volatilised  as 
fluoride,  while  the  titanium  remains  m  the  form  of  titanic  anhydride,  TiO*.  (For  tba 
details  of  the  method,  see  Sn .icon  anu  Titakium.  ) 

T^mi  UL^Pcrcenta^t  of  Siiica  and  Titanits  anhydride  in  »ever<U  stmqaUsw  €/ 

Firt'brick, 


Stourbridge 
t*  * 

Newcastle    . 


Wortley,  Leeds   . 
Hjiwardpn,  North  Wiiles 
y*^llow  London  Clsy 
Ewell  brick,  Surrey 
Binas  bricks  South  Wales 
Black  Alder,  Di'voiishirr 


6511 
6842 

60*49 
60-60 
65-86 
62-96 
62-39 
64-62 
91-84 
y433 
7616 


TJO* 

0-GO 
0*42 
0*67 
096 

0-C9 
O'oO 
trace 
trace 
trace 
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FIRE-DAMr-FLAME, 


The*  explosive  mixture  of  mAffih-gitfi  and  air,  which  accoJiitilmt^P  < 
I  in  ooiJ-mLneti.     (See  CoAt,,) 

iJtm     See  OvkU 

rXRS-STdWB.     A  stone  which  will  bear  the  heat  of  a  furnace  without  ii^Jiirjr.  1 
Th*3  Urtii  in  gtinerally  applied  to  the  BMndtrtono  occuiring  &t  thu  top  of  tiie  ux^pc  L 
I  KLtid  in  the  south  of  England,  which  is  frt^uentlj  uaed  Ibr  llmng  kihis  and  funia(OMw| 
(Se«  Ur?s  Dktimiary  of  Manufactures^  Stc  iL  224,) 

I'SRis-'lxrosss.    See  PYBOTBcmrr. 
rxmS-^XTOOB,     See  Wood. 

FZSCBIOtZTX.     KtfctlTe  phosphate  of  alumimum  £roiii  Nischne  Tagiisk.    (St#i 

PISB-OS£.     Sf  e  Oils, 

rXXSn  iLZS.     Corhouic  acid  gaa. 

7XXZTV',     The  converse  of  Yoktility. 

TImAXJB^'WISZTM*    a  tenn  applied  iodlBCrimm&telj  to  ptu«  whlt«  lead,  and  t» 

hasU  riitHite  of  bisTuuth. 

FXilSCS*  The  nature  of  flame,  and  m&njr  of  the  conditions  on  whieh  its  hefttang 
nnd  ilium inating  power  deti end,  have  already  been  considered  in  the  artide  CoMBtrs* 
Tio!f  (i.  1 094-1 102).  We  huve  here,  howevor,  to  give  an  account  of  the  results  obtiuned 
by  Frankland  rtspecting  the  manner  in  which  the  heat  and  light  of  flames  aod  of 
burning  bodies  in  genoml  are  aflected  by  the  density  of  the  Borrounditi^  sir,  (Phif 
Tmns,  1862,  p.  629  :  abatr.  Ppoc.  Roy.  Soc  xL  137,  366.) 

I^att  of  Cfrmhitstian. — From  comparative  experiments  made  on  the  oombmitloii  ol 
ptearin  candleii  on  the  summit  of  Mont  Blanc  and  in  tlie  valley  of  Chamoiuiix,  sod 
from  further  experiments  on  the  burning  of  candles  and  coal-gas  in  artificially  nreAed 
I  itmosphere^,  it  is  found  that  the  rate  of  buimng  of  camlles  and  other  boditw,  the 
^flames  of  which  consijit  of  matter  volatilised,  and  Bubsequeutly  burned  in  cotntact  with 
the  air,  is  not  fiensibly  affected  by  the  prcBsnre  of  the  medium  which  supports  the 
combustion-  But  in  self-supporting  combuatiblc8»  Uko  the  time -fuses  of  shells,  the 
rate  of  combuation  depends  essentially  on  the  pressure  of  the  iiiediam  in  which  they 
are  dtHagruted.  Tliia  fact  was  first  pointed  out  by  Quarter-niaster  Mitchell,  an 
artillery  officer  stationed  in  India,  who  found  that  the  fn&es  of  Bhells  burst  longer 
Ht  f^levated  stations  than  when  ignited  near  the  sea-leveL  From  his  observmtloiii^  Uid 
from  experiments  performed  by  Dr.  Frankland  on  the  combustion  of  tuiie*/iis€9  in 
artificially  nirefied  air«  it  is  found,  that  in  the  combustion  of  lihdl-fusos,  (iU  imcrrmfmU 
of  time  are  pffportional  to  the  decrements  ofprtuute^  each  diminution  of  one  inch  of 
barometric  prejisure  causing  a  retardation  of  one  second  in  a  thirty -eeoond  fii8« ;  ov 
each  diminution  of  atmospheric  preasore  to  the  amount  of  one  menmnal  inch  in- 
encasing  the  time  of  burning  by  one* thirtieth* 

Thia  remarkable  difftrence  in  the  infinenco  of  atmospheric  pressure  on  the  rate  of 
combustion  oi  candles,  &c.,  on  the  one  hand,  and  of  self-supporting  combostibles  on  the 
other,  arises  from  the  dlOiTeiit  conditions  of  combustion  in  the  two  csjses.  In  the 
combustion  of  a  candle  there  is,  at  all  pressures,  a  sufficient  supply  of  combustible 
matter  kept  up  at  Uie  base  of  the  exposed  portion  of  the  wick:  for  the  capillarity  of 
the  wick  is  not  afiFin^ted  by  presKure,  and  the  t<^mfit*rature  of  the  flame  remains  nearly 
constant,  the  greater  mobilify  of  the  gMcs  in  the  rarefied  atmosphere  compensating  for 
the  smaller  number  of  particles  of  oxygen  within  a  given  apace:  hence  the  rate  of 
combustion  is,  wfthin  certain  limits,  independent  of  the  ptesaure.  In  the  fuso,  oo  tha 
contrary,  the  composition  contains  within  itself  the  oxygen  necessary  for  its  oamho*- 
tioii,  and  a  certain  degree  of  heat  only  is  tipcessary  to  bring  about  chemical  combiiia^ 
tion.  If  this  heat  were  applied  simnltanoously  to  every  part  of  the  fuse-compositioti, 
the  whole  would  bum  almost  instantaneously.  Under  ordinary  cireumstanrcs,  bow^ 
ever,  the  fiiee  bums  only  at  a  disc  perpendicular  to  its  axis  ;  and  the  time  occupied  in 
its  deflagration  depends  on  the  rapidity  with  which  each  soccpssive  layer  of  the  eoro- 
position  is  heated  to  the  tempemturo  at  whieh  oombnstion  takes  place.  This  h«at 
necesHnry  to  deflagration  is  derived  from  the  products  of  the  combustion  of  the  layer 
'  immediately  preceding,  and  the  amount  of  heat  thus  communicated  to  the  atjJl  on- 
burnt  layer,  depends  in  a  great  measure,  on  the  number  of  particles  of  these  heated 
products  which  come  into  contact  with  that  layer.  Now,  aa  a  largo  pniportion  of 
those  products  are  gaseous,  it  follows,  that  if  the  pressure  of  the  surrounding  medium 
be  diminished,  the  number  of  ignited  t^iiBCOUH  particles  in  cotitact  at  any  ons  moment 
with  thegtill  unignited  disc  of  composition  will  also  be  diumiishod.  fienee  the  aJow^ 
rate  of  deflagration  iu  rarefied  air. 
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Infiutnct  o/preuiin  on  ihe  Luminosity  of  Flamf9, — On  the  aummit  of  Mont  Blnnc, 
eimdleH  btirnea  with  u  Tery  feeble  ligbt»  and  Bub»oquent  exiH^rimHutij  with  ordinary 
coal-go^  and  with  naphthiUiBed  gas  (which  has  twice  aa  mueu  illumiiiatiiig  power  aa 
comuion  coal-gii«X  ^Q  artificially  rarefied  atmosphorcfl,  have  nhown  that  the  bright neas 
of  oniinary  tiamea  incr^taes  and  dimiiiiahcs  with  the  prt'Sffure  of  the  supporting  medium, 
and  that,  when  the  air  is  rarefied  from  the  ordinary  atmoapberic  pre«8xire  down  to  a 
pressure  of  14  inchea  of  merciir)\  the  light  of  the  flame  decreases  lu  exact  proportion 
to  the  density  of  the  air  ;  below  this  limit,  th«  luminosity  diminishes  at  a  somewhat 
lower  rate.  Bptwecn  the  limits  of  pressure  above  mentioned^  the  amount  of  diminu* 
tton  is  expreeeed  by  the  following  law:  Q/"  100  units  of  lights  emitted  by  a  gas-Jlamd 
burmng  wi  <^r  at  a  pressure  d/30  inehts  ofmercur^f  5' I  uniU  are  estinffuishm  by  ^ck 
reduction  of  (me  mercurial  inch  of  aimospherio  presiure. 

Under  inereaaed  pressure,  the  brightness  of  a  flame  fed  with  amyHc  alcohol,  was 
found  to  incroaae  in  direct  proportion  to  the  pressure,  up  to  a  limit  of  2  atmospheres ; 
beyond  which,  the  increase  of  Light  was  much  more  rapid,  and  attended  with  a  great 
deal  of  smoking. 

Tho  eatiBo  of  these  Yariationa  of  Imminoflity  is  as  follows.  The  li^ht  of  ordinary 
fiames  is  derived  almost  wholly  from  the  separution  of  carhon  particles  within  the 
fiame.  and  is  increased  by  the  aogmcntjitioii  of  the  amoimt  of  carhon  thus  precipitated, 
and  by  an  incpeatied  temperature  in  the  flame  •,  whilst  it  is  diminished  by  the  se- 
paration of  less  carbon  (and,  therefore,  ceeteris  parihun^  by  more  complete  combustion) 
and  by  a  reduction  of  temperature.  Now  Davy  found,  and  hia  conclusion  has  been 
conflrm<»d  by  Frankland,  that,  withiu  certuin  limits,  rarefaction  and  compression  do 
not  exert  any  considerable  iuHuence  on  the  heat  of  flame  :  in  fact,  thotigh  the  tempe- 
rature protiticed  within  the  flame  is  lowered  by  rarefaetion^  the  escape  of  heat  from  its 
exterior  is  tiiudered  hy  the  sam«  process^  the  rt»sult  being  that  the  actual  temperature 
nndeigoefi  but  Httle  alteration.  Hence  the  loss  of  light  in  rarefied  air  does  not  proceed 
from  reduction  of  temp'orature.  Neither  is  it  due  to  imperfect  combustion :  for  the 
gases  cvolred  from  a  caudle-flame,  burning  under  a  pressure  of  only  eight  merenrtal 
inches,  are  found  to  hare  tho  same  com  position  as  those  from  a  flame  burning  under  the 
ordinary  pressure.  On  the  other  hund,  the  separation  of  carbon  pttrticles  is  augmented 
by  increased  pressure.  Candles  evolve  much  smoke  when  burnt  under  a  preaBore  of 
two  atmospheres ;  and  even  a  small  alcohol  flame,  which  bums  with  a  pure  blue  light 
at  ordinary  pressures,  becomes  highly  luminoiis  in  air  four  times  compressed.  Flames 
which  smoke  at  ordinary  prfsaiires,  la'come  smokeless  in  mrefied  air,  and  undergo  more 
complete  combustion.  Whilst,  therefore,  the  light  of  flames  is  due  to  the  aeparation 
of  carbon  particles,  the  latter  owo  their  momentary  exifitem^  to  the  abeemoe  of  soffi* 
cient  oxygen  for  their  combustion ;  consequently,  any  influence,  which  caiieefl  the  more 
rapid  int«r[>enetration  of  the  flame-gases  and  the  external  air,  must  reduce  the  amount 
of  precipitated  carbon,  and  Ci:»nsoquently  the  luminosity  of  the  flame  Bare&ction 
exercises  precisely  such  an  influence,  by  increasing  the  mobility  of  the  gaseous  parti- 
dee,  and  thus  causing  the  access  of  a  larger  amonnt  of  oxygen  to  the  region  of  the 
flame  where  precipitated  carbou  prodctces  luminosity. 

The  luminosity  of  a  flame  is  not  however,  entir^dy  due  to  the  ignition  of  minute; 
carbon  particlee  floating  within  it,  a  small  portion  of  the  light  being  derired  from  tlie 
incandescence  of  the  gaaeoua  matters.  This  latter  source  of  illuraination  does  not 
ordinarily  furnish  more  than  about  1  per  cent,  of  the  total  amount  of  light,  but  at  yet^ 
low  prcHsures,  at  which  but  little  carbon  is  separated,  it  becomes  much  more  promi- 
nent. Now  this  light  emitted  by  incandescent  gaseous  particles  is  not  affected  by 
pressure,  and  hence  arises  the  deviation  from  the  law  of  diminution  of  light  in  propor- 
tion to  pressure,  which  ifl  oboerred  when  the  pressure  is  reduced  to  a  very  small  amotint 
(Frankland.) 

rXiJLtmr.  A  yellow  dye  stuff  imported  from  America,  in  the  form  of  a  dark  brown 
powdfT,  and  used  as  a  substitute  for  quercitron  bark  {Napitr'a  Manual  of  the  Art  of 
Di/einffy  Glasgow,  1853.)  According  to  Konig  (J.  pr.  Chero.  Ixxi.  98),  it  is  identical 
with  quercitrin,  and  pplits  up,  under  the  inflnence  of  acids,  into  sugar  and  querc^tin ; 
but  according  to  Boll ey  (Dingl  pol.  J.  cxlv.  134),  it  is  not  of  constant  oompositioQ, 
sometimes  containing,  not  quercitrin,  but  qucrcetia,  which  posseoea  mmh  greater 
colouring  power, 

n*AVlV]mr.  (Gerh.  ui.  663.)  A  fiubsfance  apparently  isomeric  with  indin 
and  indigo-bhie,  produced,  together  with  hydHndin  (g.  v.\  by  the  action  of  potash  on 
indin  or  on  disulpliisathide.  It  remuiua  in  the  alkidine  mother-liquor  from  which  fhe  hy- 
drindin  has  separated  ;  and  on  adding  an  acid  to  this  liquid,  a  light,  floccnlent,  yellowish 
precipitate  is  obtained,  which  is  a  mixture  of  hydrindin,  sulphur,  sometimee  ft  tmuU 
quantity  of  indin,  and  flavin  din.     The  flavindin  may  be  obtained  in  larger  quantity  by 

See  the  aftiek  CoAL-CAt  in  lire'*  Dittianartf  ^^  drtit  Mam^ttmre*,  and  Uint§,  L  73G. 
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continning  the  ebullition  with  potAsli  for  a  longer  time ;  it  is  pimfied  bj  soluliati  id 
water  coQlaiDing  a  f^^w  drops  of  ammouis,  add  pr«dpitation  with  hvdroclilorte  acid. 

FlaTiudin  iii  of  a  pale  v^llow  colour;  it  dijaolTsa  sparingly  in  boiling  alcohol,  asd 
pepantes  tbere&om  in  mu^roBoopic  8tellAt<«  needles.  When  heated,  it  appeon  to  be 
almost  wboaytnLDsfbnned  id  to  a  white  aubatance,  vhich  aublim^  in  neodlw  reiembJisg 
benaoie  acid 

flanndin  gives  by  analjsia  72'6  per  cent,  carbon^  and  382  hydrogetw  whoooe  it 
appears  to  haTe  the  aame  composition  as  indigo-blue.  Ita  ammoniacal  aolulion  yield« 
with  nitrat'C  of  sQver  a  jbUow  precipitate^  which  leavM  <m  calcination  42  per  cent 
eavei-(C*H«AgNO»?). 

r^AVIirs.  C'*H'*X«0,  (Laurent  and  Chancel  Compt,  Cbim,  184»,  p,  lU.) 
An  organic  base,  isomwric  with  diphenyl-carbiimide  ^1  766),  produced  by  the  actiaa  of 
eulphydrato  of  ammonimn  on  dinitpobenzophenone  (i.  662), 

C^'H*N*0»  ^  6H'S  ^  C"H»*K«0   +  iH^O  +  S*. 

It  forma  fine,  pale  yellow,  or  colourleas  neodlea»  nearlr  inaoluble  in  waf.«iv  but  i 
ble  in  alcohol  and  ether.     Gives  off  phcDykmine  when  msod  with  potash, 

IfjIfdrochloraU  of  Flavine  czystalliaea  in  elongated  lumirijc,  Terr  soluble  in  ' 
aofnewhat  lees  soluble  in  alcohol ;  it  is  decomposed  by  diBtiUation,  jrielding  a  email  < 
tity  of  whitej  pnlTemlent  sublimate,  and  leaving  a  bulky  residue  of  charroaL 
ehUmtatinate,  C^'H"NH>.nCLPtCl\  is  a  yellow,  pulveralent  precipitate,  obtained 
fhim  ailut«  solutions. 

FlnTino  was  regarded  by  Laurent  and  Chancel  as  identical  with  dipbenylearbamid 
N\CO)''rC«H»)'n";  but,  according  to  Hofmann  (Pjoc  Boy.  Soc  x.  (502),  it  does  i 
exhibit  the  properties  of  a  carbamide  or  urea. 

r&AS.    Linum  fmtatissimum.    This  plant  is  extensively  cnltlrated  in  Lr«>lan4.' 
Belgium!,  Fraufe,  and  Russia,  both  for  its  fibre,  which  is  the  mw  material  of  linen^ 
and  for  its  seed,  which  jields  by  pressure  a  fixed  oil^  ciiUed  linseed  oiL  and  a  reaida  " 
maiB,  caEed  linseed-cake,  or  oil-cake,  extensively  used  na  food  for  cattle.     The  i 
plant  takes  np  from  the  soil  a  large  amount  of  mineral  matter,  es^pociaUy  of  the  i 
Talnable  constituents,  potash  and  phosphoric  acid,  and  waja  therefore  formerly 
garded  as  one  of  the  most  exhausting  crops.     But  neither  the  pore  fibre  nor  the  i 
contains  any  of  these  mineral  constituents.     The  inor^nic  matter  of  the  seed  i 
in  the  cak^,  which,  being  used  to  feed  cattle,  may  be  returned  to  the  soQ  aa  i 
On  the  Continent,  inferior  ciuuiities  of  csike  are  ground  to  a  coarse  powder,  and  eith 
applied  to  the  soil  as  a  topHiressLug,  or  steeped  in  a  liquid  mnnnrey  and  the  ma 
spread  out  on  the  land  in  that  state,    (See  Ldcsebo.) 

The  stem  of  the  flax  plant  consi«^Js  of  an  inner  part  or  core,  sometimes  hollow,  hutl 
more  frequently  solid,  composed  of  Ilgneoua  matter,  surrounded  with  a  hark  of  f 
tho  true  Linen  fibreSi  which  are  united  to  each  other  by  a  gum,  the  whole 

eheathcd  in  a  tine  epidermiB.     To  separate  the  linen-fibre  from  the  gum  and  \ ^ 

matter,  the  stems,  when  pnlled  and  separated  from  the  seed-capenlea,  are  steeped  in  I 
pond  or  running  stream,  for  a  period  varying  from  7  to  21  days;  they  then  und 
kind  of  fermentation  or  putjefaction,  attended  with  the  evolution  of  sulphi 
hydrogen  and  other  fcctid  gabies,  which  decompoaea  the  gum  and  loosens  the 
fhim  one  another  and  from  the  woody  core;  this  process  is  called  retting. 
stems  are  then  washed,  and  the  fibre  is  raechanicaMy  separated  from  the  woody  core  b]^! 
an  operation  eaUed  scutching,  which  consists  in  bruising  the  stems  thoroughly,! 
that,  while  the  fihre,  from  its  tenacity,  remains  intact,  the  brittle  woody  port  is  flattenei 
and  broken  in  sueb  a  m[inner  as  to  admit  of  its  being  easily  beaten  off  by  the  action  ( 
the  scutch-blade  or  scutch -mill.  The  greater  part  of  the  mineral  matter  ia  removed  i 
the  steeping  and  wash-water,  b  which  state  of  solution  it  is  easily  returned  to  the  soil. 
Another  portion  remains  attached  to  the  woody  matter,  which  is  genendly  Ui<ed  as  fuel, 
the  mineral  substances  of  couise  remaining  in  the  ash,  which  may  Hkewiae  be  used  a^J 
mannreu  By  thus  returning  to  the  soil  the  mineral  matters  removed  by  the  growioci 
plant,  flax  may  bo  rendered  one  of  the  least  instead  of  one  of  the  most  exhanstive  ot  * 
agricultural  plants. 

The  following  analyses  of  the  ash  of  the  stem  and  aeed  of  flax  will  show  that  it  cou- 
tmns  hirge  quiintities  of  alkali  and  phosphoric  acid. 

1-7.  Belgiiin  and  Irish  flax  (Kane,  Phil  Mag.  [3]  ixiv.  98;  xxxi  36,  105;  J,  pr, 
Chem.  xxxii.  364 ;  xli.  434;  Jahresbpr.  d.  Cliem.   1847-8,  p.  1085). — 8-lL  RiiasiaaJ 

(Mayer  and  Bra Kier,  Cliem.  StK:  Qu.  J.  ii78;  Jahre*fber.  1849,  p.  fi86,) 12-18," 

English  {Way  und  n^ston,  Koy.  Agr.  Soc.  J,  ix.  [2]  617;  Jahreaber.  18o0, 
p.  669),— 19-20.  (Reich,  Jahresber.  18S0,  p,  670).— 21.  22,  24,  25,  (Way  and 
Ogstou,  loc.  ci^,)— 23.  Rammel8bcrg(Jahpeabor.  1847-8,  p.  1075.) 
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In  Kane's  imnljrsii*,  the  amount  of  sulphuric  aidd  Tarie«  inreMely  sa  that  of  0bt 
carb'^rnc  add  (f>.  of  the  orgmoie  adds);  and  notwithflUoding  the  great  vaHatioDtis^ 
ivlutive  quantitiwi  of  the  MTcrol  husea  (the  ferric  oxide  in  the  Tarietj  from  Armagib 
amounting  to  1 3 '52  per  cent,),  the  capacity  of  the  boAes  in  the  ash  for  organic  acidi  u 
nearly  thesam*^  in  ull^  being  represented  hy  an  arooant  of  13 '28  per  ceiU.  ojcjrgen  in  the 
Belgian  and  Diit^sh,  and  13-^3  per  cent  in  the  Irish  fiax. 

The  rcsnltii  of  Mayer  and  Braider's  aualjHe*  agree  nearlj  with  those  of  'Kane,  «>  f« 
aa  regarda  the  lime  and  phosphoric  acid  ;  hut  in  all  other  respects  they  differ  considitr- 
ablj.  In  most  of  Kane  s  anolysea,  the  potash  and  soda  are  nearly  eqnal ;  wbexcaa  ia 
those  of  Mayer  and  Brazier,  the  potaah  greatly  exceeds  tJie  eoda^  Kane  alao  fooai 
alununa  in  most  of  his  Ram  plea,  whereaa  Mayer  and  BraEier«  and  indeed  ail  other 
chemistD  who  haTe  analysed  flajt-aah,  found  none. 

Analysea  12,  13  (Way  and  Ogston)  show  that  the  eoarse-fibred  Tarieties  ivmrnt 
from  the  soil  a  laioer  qunntity  of  potaah  and  of  mineral  constitueDt«  in  gtneral  this 
the  fine-fibred  Mnds.  In  all  caoea,  howcTort  comparatively  little  of  the  more  Yainabb 
mineral  constitnenta  remain  frith  th«  acutched  fibre,  the  greater  fisrt  being  diaMhvl 
out  ID  the  retting  or  steeping  pioeeaat  and  another  portion  remaining  with  the  woedj 
matter  separated  by  scutching. 

The  soils  on  which  the  samples  of  flax  analysed  by  Kane  were  grown,  were  mOB<jj 
sandy  loaixin.  r^ry  light  and  porons,  rich  in  nitrogenous  matter^  and  ooloored  tike 

wat*»r  in  which  they  were  boiled,  small  quantities  of  alkalia  and  SAlta  then ■'" 

into  solution.    Their  compoeition  is  given  in  the  following  table  : 


Tablb  IL^Compimtion  of  Ft^ix-^cil, 


Sol  It  4rl*d  aUOO"  C.  from  : 

I 

i 

3 

1 

6 

$ 

Etcatn^fflet, 

H«inin<'fO|r, 

A  dlitiict 

A  fond 
flax  dfa- 

rrawkin 

Heett«rt 

bettCUx- 

beit  fl4X.lftti4 

ri«>i<*i"(i 

Uncoln 

ne»r 

iRfid  or  the 

of  the  Ant- 

orilr wild 

|H)taah  .... 

Courrrij. 

Courtrty 
dliirlct. 

werp  di«- 
trict. 

Ani  and 
poor  cropi. 

tmn  io 

HolUnd. 

0-160 

0123 

0068 

0151 

0583 

0^554 

Soda 

fl'298 

01+6 

0410 

0-206 

0-3(>6    I 

av33 

Ferric  oxide    .     . 

3  298 

1663       1 

1-202 

1-543 

6-047 

4Soa 

Manganic  oxido 

trace 

trace 

trace 

. 

tnnff 

Kttr»nj|tT. 

Alumina     .    .     . 

2102 

l-.-iSS 

0  125 

0-988 

5626 

»-065    1 

Lime     .... 

O3o7 

0227 

0481 

0*360 

8043 

5538 

Hiigne«ia   ,     ,     , 

0202 

0153 

OHO 

0142 

0105 

0052 

Sulphuric   anhy- 

dride .     ,    .    . 

0025 

0017 

0-013 

0-026 

0023 

<MU 

Phosphoric    „ 

0^21 

01^2 

0*064 

0-193 

015 

0^22 

Chloride   of   So- 

dinm  .     ♦     .     . 

OOIT 

0030 

0067 

0-009 

0*023 

0^67 

Chiy 

14-920 

9280 

6760      , 

4-4W 

17080 

Sand      .... 

76080 

Bi'0G6 

86797 

88-385 

60-947 

80-702 

Organic  matter; 

residual  mois* 

ture    .    .     ,     . 

3^23 

2-3&1 

4-209 

3-672 

6*841 

5328 

Usa 

0297 

O'lOO 

0-964 

.     . 

0  217 

100004) 

100-000 

lOO'OOO 

100081 

100*000 

100204 

The  samples  1-4  of  ftax  in  the  table  (p.  657)  were  grown  on  soil  No.  4 ;  sample  5  la 
the  name  table  on  9oQ  No.  5. 

The  so-called  "  warpa  '*  is  found  on  the  river  H umber,  and  forma  the  mnddy  hoi  ton 
of  the  flax-landn  t»f  the  west  coast  (of  Ireland?). 

Kane  re^frarde  the  fertility  of  the  celebrated  Belgian  flax^soils,  i,  e,  their  giT>at  light* 
nesa,  aa  well  a*  their  amount  of  alkalis,  phosphoric  acid,  and  magnesia,  aa  the  rvsnlt 
of  diligent  eultivation  with  animal  manure,  such  ci^ti ration  requiring  only  a  light 
aandy  aoil,  with  enough  loam  to  make  it  coherent 
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Table  III. — Compo$Uion  of  Russian  Flax-soils,    Mayer  and  Brasier 
(Chem.  Soc  Qu.  J.  ii.  78). 


Organic  matter 

Sulphuric  anhydride 
Phosphoric        „ 
Feme  oxide .     .    . 

Soluble  in     Manganic  oxide    . 

dilute  hy-     Alumina  .... 

drochloric  '  Lime 

acid.  Magnesia.    .    .    . 

Potash     .... 

Soda 

Chloride  of  sodium 

Insoluble    /Silica 

in  dilate  J  Ferric  oxide  .  .  . 
h^drochlo- I  Alumina  .... 
nc  acid.      (Lime 


Liefland. 


4-717 

0154 
0-140 
1-807 
trace 
1192 
0-376 
0-201 
0-501 

0-045 

79342 
trace 

11-627 
trace 


100-101 


KurUnd. 


4030 

0-088 
0054 
2-377 
trace 
1-873 
0-782 
0-130 
0-324 
0-132 
0025 

81-500 
trace 
6114 
1-873 


99*302 


Lithuania. 


4-344 

0-121 
0-080 
3190 
trace 
2142 
0-498 
0-180 
0-547 
0045 
0042 

85  094 
trace 
2-245 
0-878 


99-406 


EsthUnd. 


4-863 

0-162 
0160 
2021 
trace 
2-010 
0-795 
0-362 
0-373 
0048 
0-079 

80-568 
trace 
6-755 
2-012 


99-208 


Mayer  and  Brazier  also  give  the  following  as  the  result  of  treating  these  soils  witli 
water  and  hydrochloric  acid,  and  determining  directly  the  quantities  of  substance 
dissolved. 

Table  IV. — Russian  Flax-soiJs. 


Soluble  in  hydrochloric  acid  .     . 
Insoluble  residue 

Liefland. 

Kurland. 

Lithuania. 

Bfthlaiid. 

0086 
0-229 

0170 
0-312 

0-153 
0-442 

0-150 
0-458 

0-315 

7-259 

92-425 

0-482 

6917 

92-601 

0-696 

7-243 

92-162 

0-608 

8-712 

90-681 

99-999 

100-000 

100000 

100001 

The  proportions  thus  determined  of  matter  soluble  and  insoluble  in  hydrochloric 
acid,  do  not  quite  agree  with  those  found  by  the  elementary  analysis  of  the  same 
soils  given  in  the  preceding  table.  All  these  soils  are  distinguished  by  their  richness 
in  alludi,  especially  potash,  and  in  phosphoric  acid. 


Tabls  V. — Composition  of  SUfp-waiers, 


Potash 

Soda 

Lime 

Ferric  oxide    .     .     . 

Sulphuric  anhydride 

Phosphoric     „     .    . 

Hydrochloric  acid    . 

Carbonic    anhydr ," 
organic   matter,  • 
and  loss    .    .    } 

100,000    pts.    water 
left  on  evaporation 

100  ptf .  of  evaporation-retidu*  yielded  : 

8-740 
28-620 
6-940 
0-866 
0-514 
8064 

25-765 

20-511 

a 
4181 
11-607 
8-435 
1-360 
6-633 
8-435 

8-68*2 

50-658 

3 

15-762 
30-232 
17-829 
1-630 
2-684 
11-627 

2-580 

17-856 

4 

5-406 
28-298 
5484 
1192 
6-200 
9-300 
0079 
7-764 

36288 

ft 
8-205 
19-277 
3-613 
7-601 
1183 
5-607 

9-439 

45-075 

100000 
61-70 

100-000 
139-69 

100000 
50-68 

100-000 
4511 

100  000 
42-40 

rv  2 
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Stfi^water. — Kane  has  analysed  sereral  waters  (Table  V.)  in  which  flax  is  steeped. 
1 .  Water  of  a  large  pool  (forming  a  peat-bog)  fed  by  the  Scheldt,  dear,  with  the  excep- 
tion of  H  small  quantity  of  suspended  matter. — 2.  Of  a  pool  used  for  flax-stoeping  near 
Hammezog  in  Belgium,  also  fed  by  the  Scheldt  The  flu  is  left  in  it  for  six  weeks.  At 
tho  beginning  of  the  process,  the  surface  of  the  water  becomes  covered  with  a  regetable 
gro\iih,  which  disappears  as  the  retting  proceeds :  the  workmen  then  ahorel  up  the 
mud  from  the  1x>ttom,  and  make  the  flax  sink  with  it ;  it  was  at  this  stage,  that  the 
sjimplc  of  water,  very  muddy,  was  taken  for  analysis.  —  3.  Another  pool  from  a  dif- 
ferent part  of  the  country,  nearly  clear.  —  4.  From  the  river  Lrys,  which  rises  in  tfa« 
north  of  Franco,  and  flows  through  the  west  of  Belgium :  it  is  regarded  as  the  bet 
steejvwater  in  the  world ;  and  yet  there  is  nothing  in  its  chemical  composition  to 
account  for  its  being  so  peculiarly  favourable  to  the  steeping  of  flax.  —  5.  from  Hoi- 
land. 

Tlie  following  arc  two  analyses  of  retting  waters  by  C.  Schmidt  (Ann.  Ch  Pham. 
Ixxxiii.  321) ;  a  from  the  Linnajerw-soe  surrounded  by  marshes,  six  miles  south  of 
Dorpjit ;  it  generally  yiohls  a  beautifully  white  flax,  but  in  windy  weather  «Mn*»wM 
colonn'd.  h  from  the  Kullajerw-see  in  the  same  neighbourhood  ;  which  bein^r  pro- 
tect od  from  the  wind  by  surrounding  woods,  yields  a  imiform  pnjduct.  Both  watrts 
arc  clear  and  colourless,  and  leave,  when  evi^rated,  a  brownish  residue,  whidi 
effervesces  with  acidn,  after  being  carbonised.  1  cubic  metre  of  the  water  yielded  the 
following  quantities  in  grammes. 


Tablb  yi.—8leep^aters. 


Chlorine 

Sulphuric  anhydride 

Pliosplioric       „     . 

Potassium 

Sodium  . 

Lime     . 

Magnesia 

Ferric  oxido  . 

Oxygen  of  tlie  alkalis 


Inorganic  matter   . 

Organic  matter  and  ammonia 

Anhydrous  substance     . 


a. 

6, 

21-85 

43-45 

106 

203 

2-51 

21-01 

10-20 

181U 

2004 

5445 

413 

10-67 

1-43 

6-^S 

1-36 

612 

414 

1287 

66-72 

174  68 

6810 

9962 

.       134-83 

274-30 

Hot-water  steeping.— The  ordinary  steeping  process  takes  from  one  to  six  weeks. 
accordmgtothe  temperature  and  state  of  the  weather.  In  1847,  however  a  nrw 
syst-em  of  retting  was  introduced  into  Ireland,  by  Mr.  Schenck  of  New  Yoifc  This 
consists  in  immersing  the  flax-stems  in  a  large  tank  containing  wat<»r  kept  at  the  tem- 
perature of  about  90°  R,  by  means  of  a  coil  of  pipe  through  which  steam  is  pas^i 
The  higher  temperature  greatly  accelerates  the  process,  which  is  completed  inabc^ut 
40  or  90  hours,  according  as  the  water  used  is  soft  or  hard.  The  gas  evolved  durimr 
the  process  is  usuaUy  stated  to  contain  sulphuretted  hydrogen;  but,  accoixlinc  to 
Hodges,  it^consist«  m  100  vol.  of  22-29  carbonic  anhydride,  44-30  hydrwrcn  and  33-41 
oxygt'ii.  Three  samples,  A,  i?,  C,  of  scutched  flax,  which  had  been  rettS  bV  this  rro- 
cess,  were  found  by  Hodges  (Chom.  Gaz.  1864.  p.37  ;  Brit.  Assoc.  Rep.  1857  p"  r»6- 
Jahresber.  d  Chem  1854,  p.  800  ;  1868,  p.  667)  to  have  the  composition  givJn  in  the 
following  table.  All  three  samples  wero  dried  at  100°  C;  .4  losimr  9*10  B  8-61 
and  C  12  0  per  cent,  water :  -o        v,  ^  o  «., 


Wax ;  volatile  oil  and  acid ;  resin  . 
Sugar  and  substances  soluble  in  alcohol  . 
Inorganic  substances  soluble  in  alcohol  . 

Gum  and  pectin 

Salts  insoluble  in  alcohol         .... 
Azotised  substances  soluble  in  water,  casein,  &c. 
Azotised  substances  insoluble  in  water    . 
Inorganic  substances  united  with  the  fibre 
Woody  fibre 


A, 

2-200 
1-541 
0-281 
0-698 
0076 
3-560 
2-940 
0-238 
87-974 


B. 
2-620 
0-624 
0  116 
0-280 
0044 
1-386 
4-310 
1-490 
89136 


a 

1-.360 
5-630 
2-830 
0-360 
0-080 
6-834 
4-269 
2-500 
82137 
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A  sample  of  Conrtraj  flax,  retted  by  the  ordinary  method  and  scutched,  gare,  when 
dried  at  100°  C.  (with  loss  of  8*40  per  cent  water),  2*30  per  cent  wax  and  oil,  6*60 
axotised  snbst&nces,  casein,  &c. ;  7*59  gum,  sugar,  and  colouring  matter,  1*05  inorganic 
matter  (ash),  and  82*56  woody  fibre. 

The  sample  A  of  flax  retted  by  Schenck's  process,  yielded  (after  drying  at  100^  0.) 
1*40  per  cent,  B  1*54  per  cent  ash,  having  the  following  composition: 


K<0 

Na»0 

NaCl 

CaK> 

M^O 

Fe<0» 

P20» 

SOS 

CO« 

81  Oi 

7*94 

219 

2*75 

29*24 

4*64 

3*72 

5*23 

6*00 

2817 

10*45  «  100-44 

1*85 

7-63 

1-77 

2708 

0*70 

7*40 

10*40 

3*12 

1910 

21*31  -  100*52 

Several  methods  have  been  proposed  for  disintegrating  flax  fibre  by  mechanical 
means,  without  previous  fermentation,  and  cleansing  it  by  the  use  of  acids  and  alkalis ; 
but  they  have  not  been  adopted  in  practice  to  any  great  extent  For  a  description  of 
these  methods,  and  for  full  aetails  relating  to  the  mechanical  operations  to  which  the 
fibre  is  subjected  to  convert  it  into  linen,  the  reader  is  referred  to  the  excellent  article 
on  Flax  in  Ur^s  Dictionary  of  Arts^  Afanttfactures^  and  Mines^  ii.  226. 


The  flesh  of  animals  is,  anatomically  considered,  a  complex  tissue  made 
up  of  several  morphological  elements,  viz.  true  muscular  fibre,  connective  tissue, 
nerves,  blood-vessels,  and  lymphatics.  Muscular  fibre  is  of  tWb  kinds,  striped  or 
striated,  and  non-striated  or  plain;  the  former  constituting  the  basis  of  the 
voluntary  muscles ;  the  latter  occurring  in  the  muscular  coat  of  the  stomach  and  intes- 
tines, and  in  several  other  viscerse.  The  primitive  bundles  of  striped  fibre  are  enclosed 
in  a  thin  homy  tissue,  called  the  sarcolemma ;  a  number  of  these  bundles  are  united 
by  connective  tissue  into  larger  bundles,  and  these  again  into  entire  muscles,  the  con- 
nective tissue  being  more  or  less  filled  up  with  fat-cells.  The  plain  or  non-striped 
fibres  have  either  no  sarcolemma,  or  a  very  indistinct  one,  not  generally  recognisod, 
and  are  merely  joined  together  by  connective  tissue.  The  entire  mass  of  a  muscle, 
whether  striped  or  plain,  is  moistened  with  an  acid  liquid  called  the  flesh-juice  or 
muscular  juice;  which,  however,  is  much  more  abundant  in  the  striped  than  in 
the  plain  muscles. 

The  chemical  differences  between  striped  and  plain  muscularfibre  will  be  considered 
in  the  article  Muscttlab  Tissxtb.  At  present  we  shall  treat  of  the  fiesh  as  a  whole,  as 
it  is  used  for  food 


Tablb  I. — Composition  of  Muscular  Fleshy  according  ^VonBibra.    {Traxtk  de 
Chimie  ginhaU^  par  Pelouze  et  Fremyy  vi  263.) 


Kum  of  Anliqij' 

1 

j 

jl 

ll 

ill 
Ii 

•^ 

k 

J 

i 

< 

1 

hi 

"ll 

Bfiin:  pcctonl  muf£l«i   . 

i&m 

V 

;» 

On 

HO         1 

\*n 

4'?4 

7^*4fi 

Womiin :  ,,             ,^         >        . 

L&^frl 

i-!ja 

3-7  J 

2-07 

a^ao 

li'Ah 

Ok  1  mii^ciet    «       ,       ,       . 

iroA 

3*0 

]*S  i    1-3 

inoFi 

.   . 

T7'Jin 

W^M  duck:  pectoirai  miucla  < 

JT-Cfi 

2-6J* 

4\2 

133 

a-ai 

71'Tfii 

Cfirp;  heut    .        ,       ,       . 

^0 

,V5f\*  [    .    . 

VI    1    %0    1 

,    . 

90  ID 

SUi^       „        .       .       .       , 

mo 

2  30*1    .     . 

1    ^4 

O'i 

.    . 

w        w 

7*:^ 

Vmx :  muicUi  ,        .        *        . 

16-33 

a-0 

S-P3 

ire 

ISO 

TVIA 

KW:        ..         .        .        .        . 

woo 

fA 

%m 

.    . 

TfiW       ' 

Pir:  htmit       .       ,        ,       .. 

16  10 

^Adf*     .   , 

OS    L    IT 

,   p 

.    t 

1S40 

FaicoiiT  heart  .        .       .        . 

9^4i 

1-31         .     . 

r3G 

2  1.1 

tt^ 

Sl'lT  1 

133G 

1-39         .     . 

4&i 

a-BO 

1-33 

r6)d 

I7fl» 

l-ns 

TS3 

!f7(J 

71-ao 

Fraifi  (HTtflrtl  muielct  • 

11*77 

1  se 

WA^ 

»4A 

i>i6 

(W33 

Slwallow  1  muicrlei   *        .        • 

TfiST 

tfiD 

ry97 

GHH 

«-« 

U^i 

Ifitrten  t  mutclei     . 

lf^4 

1-99 

3^11 

Sit 

9*CK3 

7frCM> 

Sparrow        „           d        i        . 

l*9» 

ie& 

7  a 

aao 

3^03 

70-32  !■ 

Pi^«-«n :  ht-Ari .       ,       «        . 

ir-o 

<»•  1    .   , 

l-a 

10 

^  , 

-    ■ 

TfifW 

€tikk«n      »,..,. 

IfrSO 

ao*  1  .   . 

V2 

1-4 

■frd 

.  ■ 

«    . 

7730 

ChickeB:  mmclH    . 

ir/so 

3ft 

t-2 

^'^ 

C('C 

,  ^ 

m        w 

nao 

Troot:  bf'Aft   .       .       .       . 

11-10 

41      J    .    . 

Ct 

fHfl 

s^a 

.  ^ 

,        . 

wvm 

Fox :  muKlvi  <       .       .       > 

,  t&-» 

^m 

4'3^t 

"   ■ 

l-M 

947 

1 

*  The  uterisks  Indicate  that  the  alhanta  was  not  ceagolated,  and  contained  a  portion  of  blood-clot. 
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FLESH. 


Marechal  (Compt  rend,  zzzir.  591)  has  determiiMd  the  nvoportion  of  wmter,  drf 
miucular  sabstance,  and  fiit  in  100  ^  of  the  mnsenlar  fleen — free  from  eonncctht 
tiaaue,  bone,  &c.— of  the  following  ammala,  eonunonly  need  ae  food : 


FIf. 

Ox. 

Sbatp. 

Fowl. 

Cair. 

Water        .... 

6»7 

72-6 

78-6 

78-7 

74-4 

Muscular  flesh  free  from  frt 

24-8 

260 

28-4 

24-9 

227 

Fat 

6-0 

2-6 

8-0 

1-4 

2-9 

It  appears,  from  these  resolta,  that  the  fleah  of  the  ox  oontaina  the  lugest  propor- 
tion of  nutritive  (flesh-forming)  matter,  and  in  decreasing  series,  that  of  the  fowl,  pi^ 
sheep,  and  calf.  This  must,  howeTer,  be  understood  as  appljing  to  the  real  muscokr 
substance,  not  to  the  entire  flesh  as  sold  in  the  market 

Girardin  (Compt  rend,  xll  746)  has  determined  the comnosition  of  Ameriemn  nit 
beef  and  bacon  (imported  into  France  in  1866)  ••  compared  with  French  beef  and 
bacon. 

Table  IL—Compoaiiion  of  Salt  Beef  and  Baeon. 


Water       .    .    . 

Salt  Beet 

B«».                        i 

French. 

American. 

French. 

American.      { 

Fresh. 

Dried  mt 
lOQOC. 

AsUken 

from  the 

cask. 

Dried  at 
100»C. 

Freth. 

Dried  at 

KKPC. 

from  the 
auk. 

Dried  It 
100=  C 

76-90 

. 

49-11 

,      , 

69-66 

•       • 

44  06 

Fibrin  and  con- 

nective tissue 

16-70 

6614 

24*82 

48-78 

9-68 

31-80 

21-28 

38-03 

Fat       .... 

101 

419 

0-18 

0-36 

11-77 

38-66 

701 

12-53 

Albumin 

2-26 

9*34 

070 

1-88 

3-20 

10-61 

0-40 

0-71 

Extractive  mat- 

ter     .... 

206 

8-55 

3-28 

6-44 

3-46 

11-33 

3-91 

6^9 

Soluble  Balia      . 

2-96 

12-24 

2107 

41-39 

1-64 

6-39 

22-82 

40-78 

Loss     .... 

013 

0-64 

0-84 

1-66 

0-86 

2-82 

0-62 

U-96 

Sum   .... 

10000 

10000 

lCO-00  ;  10000 1 

10000 

100-00 

100-00 

100-00 

Nitrogen        per 

cent        .     .     . 

300 

12-68 

4-62 

910 

3-73 

12-26 

3-20       6-73 

Phosphoric  acid 

(FW)p.c. 

0-22 

0-93 

0-62 

1-22 

0-66 

1-81 

0-33       0-69 

Chloride   of  so- 

dium per  cent 

0-49 

203 

11-62       22-6 

0-60 

1-63 

11-61      2074 

In  the  dark  brown  brine  in  which  the  beef  from  America  had  been  salted,  Oirtrdin 
found  62-23  per  cent  water,  1*23  albumin,  3*40  other  organic  substances  (total  amount 
of  nitrogen  0  267  per  cent),  0*4  phosphoric  acid,  29 '01  chloride  of  Bodinm,  3'66  other 

salts. 


Tablb  UL^Campontum  of  Lean  and  Fat  of  Pork,  salted  and  tmm^ted 
(Lassaigne,  J.  Chim.  mM.  [3]  ix.  166). 


100  pts. 

Flesh  of  ham  (lean)    . 
Breast  marbled  with  fat 
Back  .... 
Unsalted  fat  .     . 
Salted  fat    . 
Salted  lean 


contain 


71  water,  28-6  organic  substance^  0*6  Nad,  KCl  a 


29 
60 

10    , 

8*8, 

66*8. 


70-6 
39-6 
89-7 
83-3 
28*8 


0-4 
0*4 
0-8 
7-9 
14*4 


NaCl 


a  and  b,  together  with  alkaline  carbonates. 


For  the  results  of  Lawes  and  Gilbert's  researches  *'  On  the  Composition  of  some  of 
the  Animals  fed  and  slaughtered  as  Human  Food "  (Pioc.  Boy.  Soc  iz.  348),  aee 
NuTBinoif. 
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Tablb  IV Campositum  of  the  Flesh  of  Fish 

(Pay en,  Compt  rend,  zzxiz.  318). 


Ray  .  .  . 
Conger-eel  . 
Salt  cod  .  . 
Salt  herring  . 
Fresh  hemng  { 
Whiting 
Mackeiel 
Sole  . 
Dab  . 
Salmon 
Pike  . 
Carp  . 
Barbel 
Bleak  . 
Eel.  . 
Gndgeon 


Water. 


75-489 
79-909 
47029 
48-998 
70-000 
82-960 
68-276 
86-144 
79-412 
76-704 
77-630 
79-968 
89-349 
72-889 
62076 
76-889 


Dry 
latMUnce. 


24-611 
20091 
62-971 
61-002 
30000 
17060 
31-725 
13-866 
20-688 
24-296 
22-470 
23-032 
10651 
27111 
37-924 
23111 


Fat 


0-472 
6021 
0-383 
12-718 
10-300 
0-383 
6-768 
0-248 
2-068 
4-849 
0-602 
1-092 
0-212 
8134 
23-861 
2-676 


Inorganic 
lolMtances. 


1-706 
1-106 
21-320  • 
16-433t 
1-900 
1-083 
1-846 
1-229 
1-936 
1-279 
1-293 
1-886 
0-900 
3-263 
0-773 
3-443 


Nitrogen. 


3-846 
2-172 
6-028 
3112 
2-460 
2-416 
3-747 
1-911 
2-898 
2-096 
3-268 
3-498 
1-671 
2-689 
2000 
2-779 


100  parts  of  the  dried  flesh,  free  from  fat,  of  the  following  fish,  were  found  by  Payen 
to  contain: 


Carbon. 

Hydrogen. 

Nitrogen. 

Oxygen. 

Ash. 

Eel 

62-999 

7-474 

14-644 

19-296 

6-687 

Mackerel 

61-616 

6-902 

15-836 

10-608 

6139 

Sole 

48-796 

6-581 

16-460 

20-032 

9-132 

Barbel    . 

46927 

6-800 

16-636 

22-783 

8-956 

The  following  analyses  by  Schmitz  and  Mulder  (TraiU  de  Pelouee  et  Frimy, 
Ti'.  254)  exhibit  the  elementary  composition  of  the  muscular  flesh  of  certain  flshes,  free 
from  &t  and  inoiganie  matter. 


Tablb  Y. ^Muscular  Flesh  of  Fuhes. 


Carbon  .     . 
Hydrogen  . 
Nitrogen    . 
Oxyeen .     . 
Sulphur.    . 

Scbmitx. 

Uaider. 

JlmviatiUt. 

Melobmtka 
wtHgaris. 

Jnodonta 
entea. 

Solia 
vmt. 
garii. 

Rkom- 
ktubar- 
baimr 

OoAtf 
imtgui. 

62-14 

7-10 

16-22 

26-64 

62-39 

718 

16-44 

24-99 

62-36 

7-20 

16-20 

26-26 

62-08 

714 

16-34 

25-44 

52-40 

7-34 

16-33 

24-93 

52-50 
7-26 

6314 

6-99 

16-49 

0-84 

53-69 

7-11 

16-40 

12-50 

100-00 

100-00 

100-00 

100-00 

10000 

Inorganic  eonstiiuents  of  Flesh.  ^The  quantity  of  ash  left  by  muscular  flesh 
appears  to  vary  between  2  and  8  per  cent  The  ash  is  composed  chiefly  of  alkaline 
and  calcic  phosphates,  with  smaUer  quantities  of  chloride,  sulphate^  and  carbonate  of 
sodium. 

The  following  tables  exhibit  the  composition  of  the  ash  of  rarions  kinds  of  flesh. 


•  Including  19  ftM  chloride  of  todium. 
f  Including  U-SiS  chloride  of  sodimn. 
X  Calcolatfld  avproxlmateiy  from  the  compoaitioo  of  the  nlted  berrlngi. 
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Tablb  \L—Ash  of  Afusevlar  FU$h  (Ton  Bibra,  loe.  eUs). 


Kunt  9i  AntvAl. 


JVrazit  Aged  30  ye&ra ;  moides  ,  ,  . 
Xan^Bg^  SQjears:  pectoral  umecles 

„  „      ncart       .    .     . 

Woman,  ag^d  36 :  pectoml  mosdes  , 

„  „  h^iirt  ,  .  ,  * 
Infonf^  A  week  old  i  mujclesi  .  .  . 
Ox :  iiiiiB{?l^  ,..«>..» 
Budger^  fenialo  t  masclea     .     . 

Wild  duek :  roiiBeIe« 


„  muscalar  membraue  of 

etamAch 

Carp  {Cy^primta  Carpio)     ,     *     .     , 
Cat,  mult' :  tutn^eles   ...... 

,y       „      muficular   tiBsuo   of  eto* 
mach   .     ,     ,     ,     ^     . 

,j       „       hf^art . 

„     fstnide  :  muscles      ..... 
„        „  muscle  of  stomach 

„        ,p  mncoae    tuombraji^   of 

Btoinach      .... 

Kid,  female:  miiBcks    ....      J 

RdTCti :  Bf*(*tflnd  mtiMlea     .... 

p^        W^rt  ........ 

„       miiifdoH  of  the  thigh  .    .     . 
Turki?y:  niiwelea  ....... 

Hiutrri'I:       i,  ...... 

Fill  con  (Fak'o  p^rar^os^ :  muscles    . 

jp       tnuscuhii'  membruiiQ  of  ^o~ 

umch      ....,,. 

,1       mucous  memljrane  of  stomaeh 

Falcon  {h\tko  hueto) :  muBcIet     ,     , 

J,      muMculur  membrane  of  gto- 

TOftCh 

, ,      mucous  mi^mbran  B  of  a  tom&ch 

Frog  {lian^  escn/mta)  ..... 

Owl;  muscli?ia   *.,,.,,, 

„     1X1  u^cu  1  AT  iciembrane  of  Btotnuch 

»,     mucous  t,  „ 

Hare,  mrtle:  mtiBdcs     ,,,..! 

Mar  ton,  mnlo:  mtisclcs  ..... 

Hawk  ( starred  to  death)    .... 

Pcreh  { IVrra  ^utfmiiff^)     .... 

Domestic  fowl:  p<'d<>rftl  muwlea  *    .  [ 

1,  I,      muaeuliirmf^nibTaiio 

of  Btomach ,     ,     . 

,1  ,1      fi>ur  yems  old    .     . 

i<  II       thirttMja  years  old  , 

Foi^  femiilc:  mufjclfa     .     .     .     .     , 

fr        II         muaeular  mcmbmn©  of 

tfConiach     .     *    ,     . 

>i         If         mtieouH    mombnmt^  of 

htomach     .... 

CiiU;  niuscliw  ........ 


Fw- 


4^m 
3-ei 


771 

4^48 
540 

5Q& 
616 

&*m 

€'54. 

4-49 
4'Bl 
2i>2 

2-26 
4-68 

soa 

7-46 
4'6S 
474 
4*30 
6-49 
4-73 

2-82 
4-95 

4*m 

4-95 
8-97 
4-95 
4'40 
406 
7-36 
4-48 
4-42 
&'a7 
7  09 

6-ai 

6-34 
314 
4*31 

3-85 

2  66 
5-24 


ClAlfM3£lUoil  of  th«  uh. 


ClikH 
ride  of 


10'30 
traiCM 
3*48 
13-44 
5-33 
6-33 

eso 

4-04 
1-20 


17-00 
1-31 
3-17 

12D2 
1-31 
0-55 
1*00 

170 
1-00 
1-73 
£-34 
3-34 
4-66 
16-63 
3-04 
1-15 

traces 
1-39 
7-38 

1'39 
2  07 
11-00 
trace 
trace 
timce 

4-20 

fi-94 
1*27 
1*39 

IS45 
1*30 

truce 
1*02 

412 

8^96 
trace 


pfaMeof 


172 
11-40 

4-26 
1-86 

tTBCM 

2^04 
0-30 


tncee 

O-90 
12-30 


6*00 
traces 


72-95 
61»*03 
63*68 
63-£8 
64-14 
81*44 
76-S0 
85-96 
84*00 
87-00 

68-40 
44-19 

74-13 

71*78 
88-85 
74-06 
46-30 


Eartlif 


23-30 

, 

72-00 

. 

70-07 

1-23 

85-33 

. 

70-06 

0-97 

1  86-03 

22-20 

33  25 

Iraccfi 

85*54 

-    ^ 

90-40 

, 

67*90 

. 

81*21 

4-50 

46-15 

81-21 

4-32 

6l'll 

. 

64-00 

tracQ 

76-40 

4-40 

49-00 

33  00 

31*30 

0-90 

79-80 

2-18  , 

64-62 

« 

69-33 

1 

54*39 

tmco 

84  72 

4-33 

63-52 

.     . 

86*70 

* 

87*10 

2*50 

74-08 

4-62 

46-36 

*     . 

75*54 

trace 

89S0 

15-03 
19*67 
28-58 
21-12 
10-53 
10*19 
16-40 
10-00 
14^89 
1210 

13-00 
42-20 
20'70 

10*60 
984 

26-40 
62*70 

76-00 
20-60 
28*20 

8*10 
17-60 

S-34 

1*46 
11*42 

S-46 

4310 
17*40 

41*97 

17-40 
20*50 
26-00 
23-60 
46*60 
35*70 
1510 
37-65 
24*36 
44*34 
13-89 

13-70 
12-00 
12*90 
24-40 

46*00 

23*60 


2-00 


t^Li^ea 


tnces 


10*46 


traces 


tniC«9 
tnee 


trace 
tnc« 

triune 
trace 
tiaee 


trace 
trace 


trace 


The  following  table  contains  analyses  of  the  aah  of  varioua  kinds  of  flesh  naed  as 
foci— Ash  of  fresh  beef:  a.  hy  Stolzel  (Ann.  Ch.  Phann.  cxxyii   266).-^.  ^ 
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Staffel  (Arch.  Phann.  [2]  Ixiv.  148).— Of  Teal  by  the  8ame.-0f  fresh  pork  by 
Echevarria  (Ann.  Oh.  Pharm.  Ixxxi.  373). — Of  salt  beef  and  ham,  by  Thiel  (ibid, 
370).— Of  salt  cod  (stockfish),  by  Stolzel,  loc,  cit. 

Table  Yll.— Ash  of  Meat,  Salt  and  Fre^h. 


Potash 

Soda 

Fresh. 

Salt. 

Beef. 

Ved. 

Pork. 

Beef. 

Ham. 

Cod.« 

35%4 

b 

2-61 
34-91 
7-49 
401 
509 
2-35 
0-96 

34-40 

2-35 

10-59 

1-9*9 
1-45 
0-27 

35-83 
4-31 

'715 
4-56 
0-33 
0-59 

4*2-16 

b-5'i 

2-74 

24-70 
16-82 

b-73 
1-90 

2*5-9*5 
0-62 

21-41 
104 

0  20 
{  5-50 

6-81 
84-06 

0-1*0 
0-41 
0-54 

5*3-7*2 
0-12 
4-72 
010 

0-23 

3-70 

4-26 

1511 

40-22 
3-27 
0-54 

1-64 
16-78 

13-56 

Chloride  of  sodium     .    .     . 
Chloride  of  potassium  .    .     . 

Lime 

Magnesia 

Ferric  oxide 

Chlorine 

l'o-22 
1-73 
3-31 
0-98 

Sulphuric  anhydride    .    .     . 
Phosphoric       „           ... 
Ferric  phosphate     .... 

3-37 
34-36 

1-77 
39-28 

4*8l'3 

Carbonic  anhydride    .    .    • 
Silicic             „            ... 
Charcoal 

802 
2-07 

l-5'2 

0-81 

Sand 

Ash,   per  cent,  in  diy  sub- 
stance     

10000 

99-99 

2-2 
72-63 

99-99 

3-1 
77-64 

9818 

98-87 

100-81 

99-08 

Water  in  fresh  substance 

•     • 

K.  Weber  (Pogg.  Ann.  Ixzvi.  372  ;  Ixxxi.  92)  analysed  the  ash  of  horse-flesh  in 
two  ways :  a.  By  lixiviating  the  charred  fle^h  with  water,  then  with  hydrochloric 
acid,  and  incinerating  both  the  extracts  and  the  solid  residue.  —  b.  By  lixiviating  the 
uncharred  flesh  with  water  and  with  hydrochloric  acid,  then  carbonising  and  inciner- 
ating it ;  also  incinerating  the  extracts.  In  both  cases  the  flesh  operated  on  was  that 
of  the  fore-leg  of  a  lean  horse,  freed  from  blood  by  iniection  with  water.  The  com- 
position of  the  total  quantity  of  ash  (solid  residue  and  extracts)  obtained  in  the  two 
cases  was  as  follows: 


KaCl 

Na«0 

K»0 

Ca«0 

Mg«0 

Fe<03 

paO» 

S03 

a.   1-47 

4-86 

39-96 

1-80 

3-88 

100 

46-74 

0-30  =   100-00 

b.  7-21 

608 

34-45 

2-33 

3-46 

0-98 

45-21 

.     .    =     99-72 

The  total  quantity  of  ash  obtained  by  the  second  method  amounted  to  0*85  per 
cent,  of  the  fresh  flesh,  and  4*14  per  cent,  of  the  flesh  dried  at  100°  C.  77*63  percent 
of  the  ash  was  contained  in  the  aqueous  extract,  18*45  in  the  hydrochloric  acid  extract, 
and  3*92  in  the  residue. 

FlLSSB-mCB.  It  has  been  stated  in  the  preceding  article  that  the  muscular 
flesh  of  animals  of  the  higher  orders  is  moistened  with  an  acid  liquid,  which  is  more 
abundant  in  the  striped  Uian  in  the  plain  muscles.  This  liquid  has  been  examined 
chiefly  by  Liebig  (Ann.  Ch.  Pharm.  Ixil  257),  Scherer  (ibid.  Ixix.  343),  and 
Strecker  (Chem.  Soc.  Qu.  J.  x.  121).  It  is  of  reddish  colour,  reddens  litmus  paper 
strongly,  and  is  partially  coagulated  by  heat.  It  contains  albumin,  casein,  creatine, 
creatinine,  sarcine,  lactic  acid,  inosic  acid,  several  volatile  acids  of  the  series  C"HM)', 
among  which,  formic,  acetic,  and  butyric,  are  the  most  conspicuous,  a  red  pigment, 
similar  to,  but>  according  to  Lehmann,  not  identical  with,  the  colouring  matter  of  the 
blood,  and  inorganic  salts,  chiefly  alkaline  chlorides  and  phosphates. 

A  small  portion  of  the  flesh-juice  runs  out  on  pressure,  but  the  greater  part  remains 
in  the  tissue,  and  can  only  be  extracted  by  treat  ment  with  water.  The  mode  of  obtaining 
it,  and  separating  the  creatine  from  it  has  been  already  explained  (see  Cbbatikb, 
ii.  95,  b).  The  tdbumin  separates  on  boiling;  the  casein  is  detected  by  acetic  add,  or 
by  tho  application  of  rennet,  either  of  which  produces  turbidity. 

The  mother-liquor  from  which  the  creatine  has  crystallised,  if  further  evaporated, 

mixed  with  small  portions  of  alcohol  till  milky  turbidity  is  produced,  and  then  left  to 

stand  for  some  days,  deposits  vellow  or  w-hite  granular,  laminar,  or  needle-shaped 

crystals,  which  are  a  mixture  01  creatine,  phosphate  of  magnesium  (if  the  phosphorio 

*  The  lleih  was  soaked  Id  lime-water  and  washed. 
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ftetd  has  not  been  preriooalj  quite  Mpanted  by  bafyta,  ii.  9d),  and  the  potaaadiaa 
And  barium-ealts  of  inoaic  acid*  C^H'N'O*  (?). 

On  mixing  the  liquid  from  which  the  inoflates  hay©  separated,  with  about  fire  tImM 
ita  Tolume  of  alctihol,  it  eeparat-ea  iuta  two  lajers,  the  lower  of  which  is  thick,  ^mpy, 
and  hrowiiiiih-ji41rjw,  imd  the  upper  more  mobOe  and  amounting  to  2U  timea  the 
Tolume  of  the  lower.  The  heavier  liquid  cooled  to  —  6*^  C.  depoaita  a  large  quantity  of 
Gryatala  of  chloride  of  potaasium.  If  Mparated  from  the  lighter  Hquid  and  mixed  witli 
an  eqnal  volume  of  common  ether,  it  becomes  milky,  and.  on  leaving  it  at  reatt,  theca 
gradually  eoUecta  at  the  bottom  of  the  vessel  an  amber-yellow  syrupy  liquid  oonaistLS^ 
almost  wholly  of  lactate  of  potasaium.  The  supernatant  liquid  also  contaLoi  i 
little  of  thia  aalt,  but  i^  chiefly  a  aolutiou  of  creatinine. 

If  the  liquid  from  which  the  inoaate^  haye  separated  be  evaporated  over  the  wat(T> 
bath,  and  the  residue  treated  with  alcohol,  aE  the  lactates  are  diBsolved;  and  if  the 
atcoholic  solution  be  saparatied  from  the  insoluble  syrup,  and  tho  akohol  cvapofated^ 
there  remains  a  yellow  sjrrup,  which,  aft^er  a  week  or  ten  days,  solidifies  to  a  toft 
cr}'HtaIliDe  mass,  comtLsting  of  creatine,  creatinine,  and  the  potasaium-ialt  of  a  nitro- 
genous acid,  difierent  from  inosic  acid ;  the  mother-liquor  contains  lactate  of  potaasiimi. 
As  the  lactic  actd  firoza  lleeh-juice  exhibits  certain  peculiarities^  it  ia  sometiiiiM  ealled 
sarcolactic  acid.    (See  Lactic  Acm.) 

When  the  hot  mother- liquor  of  creatine  (U,  95,  6)  is  dQuted  and  mixed  with  aeefate 
of  copper,  or  better  with  nitrate  of  silver,  a  precipitate  is  formed,  containing,  together 
with  other  substances,  a  compound  of  aarcine  with  the  oxide  of  copper  or  oxide   ' 
silver,  which,  when   dt^comfKJsed  bv  sulphydric  acid,  yields  sarcine,  C"H*5PO, 
form  of  a  white,  indifltinctly  cryatalline  powder.     (Strecker.) 

Inorganic  amsUtuertU  of  FUsh^jxdGB, — The  juice,  when  evaporated  to  dryness 
incinerated,  yields  an  ash,  d^cult  to  bum  white,  and  consisting  of  alkaline  pho^ 
aod  chloridt*s.  The  soluble  salts  extracted  from  it  by  water  contain  the  three  mo 
cations  of  pho^ph  orio  ucid.     (L  i  e  b  i  g. } 

The  flesh-juice  of  all  auimAJs  is  very  rich  in  potash  ;  it  contains  ddoride  of  potafisiam 
and  only  a  Km  all  quantity  of  chloride  of  sodium  ;  in  the  blood  the  proportion  between 
these  alkalis  is  revenied.  It  appears^  &om  numerous  determinations  made  by  liebi^ 
that  the  quantities  of  potash  present  in  the  blood  of  oertain  animals,  for  100  pta.  el 
soda,  are  as  follows : — 


Hen. 

Ok 

Horw. 

Fo». 

Pike, 

In  the  blood  . 

.       40-8 

69 

9-5 

In  the  flesh -juice    . 

.     381-0 

279-0 

2860 

21i 

497 

P»  Keller  (Ann,  Ck  Pharm.  Ixx.  91)  has  examined  the  ash  of  the  de«»ctigo  of 
flesh  [of  what  kind  ?],  and  that  of  the  boiled  flesh.  Of  the  total  qiian tit v  of  aab 
obtiiined,  82^2  per  cent,  came  from  the  decoction  and  17  8  per  cent,  from  the  boiled 
residue. 


Alb  of  decMtioo. 

Ailiofreiidm 

Tots]  amount  of  ulL 

In  watsr  s 

In  wmtef : 

-L 

ludecoe. 

lan^m 

tioluble. 

IiiiolubM. 

Soluble. 

tiLH>lab(t. 

V^'Q* 

23-65 

272 

5-92 

32-48 

2150 

683 

;  K       ... 

826 

038 

•      • 

^     ^ 

709 

898 

0-42 

*      * 

, 

7-72 

my 

JK'O 

3*21 

0-38 

,      ^ 

,     ^ 

2-95     ! 

3*78 

0-45 

^ 

3-47 

K'O. 

84-18 

469 

6-76 

20*13 

3196 

478 

(2Ca'0      . 

. 

3'D6 

0-29 

905 

261 

1*66 

,       , 

576 

067 

1626 

4*73 

299 

•       • 

0-57 

006 

7  97 

0-46 

142 

81-96 

18-43 

13^59 

S689 

8247 

17*68 

100-38 

9946 

10016            1 

Prom  these  analyses,  it  appears  that  of  the  inoiiganic  salts  contained  in  meat  nearly 
fomvflitha  are  extracted  by  boiling  with  water.  Part  of  the  earthy  and  ferric  phosphulee 
passes  into  solution  through  the  medium  of  the  ulkaline  phosphates;  but  meat,  ^vcn 
aftt^  long  boiling,  is  still  rich  in  alkaline  pho^hates,  although  tho  earthy  phos^hato 
predominate. 
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BfoM.— When  mmt  is  boiled  with  water,  aulpbydrate  of  ammonitim  it  e  vol  red, 
tog«lber  with  odorilVrouB  compounds  and  *n  Jicid  roaomblijag  ac^'tic  acid.  The  ex- 
tract, called  broth,  €ontmiis  fat,  a  portion  of  tbe  odonfeToascompouiid^k  jujst  meutionod, 
gelutiD^  soluble  saJtif,  and  the  varioua  proximate  pnneipliis  oaclatiog  in  tJie  meat.  The 
following  is  its  compoaitioa,  according  toChevreuI 

Water       .         .         •         .         . 98857 

Fixed  grgimic  nrntt^ra  dried  at  liP  C  in  Tttcuo  .        *        .        ♦12*70 
Soda ) 

Sulphuric  and  pboaphoric  acida,  chlorine  | 

Phosphate  of  magnftsium  ♦....,..         0*23 

Fbo«phate  of  cakiam  \ 

(Mduofiron     *         / zll 

^  1OD460 

Boiled  meat  letaini  the  fibrin*  together  with  port  of  the  albumin,  and  the  earthy 
and  ferric  pliosphtitea  contained  in  the  raw  meat. 

The  qmSity  of  the  broth  and  of  the  boiled  meat  dopcnda  greatly  on  tbo  mode  of 
boiling.  To  make  good  broth ^  the  meat  should  bo  placed  in  cold  water  and  gradually 
laiaed  to  the  boiling  heat.  By  this  means,  the  soluble  constituenta  of  the  nw^at  iim 
«xtract«d  before  tbe  albumin  haa  time  to  coagolnte  ill  the  tiaaue  and  oppoie  their 
extraction.  In  Iket  the  coagulatioD  of  the  albumin  then  takes  place  m  the  liquid 
only,  not  in  the  aubataiico  of  the  meat ;  and  aa  the  ulbumin  bccomca  in^^lnblc,  it  rinea 
to  the  surface,  carrying  with  it  certain  cidcium-saltit  which  would  render  the  brotii 
turbid*  and  forms  a  scum  which  preventa  the  Tolatili&ation  of  the  odoriferoua  mattera. 
To  obtain  eaTouty  and  nutritious  boiled  meat,  the  meat  should  be  at  once  pltmged 
into  boiling  water,  so  that  a  thin  layer  of  coagulated  albumin  may  at  once  form  on  ih^ 
Borface  and  retain  the  soluble  matters  within  the  tissuev 

The  broth  doea  not,  however,  contain  the  whole  of  the  Bubstances  extracted  from 
the  meat  by  boiling,  inasmuch  as  a  portion  of  these  substances  undergoes  decomposition 
and  produces  the  aroma ;  hence,  boiled  miiat  and  ita  broth  taken  together,  are,  for  the 
same  weight,  somewhat  lefis  nutritious  than  roast  meat 

Liebiff*s  Broth  for  invalids. — Half  a  pound  of  finely  chopped  meat  (beef  or  poultiy), 
from  A  recently  luUed  animal,  is  maeemted  for  an  hour  with  U  lb.  cold  distilkd 
water  to  wliioh  4  drops  of  pure  hydrochloric  acid  and  a  drachm  of  common  salt  havt^ 
been  added;  the  liquid  is  then  separated  from  the  residue  by  strainings  without 
pressure,  tbrougb  a  hair^ere,  and  tne  residtie  is  still  further  exhausted  by  graduully 
pouring  on  it  half  a  pound  of  distilled  water.  In  this  way,  a  i>ound  of  cold  meat- 
extract  LB  obtained,  of  reddish  colour  and  agreeable  taste.  It  must  ht  taken  cold,  as^  if 
heated,  it  becomes  turbid^  and  deposits  a  thick  coagulutn  of  fiesh-albumin  and  blood- 
ied. The  advantages  of  this  mode  of  preparation  are  that  it  yields  an  extract  con- 
taining certain  ingredients  which  axe  wanting  in  ordinary  broth  prepared  by  boiling, 
those,  namely,  which  serve  for  the  formation  of  blood-albumin.  Besides  flesh  •albumin, 
it  contains  a  certain  quantity  of  blood-red,  and  a  much  larger  quantity  of  iron  (which 
is  necessaiy  for  the  formation  of  blood- corpuscles),  be^^idea  the  hydrochloric  acid, 
which  assiata  the  digestiTe  process. 

In  warm  weather  this  extract  ferments,  though  without  any  bad  odonr.  It  should 
therefore  be  prepared  with  quite  cold  water  in  a  cool  place.  (Lie big,  Ann.  Ch, 
Pharm.  IxriL  360.) 

y&SJLSm^  SJLK^DBTOVS.  A  fissile  Tariety  of  sandstone,  thin  slabs  of  which 
exhibit  a  certain  degree  ot'  flexibility,  apparently  owing  to  the  dissemination  of  «nall 
scales  of  mica  through  the  mass.  8and!stone6  of  thia  character  occur  at  Villa  Bica, 
Braail,  and  in  the  gold  region  of  North  Carolina. 

fltBZ^JlXbS  BZXi'iraH^ORS.     See  STBBKBSBOrrB. 

FStZsrr.  A  variety  of  quiirtz,  somewhat  allied  to  chalcedony,  but  more  op«que  and 
of  dull  colour,  usually  grey,  emoky  brown,  and  brownish  black,  occasionally  with  zoned 
and  striped  deUneations.  It  occurs  in  nodules  eml^edded  in  chalk.  Internal  lustre 
barely  giimmering,  subvitreous.  Fracture  conchoidaL  Fragments  sharp-edged.  Tranii- 
lucenL  Harder  than  rock*crystal.  Easily  frangible.  Sp.  gp.  2*69.  Infusible 
without  addition,  but  whitens  and  becomes  opaque.  Itoonaiata  mainly  of  silica  (about 
98  per  cent.),  with  small  quantities  of  lim«*,  alumina,  oxide  of  iron  and  water.  The 
flint  of  the  chalk-fonnation  consista  lai^ely  of  the  remains  of  infnsoria,  spongea,  and 
other  marine  productions.  The  silica  of  flint,  according  to  Fucha,  is  partly  soluble  ailica, 
easily  taken  up  by  a  solution  of  potash.  When  two  piecee  of  fiint  are  nubbed 
together  in  the  dark,  they  phuMphoreacOt  &u^  ^^^^  ^  peculiar  smelL 
See  Slat*. 
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73bCIATSX<nnL  A  light  sp'>ngy  vanety  of  quaHz,  the  quarts  n^tiq^^  of  Htoj, 
consiBting  of  0br«B  or  fLlumontary  crystiilii  ai^m'gatt'd  into  a  iipoDgy  or  poisons  nuuMV  sad 
eo  li^)it  as  to  float  on  trtit^^r  Colour,  white  of  Taiiotu  sh^doui.  It  occun  in  tli« 
eh^  formfttion  of  Mi^^nil-MouUnl,  near  Parifi,  and  in  some  of  the  CoraUli  mineap 


A  comlloidal  voriet  j  of  arnigonite  occnmng  in  beds  of  iion-oire* 

YXiOtfK.    The  powdor  of  the  gmminacoiis  seeds,    (See  Bbsa.1)  and  Wa&kT ;  also 

Urea  Dictkmartf  of  Arts,  &c..  ii,  277.) 

7X*0^irs&S»  COZvOtnu  or.  (Sehubler,  Schw.  J.  xItL  385.— DecandoUc 
iM,  Iv.  472,^ClamQivMarqi]art^  DUFarbm  der  Bluthm,  £onn»  WZS,  Fremj 
and  Cloes,  J.  Pharm.  [3]  xxr.  249.  Martens^  Institut  185^,  p.  168.  Filhol,  Compt 
rend.  *ir^'*  194;  L  34fi,  1132;  JahreBb«r,  d,  Chem,  1860,  p.  635.) — The  pf^  of 
flowrers,  while  still  enclosed  in  the  bad,  are  mostly  green,  and  a<^uire  their  chanc- 
tftristic  colours  only  under  the  influene©  of  light  Sometimes,  howerep,  thej  a*e  white 
in  the  tiht  instance,  or  the  buds  exhibit  the  same  coloim  as  the  expanded  flawcm 
The  blue  and  red  pigments  of  flowers  are  genenillj  soluble  in  water,  whexttm  manT  of 
the  yellow  pif^ents  ara  of  resinous  nature  and  dissolve  only  in  alcohol  and  ether 
Schiiblerand  Becandolle  endeaTonred  to  prore  the  existence  of  two  essentially  difi«feat 
BoHt's  of  flower  ooloms,  the  zanthic,  producing  the  yellow  tints  with  their  transitioiu 
into  rod,  and  the  cyanic,  produciiig  the  blue  tinta  with  their  modificiitions ;  and  thxi 
the  colours  of  both  series  are  formed  &am  chlorophyll,  the  xontltie  by  oxidation,  the 
cyanic  by  deoxidation  ;  but  thes^  views  are  not  borne  out  b^  ohsenration. 

The  extractive  blne^  violet,  and  red  pigments,  which  arc  likewise  contained  in  brown 
and  orauge-colonred  flowers,  were  designated  by  Clamor-Marqnart,  asaDthocyan.the 
resinous  yellow  pigment  as  authoxaDthin.  According  to  Fr^my  and  Cloez,  hloe 
flowers  contain  a  colouring  matter,  csIIikI  cyan  in  (ii.  274),  which  is  identical  with 
Marquart'i  anthocyan,  and  occurs  also,  coloured  by  acids,  in  red  flowers.  YeUow 
flowers  on  the  other  bund  contaiu  two  dbtinct  colouring  matters^  xanthiu  and  x\id- 
thein,  the  former  iusoltible,  the  latter  soluble  in  water. 

According  to  Martens,  all  plants  secrete*  in  cells  situiited  in  the  parenchyma  M)w 
the  epidermis,  a  paJe  yellow  juice,  which  becomes  continually  darker  ia  colour  by  the 
action  of  air  and  light,  and  sometimes  gradnally  tnniB  n^  This  extractiTe  maTii^, 
likewise  called  xan  the  in  bj  Marten.^,  ia  genenuly  associated  in  plants  with  a  blue 
pigment,  the  anthocyan  of  Marquart  und  the  cyania  of  Fr^y.  A  Ikalm  turn  cyaaia 
green,  and  deofieo  the  yellow  colour  of  xantheio. 

According  to  Filhol,  nearly  aVt  tlowers  contain  a  snbstance  which  forms  colonrlees  %iAu 
tioQs  with  acids,  and  acquires  a  fine  yellow  colour  when  treated  with  alkalis :  ihh  sal 
stacce  was  designated  by  Marquart  as  resin  of  flowers^  and  by  Hope  (J.  pr.  diem. a 
269)  as  xanthogen  (q,  vX  which  name  is  also  retained  by  FilhoL  Ho  de«crifa<»  it  a 
solid,  of  a  li^ilit  yellow  colour,  with  faint  greenish  iridescence,  soluble  in  water,  aloohol,^ 
and  ether,  and  very  much  like  luteoUii,  Tiith  which  it  is  associated  in  weld  (i^cmia  ImUni^ 
but  neither  crystalline  nor  volatile*  Xanthogen  is  not  contained  in  mosses,  in  ] ' 
which  grow  in  the  dark,  or  in  the  flowers  of  Pelargonium  sonate^  P,  inquhums^  Pi^^^ 
Jifuag,  or  the  various  sptecies  of  Suivia  and  Canicltia.  AU  these  flowers,  whc^  treats 
with  alkalis  assume  a  tine  or  violet  colour,  without  any  admixture  of  green,  and  th 
colouring  matter  contained  in  them  is  much  more  stable  than  that  of  most  other  flowen 

The  xnntheiti  (^.  v.)  of  Fr^my  ami  Clocjc  exists  also>  occordiag  to  Filhol,  in  ma 
flowers  either  alone  or  associat'Od  with  cyanin.     The  x  an  thin  of  the  same  chemii 
exhibits  peculiar  relations  to  chlorophyll    Its  alcoholic  solution  is  coloured  green  sldvl^ 
by  dilute,  quickly  by  concent  rated  hyclrochloric  acid,  and  the  liquid,  if  exposed  for  som 
time  to  the  air,  turns  yellow  aud  deposit*  a  blackish  sub^^taiice  which  dissolreswitj 
blae  colour  in  alcohol  and  ether.     By  agitation  with  a  mixtnre  of  hydrochloric  ad 
and  ether*  it  is  still  more  quickly  resolved  into  a  blue  and  a  yellow  colonring  matta 
Both  xanthin  and  chlorophyll  treated  with  hydrocMoric  acid  containing  a  trace  of  nitric  ' 
add  yield  a  nearly  pure  blue,      Xauthin  is  less  easily  altered  by  sunshine  than 
chlorophyll. 

Certain  yellow  flowers,  especially  those  of  CrocMlutcvs,  contain  a  peculiar  colonrin 
matt^^r,  which  is  amorphons,  of  golden-yellow  colour,  soluble  in  water  and  in  alcoho 
im+oluble  in  other,  distineuishod  from  xauthin  by  its  solubility  in  water,  and  by  not 
being  pereeptibly  altered  or  hydrochloric  acid. 

The  cyan  in  of  blue  and  rtd  flowers  (iL  274)  is  free  from  nitrogen  and  identical  i 
with  the  colouring  matter  called  cjEsnolin  or  ceaocyanin,  obtained  by  Ok^nardT* 
from  red  wine.  The  cyan  in  of  red  flowers  disaolvva  in  alcohol  and  in  water  withonf 
perceptibly  colouring  the  liquid  ;  but  the  addition  of  a  few  drops  of  add  brings  out  tbv 
colour:  hence  Ftlbol  regards  cyan  in  a^  idi^ntlcal   with  Hope's  crTthrc^n  (iu  50^),^ 

Some  red  floweni,  several  kinds  of  alo«  Ibr  example,  contain  a  colouring  matter  dif- 


FLUAVIL  — FLUORHTDRIC  ACID. 


660 


ferPBt  from  eyanin,  Bpartngly  soluble  in  water*  easily  in  cold  alcohol^  nearly  insoluble 
ia  ethcn  aiKl  not  a  looped  in  cnjIoiu*  liy  aoide  or  by  basea. 

All  flowers  eontuin  uncrystaUisable  «ugar  (Filbol), 

The  fiUtenifut  of*  older  observers,  that  the  blu<i  eoloura  of  flowen  ftTO  product  from 
rod  by  the  action  of  alkidiy  developed  in  the  pbvat,  i^  not  OOttfiimed  by  experimenL 
Alkalia,  in  tact,  either  produce  no  efiect  on  nid  fiowers,  op  turn  them  gn^en,  but  cer- 
tainly not  blue. 

The  ooloura  of  flowers  ure,  for  the  most  part,  y^rj  fagptire,  and  therefor©  oflitt3d 
UM  in  dyeing.  On  carthamin,  the  rod  dye  obtained  from  the  flowers  of  Otrthamua 
tirtciorius,  aee  vol.  i.  p.  808. 

TJi'UA.'Vtla*  A  constitnezit  of  gutta  percha,  constituting  from  4  to  6  p^  cent,  of 
that  ^iub^itauee.  It  ia  yellow^  resinous,  somewhat  hearier  than  water,  hard  and  friable 
■I  (P  C,  soft  at  higher  temperatures,  pasty  at  60°,  liquid  at  100 — 1 10°.  At  a  stronget 
Ileal  it  boilfl  and  decompose*,  turning  brown  and  giving  off  acid  vapoun  and  hydro- 
carbons. It  dissolvei  at  common  temperatures  in  alcoliol  (which  it  obatinatelyretainjj), 
in  ether,  benzene,  oil  of  turpentine,  Bulphide  of  carbon,  and  chloroform,  remuining  as 
an  amoipboua  mass  when  the  solntiotis  arc*  evaporatedi  Sulphuric  and  nitric  aeida  act 
upon  it  m  the  some  manner  aa  upon  guttapercta  ;  btrong  hydrochlorie  add  tliasiolves  it 
witbont  decompofdtion  (Pay en,  Compt  rend.  xxxt.  109)*    Sec  Gutta  PancuA. 

Syn.  with  FLUOCEatrB. 

A  fluoride  of  almnimnm  crystoJlifled  in  minute  acute  rhombic 
octttbedrons,  with  truncated  apex,  and  occurring  on  quartz,  together  with  wavellite  and 
nranito,  at  Stauna-gwyn  in  ComwalL  Hardneas  » SL  Colour  white,  ^"anaparent.  (Lev  y, 
Ed,  J.  Sd.  1825,  p.  168.— Dona,  li  98.) 

r^irOBORXC  ACZII.     Sec  Bobon,  Fluobidb  of  (i.  633). 

FXiir<^C2ilXir&     Basioerine,     Basic  flnoride  of  cerium  from  Finbo  (L  S3i). 

TltJJOCWSMXTMt  Ftucerine*  Normal  ceroua  fluoride^  oocuiring  At  Finbo  and 
BrodtllM:*  in  Swi din  (i.  831). 

rXiUOCBItOSB.  A  name  applied  by  Hermaun  to  thoae  raneties  of  pyrodiloro 
which  i!oataiii  fluorine  but  no  water.    (St'o  PYnocrai.ouB. ) 

rXiiroZiXTB*     Pitchstone  from  Iceland » 

rXiiro&*     See  FluoU'SPAlR. 

niTORBTBRSC  or  STSROrZiTTOmXC  ACZD.  HF.  Thifl  acid,  which  19 
the  only  known  oomjx*imd  of  fluorine  and  hydrogen,  was  flist  prepared.  thom?b  in  an 
impure  tttate,  containing  ailica,  by  Scheele  in  1771.  Gay-Luflsac  and  Thenard,  in 
1S08.  first  obtained  it  m  the  pure  state,  bat  regarded  it  aa  an  ox^'gen-com pound, 
Amp&TC),  in  1810,  Kuggested  that  it  was  a  hydracid  analogous  to  hydrochloric  acid ;  and 
thia  riew  waa  afterwards  eiiperimentally  conflrmed  by  Dayy, 

Formaiwn  and  Prtparation^—  Hydroflnoric  add  is  produced  by  the  action  of  enl- 
phuric  acid  on  met^dlic  fluorides,  fluor-spar,  which  ia  a  fluoride  of  calcium,  being  almost 
always  used  for  ita  preparation : 

2CaF  +  ffSO*  ^  2HF  -i-  Ca"SO*. 

To  obtidn  the  acid  pure,  a  leaden  or  platinum  vessel  must  be  used,  as  it  conodca  gbisa 
or  eAithenware  with  mat  rapidi^.  To  prepare  the  aqueous  add  in  its  strongest  form^ 
fluor-spar  perfectly  dry  is  mixed  with  twice  its 
weight  of  strong  sulphuric  acid  (Hpecific  gravity 
1  85),  in  a  leaden  rttort  (yiiy.  483)  having  a  lient 
ieailen  tube  adapted  to  it,  the  lower  prirt  of  which 
is  immeraed  in  a  freezing  mixture.  The  joints  are 
made  secure  with  clay-Usfting  secured  with  »  banrl 
of  paper.  Ko  tin  sold-^  must  be  used  in  the  con- 
struetion  of  the  apparatus,  as  the  acid  attacks  tin 
fmpidly.  On  applying  a  gentle  heat,  hydrofluoric 
ftdd  is  given  off  in  vapour,  and  passing  into  the 
bent  tube  is  there  condensed  into  a  liquid. 

The  acid  thus  prepared  contains  water,  from 
which  it  may  bo  freed  by  distilbtion  with  f>hos- 
phoric  anhydride;  it  i«  then  obtaine<l  as  a  gas 
(Louyet,  Compt.  rend,  xxii,  960) ;  according  to  Fr^my,  howcrer,  the  dehydration 
effected  in  this  m.inner  is  not  compb'tc.  A  better  mode  of  obtaining  the  dry  gas  is  to 
ignite  the  double  fluoride  of  hydrogen  and  potassium,  which  then  splits  up  into  ita 
oomj^iunent  fluorides,  KF  and  HF.  The  gas  may  also  be  obtained  by  passing  dry 
hydfogen  OV^t  ignited  fluoride  of  lead  or  othr»f  moftiillic  fluorides. 


Ffff.  483, 
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'Hydrotnorie  scid  also  Temlta  from  tbe  d^composiHon  of  cerUdn  Hiuaidm  Ikjr  i 
Thoa  fluoride  of  silicon  reacts  with  water  to  form  hydrofluosilicic  and  silide  aeidfl: 

aSiF*  +   aH'O  *^  2(2HF.SLF*)   +   H«SiO'; 
mnd  the  hydrofluosilicic  acid  graduaUj  breaks  op  into  flaoride  of  silicon,  wbieh  enpo- 
rat€s^  and  hjdrofliioric  acid,  which  remaijiB  ixi  aolution. 

Hjdrofioonc  gas  ia  colourless,  has  a  strong  add  reactfou,  fumes  in  moist  air,  lad  1 
rapidly  absorbed  by  wttt<r.  When  abroluti?]^  dry,  it  has  but  little  reaction  on 
Accoi*diag  to  Frdmy,  it  rondcnsca  at -20^0.  ini^  a  T<*ry  mobile  Hqnid,  which  i 
Tiolentty  with  water,  forms  white  fumes  in  the  air,  and  uttacka  glass  readily* 
concentrated  aqueous  acid  is  a  colourless  mobile  liquid,  whicb  boils  at  16*C. ;  the  i 
are  highly  caustic  and  initating,  and  tbe  liquid  itself  is  a  moat  Tirulent  caustic,  a  i 
drop  producing  a  paiuful  ulcer  Tcry  difficult  to  heaL  Its  union  witii  eixcvas  of  water  i 
accompanied  by  a  liissing  noise  and  a  conaiderable  deyelopmeut  of  heat.  The  : 
concentrated  acid  has  a  sp.  gr,  106.  The  add  of  greatest  density,  uamelj,  l-lSv  it] 
more  dilute,  and  is  tisually  regarded  as  a  definite  hydrate,  HF,2HH]),  oont " 
S5*9  p.c.  HF,  Iwjilingat  1 20°  C,  and  distilling  unchanged  under  the  ordinary  atmc 
treasure.  According  to  Roscoe,  however  (Chem.  Soc  Qu.  J.  xiii.  162),  no  d«iaJtol 
ydrato  of  hydrofluoric  acid  exists^  a  weaker  or  stronger  acid  giving  off  water  or] 
hydrofluoric  acid  when  boiled^  till  the  residue  oontains  from  36  to  38  p.c.  HF.  fiy  ^ 
leaTing  the  aqueous  acid  of  any  strength  to  evaporate  over  quick  lime  at  commoa 
temperatures,  a  residue  is  obtained  containing  32 '5  p.c,  HF. 

From  the  analogy  of  hydrofluoric  acid  to  hydrochlorici  hydrobromic,  and  hjdriodio 
acid^  it  is  supposed  to  contain  e^oal  Tolumes  of  fluorine  and  hydrogen  gaaes  imit«d  ] 
without  condensation^  its  compositioD  beiDg  therefore  1  pt^  hydrogen  united  with  19  ptSi  [ 
fluorine  and  its  atomic  weight  20.  This  composition  by  volume  has  not,  howerei;  I 
been  determined  directly:  for  €noriue  itself  has  not  been  isolated  in  a  satis&etoi|'- 1 
manner,  and  even  tlie  specific  gravity  of  hydrofluoric  acid  gas  is  unknown. 

R factions. — Hydrofluorio  acid  acts  with  energy  on  many  elementary  bodiea,  < 
cially  the  metah,  dissolving  them  with  eTolution  of  hydrogen,  and  sometimea,  ss  is  i 
the  case  of  poiOMtum,  with  eiplosion,  and  forming  a  fluoride.  It  acta  in  this  mai 
not  only  on  the  metals  which  are  dissolved  by  hydrochloric  acid,  but  likewise  on  1 
which  that  acid  does  not  attack,  cfmper  and  iUifer  for  example.  It  also  dissolres  ntaay 
elementary  bodies  which  are  insoluble  in  all  other  adds,  namely,  mUecn,  bortm^  #trvQiiia%  . 
ittanium  and  tantalum^  giving  off  hydrngeu,  and  forming  a  compound  of  the  resulting 
fluoride  with  bydrofluorie  acid ;  with  silicon  (unipnited),  for  example,  it  fbrms  hydro- 
Huosilicic  acid,  2Hl^.SiFK  Ignited  eihVon  and  tit^iuium  are  not  attacked  by  hydno- 
fluoric  acid  alone,  but  dissolve  in  a  Tnixture  of  hydrofluoric  and  nitric  adds  with 
evolution  of  nitric  oxide.  Gold  and  platinum,  on  the  other  hand^  are  not  attaeked, 
either  by  the  pure  acid  or  by  its  mijttnre  with  nitric  acid. 

Silica  and  the  mlicatts  are  very  energetically  attacked  by  hydrofluoric  add*  Silica 
dissoWes  in  it  with  laj^at  riBC  of  tcmperuture,  forming  a  colourless  solution  of  hirdrulluo- 
silicicacid,  2HF.SiF*or  H-SiF*;  if  the  hydrofluoric  add  is  concentrated^  the  liqaid 
boils  and  fluoride  of  silicon  escapes  as  gas.  With  eOicates  it  forms  wat«r,  fluoride  of 
silicon,  and  a  metallic  fluoride  which  unites  with  the  fluoride  of  silicon;  «^.^.  with 
gilieate  of  caldum ; 

Ca*SiO'  +  6HF  =  2CsF.SiF'  4   3H«0. 
With  silicatea  of  different  composition,  an  excess  of  metiillic  fluoride  or  of  fluoride  of 
■iHcon  is  formed,  which  unites  with  the  hydrofluoric  acid. 

On  thisreactiun  depends  the  use  of  hydrofluoric  at:id  for  the  decomposition  of  silicates 
Id  mineral  analysis  (see  SiuciTSs),  and  for  etching  on  glass.  For  the  Litter  purpose, 
the  glass  is  covered  mth  etching  wax;  the  design  is  traced  upon  it  with  a  pointed  in- 
strument ;  and  the  glass  is  either  exposed  to  the  vapour  of  the  acid,  or  the  aqueous 
add  is  poured  upon  iL  The  vapour  is  preferable  to  the  liquid  in  this  respects,  thtit  tha 
linea  which  it  forms  on  the  glsM  are  opaoue,  whereas  those  formed  by  the  liquid  ara 
transparent  and  not  so  easily  seen.  "Elbcmiig  with  hydrofluoric  add  vapour  is  th»  < 
best  mode  of  marking  scales  of  equal  parts  on  glass  tubes  and  jars. 

FXiiroRiiix  OF  Ai^xmamwuTix.    (i.  157) 

rXiiroRipE  or  ikWUmoNTtrm,  NH*F.  Tliis  salt  crystalMsea  foom  a  solution 
of  hytlrofluoric  acid  en tu rated  with  amnionift  and  left  to  evaporate  over  quick  lime,  in 
thin  hexagonal  laminae,  or  very  brittle  hollow  hexagonal  prisms ;  the  crystals  are  some^ 
whitt  deliqttoftcent.— F/wonV/^  of  Ammmiium  and  Hydrogr^^  or  And  Jiuoride  of  ammo- 
nium^ NH*F.HF,  forms  slightly  deliquescent  rhombic  crystals  of  91**  oO',  with  tlie 
terminal  faces  oP,  and  frpquontly  also  with  the  prismatic  edges  truncated:  it  is  not 
iiomorphous  with  the  corresponding  potassium-salt.  (Marignac,  Ann.  Cb.  Pharm. 
Cxi  380.) 

rZitlOBXSS  OF  AWTtMQVlt.    See  AjmiioirT.  FLVoatpB  OF  (L  322). 
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fltWORIBi:  or  JkMB^WXC.    See  AmrsKic,  FivoBms  OF  (L  37 1). 

riiTTaRlB^  or  BESTSOIX.  CTI*0^R  (Borodine,  Cimento,  xv.  305;  lUp. 
Chiiu.  pm-p,  18C2,  p.  336*) — Obtained  bj  mixing  in  n  platinum  retort  1  at.  ehloride  of 
bonzojl  ttnd  rather  more  than  I  at-  acid  fluoride  of  potAsaittm,  diHtilling  as  soon  &s 
Tapours  of  hydrofluoric  acid  eease  to  go  off,  and  coli^y^tinjE^  in  a  small  platinum  receiver 
the  portioii  which  distils  between  156^  and  160^.*  The  product  may  be  further 
punned  by  fractional  distillation.     The  reaction  w  represented  by  the  equation : 

cmnyci   +    kf,hf   -    c-h^of    +    KCi    +    hf. 

Fluoride  of  benzoyl  is  a  colourk^e  oily  liquii;!,  heavier  than  water,  and  having  an 
odonr  even  more  irritating  than  that  of  the  chloride.  It  boils  at  lei-fi"^  (corrected) 
under  a  pressure  of  745  mnu  When  pure,  it  &carp<»ly  attaclui  glass ;  nevertheJeea  ita 
vaponr-density  cannot  be  taken  in  glaas  vt\«iscls.  It  dissolves  without  deeompositton 
in  tiker;  is  con  vert  *Mi  by  wairr  into  benKoie  and  hydntflnoric  acids;  forma  with  pdanh 
benEoate  and  fluoride  of  potassium ;  with  akohvf,  benzoic  ether,  and  with  ammonia^ 
bems&mide.     It  docs  not  appc^ir  to  unite  with  metallic  fiaoridea. 

r&trORZOS  or  BAJUITVC     See  Bakium,  Fluobidb  of  (i*  60i\ 
nkUORlBIS  or  SOROZT.     See  BoRox,  Fluoredb  of  (i.  632). 

rxiirosiii£s    or    cAnnKuna,    caxcx^]ic>    oxisximE,    cobaxt, 

COFPEl^  &e.     See  the  sevt^ral  m«tals. 

r^UORfSB  or  BTHUX.     See  Ethtl,  FLUOumB  of  (ii.  633). 

TJaliaWtXlMM  or  Hra&OOBur,     See  Fl!70Ilhtxi&ic  A<ew  (iL  6G&). 

F^uoHXlii:  or  fkosfbobwa*    See  Fhospeobus^  Fluobtiie  of, 

rx>xrORXI>B  or  BXImZCQW,    S^e  Silicon,  Fltjoridb  of. 

rKtXOSJTBBB,  nSBT^^XZCi  TheBc  compounds  are  fonn€>d:  1.  By  healing 
bjdrotiuoric  acid  with  certain  metalg.— 2.  By  the  action  of  that  acid  on  raetnllic  nxides 
or  carbonates. — 3.  By  heating  electRj-negative  metals,  antimony  for  example,  with 
fuoride  of  lead  or  fluoride  of  nierciiry. — 4,  Volatile  metallic  fluorides  may  be  prepared 
by  heating  fluor-Bpar  with  sulphuric  acid  &nd  the  oxide  of  the  metah^5.  Insoluble 
fluorides,  such  as  fluoride  of  cailcinm  tnay  be  formed  by  precipitation. 

Fluorides  have  no  metallic  lustre ;  moat  of  them  are  easily  fusible,  and  for  the  most 
part  resemble  the  chlorides.  When  dry,  they  we  not  decomposed  by  ignition,  either 
alone  or  when  mixed  with  charcoal ;  but  when  ignited  in  contact  with  the  air,  in  a  flame 
which  contains  aqueous  Vftpour,  manyof  them  are  converted  into  oxides,  while  the  fluorine 
is  given  off  aa  hydrofluoric  acid.  All  fluorides  are  decomposed  by  chlorine  and  converted 
into  chlorides.  They  are  not  decomposed  by  pfnys^^horw  anhydride,  unless  silica  is 
present.  They  are  decomposed  at  a  gentle  heat  by  strong  snlphuric  acidf  with  forma- 
tion of  a  metallic  sulphate  and  evolution  of  hydrofluoric  add. 

The  fluorides  of  tin  and  silver  are  easily  soliiblein  water ;  those  of  potassium,  sodium, 
and  iron  are  Bparingly  soluble  ;  those  of  strontium  and  cadmium  very  slightly  soluble, 
and  the  rest  insoluble.  The  solutions  of  fluoride  of  ammonium!,  potassium,  and  sodium 
hare  an  alkaline  reaction.  The  a<|ueous  solutions  of  fluorides  corrode  glass  vessels  in 
which  they  are  kept  or  evaporated.  They  form  with  soluble  calcium-salts  a  precipitate 
of  fluoride  of  calcium,  in  the  form  of  a  traBiparexit  jelly  which  is  scarcely  visible, 
because  its  refractive  power  in  neariy  the  same  fis  that  of  the  liquid;  the  addition  of 
ammonia  makes  it  plainer.  This  precipitatCp  if  it  docs  not  contain  silica,  dissolves  with 
difficulty  in  hydrochloric  or  nitric  acid,  and  is  reprecipitated  by  ammonia*  The 
aqueous  fluorides  give  a  pulverulent  precipitate  with  acetate  of  lead. 

The  fluorides  of  antimony,  arsenic^  chromium,  mercury,  niobium,  osmium,  tantalmnf 
tin,  tttsiniom,  tungsten,  and  sine,  are  volatile  without  decomponition. 

Bituiffe  Fluoride 41, — Fluorine  has  a  great  tendency  to  form  double  salts,  consisting  of 
a  fluoride  of  a  basic  or  positive  metal  united  with  the  fluoride  of  hydrogen,  boron, 
silicon,  tin,  titanium^  zirconium,  &c»,  t»g, : 

Fluorhydmte  of  potassium KEF*     «     KF.HP, 

Bon^fluoride  of  potassium KBP*     —     KF.BB^. 

Siliwfluoride  of  potassium K*SiF*   «  2KF.SiF*. 

Titanofluoride  of  potassium KTiP  ^  2KF.TiP, 

Stannofluorido  of  potassium K*SnF*  =5   2KF.SnF*. 

Zircofluoride  of  potassium K'ZrF*  »   2KF,ZrF'*. 

It  will  be  observed  that  the  double  fluorides  of  silicon,  titanium,  tin,  and  sirconiom. 
are  represented  by  corresponding  formulae.  It  appears  indeed  from  the  experiments 
of  Marignac  (Ann.  Ch.  Pharm,  cvii.   9-1;  cxi.  380;   cxa'L   339.— Ann.  Ch,  Phys. 

•  The  lube  or  the  Ih^rmomeler  ificHild  be  proCccled  bf  placing  tl  withlo  4  «Butl  tube  of  pUUiium 
pAMing  ibraugh  the  tutiulure  of  the  ttUttu 
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[3]  Ix.  257.— Jalii*esb€r.  <i  Chetn.  1S58,  p.  144;  1859.  p.  106;  I860,  pk.  134),  t^ 
the  correspondiDg  double  fluoridt'S  of  siJicoii,  tin,  And  titaDiiim  crjBtnUiste  for  tilt  hmhI 
nart  with  the  same  number  of  iLtoms  of  wat«r,  and  are  isomorphoos  witli  emek  t/dut, 
ThoB  the  Biliooflaorides  aod  «taiuiofla(>ride9  of  Btrontiiim  cr^'artallisa  each  vilh 
1  at  wat^^r^  hare  nearly  the  same  degree  of  tolubility  in  water^  and  form  monodiiuf 
cryatala  in  wMcli  ocp  :  ocP  ia»  in  the  fonner,  s  84^  16',  in  the  lAtter,  ^  97^ 
23'.  Tho  zinc-iuortdes  of  tin  and  silicon  ciyirtalliie  with  3  at.  water  in  T 
priAmB  with  rhombohc'dml  faced,  in  which  B  :  K  «?  127*^  16V  and  similar 
are  exhibitpd  bj  the  corresponding  salta  of  nickel  (R  :  R  —127*^  30*)  and  ^ 
(R :  R  for  the  stannofluoride  ^  127°).  The  cOfrwfpoudiBg  ealta  of  cobalt^ 
manganese,  and  copper  are  likewiie  ieomorphom  with  the  preceding,  and  i^ive 
with  them  in  their  optica!  propertiei.  The  cirooflnorides  or  fluozirconateft  exhibit  iae- 
morphiBta  with  the  corresponding  fiilicoSnorid(»i,  &c.,  in  a  few  cases,  but  b^  no  meaiM 
in  alL 

The  great  ienddncj  of  fluorine  to  form  doable  salta,  has  led  to  the  idea  that  it 
Bhotild  be  regarded  as  diatomic  and  analogouj  to  oxjgen,  with  the  atomic  weight  3S, 
raiher  than  as  monatomic  and  analogotu  to  chlorine,  with  the  atomic  weight  19.  Oo 
thia  iuppodtion,  denotiiig  the  larger  atom  of  fluorine  by  F(  the  £bnnnla»  of  the  flnofukt 
would  be  as  follows : 


Hjdroluoric  acid .        ,        » 
Fluoride  of  potassium  and  hydrogen 


Flnoride  of  potaaaium 
Fluoride  of  boron  . 


Borc>fluoride  of  potasaiam 
Fluoride  of  silicon 
SlUcofluonde  of  potassium 


=     SiFf», 


si^'i 


FP. 


Tlio  quest  ion  cantK^it  be  directly  decided,  because,  as  already  obserred,  the  npowt- 
densitio^  of  fl,uoriue  and  of  hydrofluoric  arid  are  not  known  ;  but  the  recent  ftiporiflifQli 
of  Borodine  (CImento,  xv.  305  ;  R^p.  Chim.  pure,  1862,  ^  834)  teod  etrongly  to  the 
concltisiftn  thut  fluorine  is  monatomic,  aa  hitherto  mippoced,  and  that  the'  double 
fluorides  are  aniilogous  to  the  double  chlorides,  iodides,  ore,  rather  than  to  the  dotitsle 
Bulphides  and  oxides,  or  to  the  double  salt*  of  dibasic  acida. 

The  fluorides  of  potassium  and  Bodium  bare  a  great  tendency  to  unite  with  hydro- 
fluoric acid,  and  form  acid  fluorides,  and  consct^uently  they  readily  give  up  half  their 
metal  even  to  tJie  weakest  acids.     Thus  a  iolution  of  fluoride  of  potjissium  mired  with 
dilute  Acetic  acid  yields,  by  eviiporation,  cryatala  of  the  salt  KF.HF : 
(7H*0*  +  2KF  ^  KF.HF  +   (?H*KO* 

A  similar  action  takes  plnee  with  fluoride  of  sodium. 

An  aqueous  solution  of  benzoic  acid  doea  not  act  on  fluoride  of  potaasium ;  bat  idi 
alcoholic  solution  of  that  acid  mixed  with  the  aqueous  solution  of  the  flttoride  yi«Ida|~ 
crystalline  prefcipitato,  which  ie  a  mixture  of  acid  l>en2oate  and  acid  fluoride  of  j 
siuiii,  C'H*K0^.C'H'O^  +  KF.HF.     A  similar  action  is  exej-te^i  by  raletrie,  dtat^ 
oxalic,  and  tartaric  acids;     Hence  it  appears  that  nil  organic  acids  deooOMioed  the 
fluorides  of  potassium,  or  of  sodium,  forming  an  ncid  fluoride,  but  do  not  tbenuKnr 
witli  tliJp  alkaline  fluoride  in  the  same  manner  as  hydrofluoric  acid  does, 

F£17CIKZIIES»  OMOAXICm     Only  a  few  compounds  of  flnorioe  with 
ndides  hare  been  obtained,  Tis.  the  fluorides  of  hfnso^i  (p.  fl71)t  tth^l  (p.  633)7  snd 

F&170KIMB.  Atomic  u*dt/ht,  19,;  aymhol^  F,  This  element  is  widely  difllnsed,  but 
not  in  hirpe  quantities.  It  occurs  most  abundantly  as  fluoride  of  calciuin^  and  is  also 
found  in  fluoride  of  cerium,  topaz,  cryolite,  warwickite,  and  yttroceritc  ;  and  in  stnall 
quantity  in  fluor-u petite,  wagrierite,  amblygouite,  warellite,  and  many  other  minemli^ 
It  also  occurs  In  bones  and  teeth,  both  recent  and  fossil,  and  in  urine.  Profe^or 
Wilson,  of  Etlinbtii^hj  has  shown  that  fluorine  exists  iri  a  great  number  of  pUnta* 
eHpcciaily  lu  the  siliceous  stems  of  gm.«?ses  and  equi setaceous  plants,  alwiiys,  howercj*, 
iu  very  small  and  rariablc  quantities.  He  supposes  that  soluble  fluorine 
compouads  diflHtse  tlK'mselvfS  tlimjiigh  the  rining  nap  of  the  plants  and  are  con- 
^•crted,  by  the  bilica  eontaiued  therein,  m\f>  fwduble  ail ico- fluorides  Trac 
fluorine  ttlso  occur  in  the  trap- rocks  near  Edinburgh  and  in  the  neighbourhood  < 
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Clyde,  in  tho  granites  of  Aberdeenaliire,  and  in  the  soils  fomi*>d  by  the  diHiiit<?gratJon 
of'thost>  rocks.  Witsoa  has  also  found  alight  tr»cea  of  fluorine  in  the  ashes  of  ox- 
|»lood,  milk«  and  cream*^ee8e,  and  very  slight  traces  in  the  ash  of  the  whey  of  milk. 
,<Edin.  PhiL  J.  liii.  356;  Chem,  Gast.  1850*  p*  366,) 

Small  quantities  of  fliiorino  hare  been  foiiud  in  the  waters  of  the  Seine,  Khone^ 
Saone,  Loire,  and  other  rivers  (Nickl&s,  Compt.  rend.  xHt»  783;  xlv,  331,  M^ne« 
ihiil.  L  731),  and  in  larger  quantity  in  certain  mineral  waters,  especially  those  of 
Contrex^Tiile»  Antogaat,  and  Clifiiti?nois,     (Nickl5s.) 

Afioording  to  Nickl^s,  flnorido  of  calchim  oe^nrs  in  all  waters  which  contain  acid 
earbooaie  of  caleinm,  and  ma^  therefore  be  found  in  ail  calcareous  rocks  and  minerals 
formed  by  sedimentary  deposition. 

Of  fluorine  in  the  fr^  state  we  know  hut  little.  Flnoridea  are  decomposed  by 
chlorine  and  converted  into  chlorides,  and  donhtlews  the  fluorine  is  at  the  same  time 
set  free ;  but  it  directly  enters  into  combination  with  tlie  material  of  almost  eveiy 
vessel  that  can  be  used  to  receive  it,  so  that  its  isolation  is  a  matter  of  great 
difficulty. 

Lotiy  et  (Compt^  rend,  xxii  960)  decomposed  fluoride  of  silver  by  means  of  chlorine 
or  iodine  in  a  vessel  made  of  fluor-sparp  and  obtaiiidd  a  gas  which  was  colourless  iu 
tJiin  strata,  did  not  bleach  vegetable  colours,  dMomposed  water  rapidly,  and  at- 
tucked  roost  metals,  not  however,  gold  or  platinum,  Fremy  (Compt.  rend,  xxsviii, 
393  ;  xl,  961^),  by  sitbmittine  fused  fluoride  of  potassium  to  the  action  of  the  voltalo 
current*  obtained  a  gas  which  rapidly  attacked  platinum,  decomposed  water*  with  for^ 
mation  of  hydrofluoric  acid,  and  displaced  iodine  from  its  combinatioDa  with  metals. 
By  decomposing  fluoride  of  calcium  at  a  red  beat  with  dry  chlorine  or  oxygen,  he  like- 
wise obtained  a  ms  which  rapidly  attacked  glass :  this  gas  appeared  to  be  fluorine. 

H,Beinscli  (N.  Jabrh.  Pharm,  xL  l)^  by  heating  a  mixture  of  cryolite,  peroxide  of 
lead,  and  acid  sulphate  of  potaasium,  obtained  a  colouriess  gas,  chteflj  consisting  of 
oxygen,  but  having  a  pungent  odour,  like  that  of  nitrous  acid,  which  he  attributed 
to  the  presence  of  a  small  quantity  of  free  fluorine. 

Kammerer  (X  pr,  Chem-  bcxxv.  462),  by  hetiting  iodine  with  excess  of  fluoride 
of  silver  in  a  sealed  tube,  from  which  the  air  hiwl  been  expelled  by  iodine -vapour, 
obtained  a  colourless  gas,  wluch  did  not  attack  gluss,  could  be  eoUect^d  over  mercury, 
and  was  rapidly  atisorbcd  by  potash,  the  liquid  aubsequently  not  exhibiting  a  txace  of 
iodine  or  of  i^ilicon, 

r^vosrarst  heteotxow  Asm  ssTimjLTxov  oi*.    i.  EeactianM.— 

Fluorine    is    usually  delected    by  the  evolution  of   hydrochloric  acid  which  tJikes 

Elace  when  its  compounds  are  heated  with  sulphuric  acid.  When  a  fluoride  is  gently 
etited  with  strong  sulphuric  acid  in  a  leaden  cup  or  platinum  crucible ;  the  vf ssel 
covered  with  a  plate  of  glas«  coatad  with  etching-wax  on  which  lines  are  traced  with 
a  needle,  bo  as  to  expose  the  surface  of  the  glass,  the  plate  removed  after  a  while,  and 
the  wax  scraped  ofif;  the  lines  are  found  to  bo  bitten  in,  and  appear  particidarly  distinct 
when  breathed  upon. 

If  the  fluorine  is  in  very  small  quantity,  or  if  silica  is  likewise  present,  the  substance 
iinilt-rexaininatioo  should  be  mixed  with  strong  sulphuric  acJd  in  a  watch-gtass,  heated  till 
it  is  dry,  and  the  residue  washed  off  with  water ;  the  spot  on  which  the  mixture  has  been 
evaporated  then  appears  dull.  Another  method  of  detecting  small  quantities  of  fluorine, 
is  to  heat  the  sabataDce  (mixed  with  silica  if  that  body  is  not  already  present)  With 
Wtrong  snlphurie  acid  in  a  glass  vessel ;  pjass  the  evolved  fluoride  of  silicon  into  water; 
inpersatiirate  the  resulting  hydrofluo«ilicic  acid  with  ammonia;  evaporate  to  dryness; 
exhaust  the  residue  with  water;  again  evaporate  the  filtrate;  and  test  the  residue  in 
the  ordinary  way,  by  heating  it  with  sulphuric  acid  in  a  platinum  vessel  covered  with 
a  waxed  glass  plate.     (Gr.  Wilson,  Chcm.  Soc.  Qn.  J.  v,  lol>) 

Nickles  (Compt.  rend.  xliv.  679)  points  out  that  in  searcJiing  for  traces  of 
fluorine,  error  is  very  apt  to  arise  from  the  presence  of  small  quantities  of  hydrofluoric 
acid  in  the  sulphuric  acid  used ;  also  from  the  fact  that  certain  other  acids  in  the  Ktate 
of  vapour  act  upon  glaai  in  a  similar  manner  to  hydrofluoric  acid,  though  not  so 
pow**rfully.  lie  etatea  that  a  surfiice  of  rock-crystal  completely  withstands  the  action 
of  all  acids  except  hydrofluoric  acid,  and  that  by  using  it  instead  of  glass,  the 
'-  inatcfit  traces  of  fluorine  may  be  detected  with  certainty. 

Small  quantities  of  fluorine  may  also  be  detected  by  the  blow-pipe,  eopecially  if  th» 

^~* — ^^  examined  likewise  contains  water.      A  sample  is  intimately  mixed  with 

^ic  salt,  and  heated  at  the  end  of  a  glass  tube  open  at  both  ends,  in  such  a 

ler  that  the  flame  may  be  partly  driven  iDfo  the  tube.  If  fluorine  is  present, 
Itydrofluoric  acid  is  given  off,  and  condenses,  together  with  vapoar  of  water,  in  tbo 
upper  and  cooler  part  of  the  tube ;  on  evaporating  the  water,  a  duU  spot  is  foun4 
where  the  hyilrotluoric  acid  lias  acted  on  the  glaaa. 
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*L  QuanUiativeisiimaiion, — Solid  flaofidM  ue  dccompa*ed  byhcfttingl^ 
in  n  pUtiaum  cniaWe  with  «trong  ndphuric  acid,  oontinuiog  the  liiiit   till  all  f 
flaorititi  is  expelled  in  the  forni  of  hydrofluoric  acid,  and  tho  excess  of  mlphmic  i 
likewise  drawn  off.     The  residual  Biiipliat«  is  then  weighed,  and  the  quantitj  of  \ 
in  it  calculated  ;   this  quantity  deducted  from  the  original  weight  of  the  fluoride  | 
th«  qnantity  of  fluorine.     Or,  Kuppoeing  no  other  volatile  acid  to  be  proMnt* )' 
diffoppnce  m  the  weight  of  the  fluoride  and  the  snlpbate   formed  from  it  be  i,  tk 
(quantity  of  the  fluorine  may  he  found  by  means  of  the  cqtiationa, 

SO*      4« 

whence  tlie  q^unntity  of  fluorine  which  goes  oflTia 
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The  Jipcond  mode  of  calculation  is  equally  applicable,  whcth<^  the  flnoriae  fee  i 
l>ined  with  one  nif  tal  or  with  several. 

Sonic  fluorides,  especiidly  the  fluoride  of  alumininm,  are  Bomewhat  dtfllfolt  to  ^ 
compose  by  mtlplinric  acid.  In  this  ease,  the  Bubttance  must  be  reduced  to  t 
fine  powder,  and  heated  for  some  time  with  very  stroog  bulphuric  acid.  The  de 
aition  miij^  however,  he  more  quickly  cflbctcd  by  fWion  with  acid  sulphate  cf  a 
nium.  When  fluoride  of  tduminium  m  thus  treated,  and  the  residual  sidphate  of  I 
nium  calcined  with  addition  of  a  small  quantity  of  carbonate  of  ammonium,  « 
pure  alum  inn  is  ohtain»Hj  ;  and  by  calculiiting  the  quantity  of  altuninimn  eoiitahi«A 
tin  r**in^  the  amount  of  tluorino  may  bo  determined  by  difference ;  i£  howe^ts;  lb» 
lluoride  containB  water,  the  ttmount  of  the  water  must  be  prerioualj  determtoed. 

In  deeotiiposing  fluorides  by  sulphuric  acid^  it  ia  often  desirable  to  estimate  the 
amount  of  fluorine  directly.     For  this  purpose,  the  acid  Tapioun  erolTed  are  pai 
into  waten  and  the  amount  of  fluorine  is  determined  by  meana  of  oxide  of  lead,  as  I 
be  presently  cxplftined. 

As  gaseous  fluoride  of  silicon  Is  more  easily  separated  from  solid  ocimptmadB  ' 

action  of  strong  anlph uric  acid  than  hydrofluoric  acid,  Wohler  hos  proposed  to        

mine  the  fluorine  in  certain  compounds  by  mixing  them  with  ^iiicff,  ana  treating  tbflir 
with  strong *r*/pAwnc  acid.  The  fluorine  is  then  given  off  asHiioride  of  siliom,  whidi, 
when  poiieed  into  wafi^r,  is  resolved  into  a  precipitAte  of  frilifa  und  a  solution  of  liydi*»- 
flaosilicic  licid.  The  liquid  Beparated  from  the  silica  by  flltration  is  mixed  with  iko- 
hol  and  with  a  salt  of  pot^UMtium.  ftodlam,  or  barium,  whereby  a  precipitate  is  fomed 
cont;iiiiing  the  whole  of  the  fluorine  in  the  form  of  silico fluoride  ofpotassiain, 
Bodium.  or  barium  ;  this  precipitate  is  collected  on  a  weighed  Alter,  vashted  with  a 
mixture  of  equal  volumes  of  alcohol  and  water,  dried  al  100*^  C.  and  we^jghed,  and  the 
amount  of  fluorine  dett^nuined  frf:)m  it  by  calculation^ 

Kstimatian  of  FfnoHne  in  Solutions:  u.  By  m^ans  of  Oside  of  Zieg«L— ^In  a  liqmd 
containing  hydrofluoric  ticiti,  unmixed  with  any  ba^e,  or  isHth  any  acid  ezecpft  mtric 
acid,  the  quantity  of  fluorine  muy  h*i  detemuned  by  adding  a  weighed  quantity  of 
piure  cakiued  oxide  of  lead,  evjiporating  to  dryness  in  a  platinam  capsule,  nnd  cil- 
einin^  the  re«ftdue  in  a  small  platinum  cnicihle,  taking  care  not  to  raise  the  beat 
high  enough  to  deoompse  the  fluoride  of  lend.  The  solution  ma^t  not  contain  amaonia 
or  any  of  its  ludtfl.  The  redduc  exhibits  an  inerease  of  weight,  arising  from  the  stthttiHi- 
tion  oi  fluorine  for  oxygen  ;  and  a  calculation  similar  to  the  above  shown,  that  tkit 
incrtuse  is  to  the  quantiiff  of  JiuoHne  in  the  rr^idue,  in  th^  Mtm4  ratio  a*  ikt  dijftftnce 
between  thft  atomic  weight  of  Jtuorine  and  half  the  atomic  weiaki  ojf  ojcy^en  M  f«  lA# 
tftomie  wciifht  nf  fluorine.  Hence  if  the  increase  of  weight  bo  <C  the  quanlitj  of  f  "^~' 
in  the  residue  is 
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ft,  Btf  precipHaihn  OM  Fluoride  of  Calcium. — In  neutnil  liquids  containing  Sioluble 
fluorides,  the  fluorine  may  be  precipitated  by  chloride  of  calcium.  To  Militate  the 
deposition  of  tho  precipitate*  the  whole  must  be  Itoiled,  and  left  to  itself  for  the  pr*^ 
cipitiite  to  Bcttle  clo^Ti ;.  the  clcap  liquid  then  poured  through  a  filter;  the  rvmaining 
pn^eipitate  well  bulled  with  water;  the  clear  liquid  again  poured  off;  and  these  opera- 
tioo.H  rept'ated  aevenil  timPH,  the  precipitate  not  bein^  poured  upon  the  Alter  till  it  has 
bt-eo  well  wjiiihed  by  deoaiitation.  It  is  then  dried,  ignited,  and  weighed.  It  contains 
4S  32  per  cent,  of  fluorine. 

If  the  solution  is  acid,  it  is  best  to  supersnturste  it  with  carbonate  of  sodium,  nd 
add  a  solution  of  chloride  or  nitrate  of  caloiniu,  which  throws  down  a  mixtnze  of 
fluoride  and  cariKjntito  of  calcium,  much  easier  to  filter  and  wash  than  the  flnoridft 
ulone.  It  is  dried  and  ignited,  tho  filter  beins?  burnt  in  the  ordinary  way  ;  theft 
digcHtcd  in  a  platiimm  capfiule  with  atretic  ucid^  which  decomposce  and  dtssulrca 
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the  carbonate  of  oalctiiTn,  but  Uteres  the  fluoride  untouched.  The  whole  is  eraporated 
to  drjTi<^««  ov<*r  the  wnfer-biith,  till  the  residue  no  longer  smeUfl  of  aettie  acid ;  and 
thij  residue  is  ti^'sti'd  with  hot  wiiter»  which  dissoWes  the  aeetato  of  caidtim,  leaving 
the  flnoride,  which  may  be  wiuihed,  dried,  and  weighed  aa  aboyp*  If  the  pt^pitate 
were  not  caldned  before  being  treated  with  acetic  acid,  it  would  stop  up  tho  porea  of 
the  filter  dtti'ing  washing* 

If  the  solution  of  a  fluoridi?  contain«  ammoniacal  nalts,  thi*y  must  be  decomposed  by 
bolting  with  carbonate  of  sodium  before  precipit&tion,  inamiiuch  as  fluoride  of  calcium 
Is  toraewhat  aoluble  in  ammonia-aalts, 

FluoxiDC  may  also  be  precipitatiiKl  as  fiwifide  of  barium^  or  of  kad ;  but  these  modes 
of  estiinatJon  are  less  ejcuct  than  that  which  ia  baaed  on  the  precipitation  by  calcium 
falts  as  just  described, 

E»timatiim  of  Fluorine  in  insoluble  covi-pfiunds,—W)if}r\  the  quantity  of  fluorine  in 
an  insoluble  compound  ia  somewhat  considerable,  thf  method  of  estimation  by  deeom- 
poaitioti  With  Bulphuric  acid  (p.  fl74)  is,  the  simplest  and  most  accurat*^  that  can  be 
employed;  but  very  small  quantities  of  fluorine  cannot  be  exactly  CMiimatt^  in  this 
maimer.  Tho  best  mode  of  prweeding  in  such  casefl,  is  to  conrert  the  insoluble 
Huoride  into  a  soluble  fluoride  by  fusion  with  an  dkaiine  carhtmatr^  treat  the  fused 
man  with  water,  and  pnc^jipitate  the  filtered  solution  with  chloride  ot  nitrate*  of  calcium 
in  th«  maimer  already  described.  Some  of  the  eartliy  fluorides,  howerer,  especially 
fluoride  of  calcium,  which  is  of  frequent  occurreDCie  as  a  natunil  mineral,  cannot  he 
completely  decomposed  by  this  ppow»88.  In  all  cases,  howerer,  complete  decomposition 
may  be  effected  by  fusing  the  fluorido  with  a  mixture  of  nlkafinf  carbonate  and  Mca  ; 
fluoride  of  calcium  thus  treated  yields  a  mixture  of  alkaline  fluoride  and  silicate,  with 
caTbottat«  and  silirate  of  calcium.  On  treating  the  fused  mass  with  wuter,  a  «ohition 
is  ohtaitied  containing  a  fluoride  of  the  alkali-metal,  together  with  carbon*it«  and  a 
small  quantity  of  silicate.  The  silica  may  be  precipitated  as  silicate  of  zinc,  by  adding 
to  the  alkaline  liquid  a  s<Dlutien  of  zinc  in  ammonia;  and  from  the  flltriite,  which  contains 
fluoride  and  carbonate  of  the  alkali-metal^  the  fluorine  may  bo  precipitated  by  acalcium- 
aalt,  and  the  estimation  completed  in  the  manner  already  described. 

Efthnatitm  of  frte  Uifdrofiuoric  acid  in  presence  of  Fluaridra,- — In  compounds  of 
metallic  fluorides  with  hydrofluoric  acid,  the  amount  of  the  latter  may  often  be  esti- 
mated by  simple  calcination  in  a  platinum  crucible.  In  some  cases,  however,  the 
rt  ftidual  metallic  fluoride  is  partly  doeonipoftwl  by  contact  with  the  air*  To  avoid 
tlie  source  of  error  thence  arising,  Berzelius  mixed  the  p<:tmpoiind  with  six  times  its 
Wi'igh!  of  oxide  of  lead^  and  calciuL'd  the  whole  in  a  small  retort.  The  free  hydro- 
fluoric acid  is  then  decomposed,  yielding  fluoride  of  lead  and  water,  which  escapes  and 
may  be  estimated  by  loss,  and  the  equiTalent  quantity  of  hydrofluoric  acid  thence  de- 
termined. Another  portion  of  the  compound  is  decom|xi«ed  by  sulphuric  acid  (p.  674) ; 
the  quantity  of  fluorine  existing  in  the  compound  as  metallic  fluoride  is  determined 
from  the  amouut  of  aulph.itQ  thus  obtained ;  and  this,  added  to  the  quantity  present 
as  hydr«>fluoric  acid,  gives  the  total  quantity  of  fluorine  in  the  com  pound. 

If  the  compound  likewise  contains  water  of  crystallisation,  the  loss  of  weight 
Insulting  from  calcination  with  oxide  of  lead  represents  the  sum  of  this  water  of  cryH- 
tallisatton,  and  the  water  which  is  formed  by  combination  of  the  hydrogen  of  the 
hydrofluoric  acid  with  the  oxygen  of  the  lead-oxide.  The  total  quantity  of  fluorine 
originally  in  combination  with  the  metal,  may  then  be  determined  by  heating  the 
calcined  residne  with  sulphuric  acid ;  and  this  diminished  by  the  quantity  originally  in 
combination  with  the  mt.>tal, — which  may  be  determined  by  heating  a  sej«irate  piirtion 
of  the  original  substance  with  sulphuric  acid,  aa  above,— gives  the  quantity  present 
te  hydrofluoric  acid.  The  amount  of  water  equivalent  to  this  latter  quantity  may 
then  be  calculated,  and  this  deducted  from  the  Joss  of  weight  resulting  from  calciua* 
lion  with  lead-oxide,  gives  the  amount  of  water  of  <!rysta.llisation. 

8.  Separation  of  Flnorintf torn i>thertUment».—\.  From  Metais.  Fluorides 
aolublw  m  water  or  in  acids  may,  in  many  cases,  be  decomposed  by  precipitating  the 
tnetal  aa  sulphide  with  sulphydric  acid.  The  filtered  liquid  i«  theu  saturated  with 
carbonate  of  sodium,  and  the  fluorine  precipitated  by  chloride  of  calcium.  If  the 
solution  is  a<<id,  the  precipitation  of  the  metal  must  be  nerfonned  in  a  platinum  vessel 
(tf ince  free  hydrijfiuoric  acid  attadcs  giass),  and  the  liquid  filtered  on  a  platinum  funnel ; 
€»r  the  solution  may  be  supersaturated  with  the  alkaline  carbonate;  the  precipitate 
ideeompoeed,  without  previous  filtration,  by  sulphuric  acid:  the  liquid  then  fljtered, 
ind  the  fluotinc  precipitated  by  chloride  of  calcium :  by  proceeding  in  this  manner,  the 
whole  prucesa  may  be  performed  in  glass  vessels. 

Compounds  of  fluorine  with  metals  which  are  not  prcdpitated  by  sulphydric  acid  as 
■ulphides,  viz.  the  fluorides  of  the  earth-metals,  cannot  be  decomposed  in  this  manner, 
but  roust  be  treated  either  with  sulphuric  acid  (p.  674),  or  by  fuaicin  with  carbonate  of 
■odiiim  and  silica* 

X  X  2 


^f^^^  FLUORINE:   ESTIMATION. 

From  Ckromkmid. — When  a  aolution  MnUinin^  hjflroflaoric  and  chromie 
tr*?atai  with  chloride  of  calciom,  &  Bmall  quantity  of  chromic  acid  is  «lwaT«  pro 
tof^t^thcr  with  the  fluoride  of  caldum^  and  consequently  exhibits  a  green  coloK 
calcination,  the  chromic  acid  having  been  partly  reduced  to  sesquiozide  by  the  ooBr 
buiition  of  the  filter*  To  separate  this  small  quantity  of  chromium,  the  calciiied  pw- 
cipitate  ia  moistened  with  sulphuric  acid,  whidh  deeomposee  it  completdj,  and  the  de- 
composed mass  ia  heated  with  alcohol  diluted  with  half  its  balk  of  water*  nni 
the  resulting  sulphate  of  caleittm  i&  waahed  with  alcohoL  The  filtered  aoiation,  ^tieit 
cout^Him  all  the  chromium  in  thi^  form  of  chromic  mlpbate,  ia  tre&ted  villi  ***"*^^*, 
whiclj  prf*ci}iitiitea  the  chromium  in  the  form  of  ftesqiuoxide. 

The  liquid  filtered  from  tho  origiDal  precipitate  of  fluoride  of  calcium  coataiitt  Xht 
greater  part  of  the  ehromium  in  thts  form  of  ehromate  of  calciuLin^  The  chronuc  aaA 
in  reduced  to  sesquioxide  by  means  of  hydrochloric  acid  and  sulphydrie  add  or 
ulcohol^  and  the  ekromiuiii  precipitated  by  ammonia  from  the  filtrate  aa  Bcsqakoddn 
From  this  quantity,  added  to  tho  small  quantity  prerioasly  determined,  the  waouilof 
chromic  acid  or  metal  lie  ehromium  in  the  compound  may  be  found  by  calcolatioa. 

The  quantity  of  diromate  of  calcium  equivalent  to  the  eeequioxide  of  daaaam 
■nparated  from  the  fluoride  of  cakiuni,  muiit  also  be  determinea  ;  and  thia  dedadtd 
from  the  total  weight  of  the  calcined  precipitate,  gives  the  exact  quantity  of  the  flooiule 
of  cflknuni.     Thi»  methcd  may  servo  for  the  axialfsis  of  fluoride  of  chr^mum  (L  Wl)» 

For  tho  separation  of  fluorine  fromi  Boran  i»ee  i  631. 

Stparativn  of  Ftuoridtsfrom  Phoj/tphtUm. — Fluorides  frequently  oecur  in  natsfv  in 
conjunction  with  phosplmtes,  as  in  apatite  and  in  bones.  To  analyae  such  a  cMh 
pound,  it  is  first  heated  with  suJpburic  ucid,  to  expel  the  fluorine ;  the  residue  difestid 
with  jileohol  to  dissolve  the  phosphoric  add  which  has  been  set  &ee;  tlie  qnantitjQf 
that  iicid  determined  by  precipitation  with  amjnonia  and  solphate  of  magne^ara;  umI 
the  metaK  now  remaining  in  the  form  of  sulphates,  determined  by  the  n«»ual  methods 
Lastly,  the  total  weight  of  these  metals,  together  with  that  of  the  phosphoric  ad4  ^ 
rather  of  theconresponding  sak-radielo  (PO^  if  the  phosphates  are  txibaaie)  is  dedaetod 
from  the  original  weight  t^f  the  mineral;  and  the  difference  gives  the  qnantity  of  inariBc. 

For  the  sepamtion  of  fluorides  fn>m  sihcatrjt,  see  Siijcox,  EanMATioK  of, 

Srptiratiim  of  Ftuoridr»  from  Sulphates, — Borne  fluorides  occur  in  nature  mixed 
with  insoluble  sulphates ;  fluor-spar  with  sulphate  of  barium  for  example,  Soch  a 
mixture  cannot  be  completely  decomposed^  either  by  hydrochloric  acid,  or  hj  alkahae 
carlxmatea :  for  hydrotliloric  acid,  besides  diwsolviug  a  Nmall  quantity  of  the'snlphate^ 
leaves  a  portion  of  the  fluoridti  of  calcium  mixed  with  the  undissolTed  sulphate;  and 
fusion  with  alkriline  carbonates  decomposes  the  sulphate  of  barium  completely,  but 
not  the  fluoride  of  calcium.  The  only  way  of  efl'ecfing  the  complete  decompoeitioa  of 
»w:h  a  mixture  is  to  fuse  it  with  a  mixture  of  alkaline  carbonate  and  tOka;  hart  with 
six  times  its  weight  of  amixtiira  of  potaasic  and  Bodic  carbonates  in  atomic  propovtioiis, 
and  2  pta.  of  silica. 

The  fused  mas«i  is  treated  with  water,  the  whole  erapomted  to  diyneta  to  separate 
tho  siliea  as  compktely  as  possible,  the  alkaline  liquid  then  supersaturate  with 
hydmx:liioric  acid,  and  precipitated  by  chloride  of  btirium.  Sulphate  of  barium  m 
tliereby  precipitated  quitn  fret*  from  fluorine :  this  determines  the  sulphuric  acid. 

To  determine  the  fluorine,  the  alkaline  liquid  from  anolher  portion  must  befla|N>^ 
witurated  with  nitric  acid,  the  sulphuric  acid  precipitated  bj  nitrate  of  barinoi,  the 
filtrate  exactly  saturated  with  carbona&e  of  sodium,  and  the  fluorine  furecipttat«d  m 
fluoride  of  barium  by  addition  of  alcohoL 

The  residue  insoluble  in  water  is  treated  with  hydrochloric  acid ;  the  whole  b 
mtMfmted  to  dryness,  the  dried  maaa  moistened  with  hydrochloric  acid,  and  boiled 
witn  watCT  to  separate  silica,  und  the  baryta  and  lime  separat^sd  in  the  filtrate  by 
^methods  already  given  (i.  717)* 

P  Separation  of  FluaHtif  from  CMortne. — To  ni^utral  eolnhle  compound*,  chlorine 
my  he  aeparated  from  fluorine  by  precipitation  with  nitrnte  of  silver*  The  excess  cf 
mkwt  ii  then  leparated  by  hydrot^hloric  acid,  the  flltnite  saturated  with  earbonale  of 
lodium,  and  tho  flnoridt*  preeipjtatetl  as  fluoride  of  oalciura. 

Or  the  fluorine  may  Ijc  first  precipitated  by  nitnitc  of  calcium,  and  tlie  chlorine 
from  the  flltrut^  by  nitrate  of  silver.     This  in  the  easier  method  of  the  two. 

To  efllict  the  sepanition  of  chlorine  and  fluorine  in  in?«iolublo  compoanda,  it  is  ta 
most  cjises  neee^sarj'  to  decoiii|iose  the  compound  with  a  mixture  of  aUulUdc  carboocte 
and  silica.  Tho  fu^ed  mass  in  then  treated  with  water,  which  dissolves  the  dilorida 
and  fiuoride  of  the  alkali-metal,  toffether  with  tho  excess  of  the  alkaline  carbomati^ 
and  a  small  quantity  of  silica*  The  residue  in  washed  with  water  containing  csir* 
bonate  of  ammonia,  and  thn  alkaline  filtrate  is  exactly  nentmlised  with  nitric  ac id 
to  separate  the  dissolved  silica,  the  liquid  again  filtered,  and  tho  chlorine  and  flooring 
sepstrated  as  above^ 

Similar  methods  may  be  used  to  separate  fluorine  from  bromim  and  toJ^ML 
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4.  Atomic  weight  of  Fluorine.  —  Berzelins  (Po^.  Ann.  i.  1;  Lehrb. 
6**  Aufl.  iii.  1196)  determined  the  atomic  weight  of  fluorine  by  conyerting  known 
weights  of  fluoride  of  calcium  into  sulphate,  by  decomposing  it  with  pure  sulphuric 
BciS,  and  igniting  and  weighing  the  product 

100  pts.  of  Derbyshire  fluor-spar  gave,  when  thus  treated,  from  173*63  to  173*86  pts. 
sulphate  of  calcium.  The  material  used  for  these  experiments  was,  howeyer,  after- 
wards  found  to  contain  phosphoric  acid  and  magnesia,  so  that  the  following  determi- 
nations, made  with  artificially  prepared  fluoride  of  calcium,  may  be  considered  more 
accurate.  100  pts.  of  the  latter  material  gave  — 174*9,  175*0,  and  175*1,  on  the  average 
175*0  pts.  sulphate  of  calcium.  Taking  Ca  «  20,  S  «  32,  and  O  «  16,  these  results 
lead  to  the  number  18*85  for  the  atomic  weight  of  fluorine.  Berzelius,  however,  con- 
sidered this  number  as  still  only  approximately  correct. 

Lou  yet  (Ann.  Ch.  Fharm.  Ixx.  234),  on  repeating  the  determination  in  the  same 
way,  got  nearly  similar  results.  100  pts.  of  almost  colourless  Derbyshire  fluor-spar 
gare  him  tcom  173*5  to  173*6  pts.  sulphate  of  calcium ;  mean  173*53  pts.  Artificial 
fluoride  of  calcium  gave  173*4,  173*5,  and  173*7  pts.  sulphate  of  calcium.  The  mean 
of  these  analyses  sires  19*2  as  the  atomic  weight  of  fluorine. 

Louyet  observed,  however,  that  the  complete  deeomposition  of  fluor-spar  by  sul- 
phuric add,  took  place  only  with  great  difficulty.  Finally,  he  succeeded  in  effecting 
It  by  pulverising  the  fluor-spar  very  finely,  treating  it  in  the  cold  with  concentrated 
sulphuric  acid,  heating  the  mixture  when  the  spar  was  entirely  dissolved,  and  then 
strongly  igniting  the  residue.  Six  experiments  made  in  this  way  gave  from  174*2  to 
174*5  pts.  sulpnate  from  100  pts.  of  fiuoride  of  calcium.  The  atomic  weight  of 
fluorine  hence  deduced  is  19*0.  Experiments  with  artificial  fluorides  of  calcium, 
barium,  and  lead,  confirmed  this  result  (Handworterb.  2**  Aufi.  ii.  [1]  485). 
Dumas'  experiments  on  the  decomposition  of  native  fiuoride  of  calcium,  and  of  the 
artificially  prepared  fluorides  of  potassium  and  sodium  by  sulphuric  acid,  also  gave 
for  fluorine  the  number  19  (Ann.  Ch.  Fharm.  cxiii.  20). 

r&VOB-AVAX.  CaF.  Fluor.  Fluorite.  Fluoride  of  Calcium,  Fluate  of 
Lime.  Batojfkite.  Chlorophane.  Blue  John.  Liparite.  Chaux  fiuatU,  Flitst-spatJi 
Muria  phosphorans. — This  mineral  crystallises  m  simple  forms  of  the  monometrie 
^rstem ;  riz.  the  cube,  octahedron,  rhombic  dodecahedron,  tetrakis-hexahedron  30ao 
(like  fy.  484,  which  represents  20 ao  ),  &t. ;  also  in  combinations  of  the  cube  and 


Fiff.  4S4. 


Fig.  485. 


Fig,  486. 


Fig.  487. 


octahedron  {Jig$.  485,  486,  487);  also  O  .  ooO  {fig.  488);  ooOoo  .  ooO  ijg,  489); 
ooOoo.  202  {fig.  490);  ooOoo  .  30ao  {fig,  491)  and  ooOoo  .  204  {fia.  492). 
Xwin-oystab  occur  fiirnied  bj  the  intersection  of  two  equal  cabei  \fig.  498),  having 
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a  diagonal  in  common,  and  one  turned  wrand  180°  from  the  position  of  the  odw; 
more  frequently,  however,  the  intersection  is  not  quite  so  regulmr,  the  cubes  eitW 
beinK  of  different  sizes,  or  having  their  diagonals  parallel,  but  not  ezactlj  coinddeit 
Cleavage,  octahedral  perfect  (Kopp's  Krystallogn^kU,  p.  122).— Fluor-spar  also  oecoi 
columnar,  though  rarely ;  often  granular,  coarse  or  fine. 

Hardness  =  4.  Specific  gravity  314  —  319,  or  according  to  Kenngott,  finom  a- 
amination  of  48  specimens.  31800  —  31889,  mean  3183. 

Fluor-spar  is  transparent  to  subtranslucent,  and  has  a  glassy,  sometimea  pendent 
lustre.    It  is  sometimes  perfectly  colourless  and  transparent^  but  mnch  more  fi^quently 
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coloured,  exhibiting  very  pure  and  bright  tints  of  yellow,  green,  blue,  and  red,  of  the 
most  various  shades.  These  colours  do  not  arise  from  the  presence  of  mineral  pig- 
ments, for  they  nearly  all  disappear  when  the  mineral  is  heated  to  redneea.  On  the 
otlier  hand,  it  is  by  no  means  probable  that  they  ure  due  to  the  presence  of  organic 
matter;  they  appear  rather  to  depend  upon  the  molecular  structure  of  the  mineral,  and 
to  be  connected  with  its  proj)erty  of  exhibiting  phosphorescence  when  heated  (Handw. 
d.  Chem.  iii.  171).  Streak  wliito.  Brittle.  Fracture  of  fine  massive  varieties,  flat 
concho'ulal,  and  splintery. 

Nearly  all  varieties  of  fluor-spar,  especially  in  the  state  of  powder,  when  heated  to  a 
temperature  somewhat  below  redness,  exhibit  vivid  phosphorescence,  the  light  emitted 
being  of  various  colours,  and  independent  of  the  external  colour.  This  effect  may  be 
produced  seveml  times  successively  with  the  same  specimen  of  fluor-spar,  provided  the 
temperature  be  not  raisod  alwve  a  certain  limit ;  but  alwve  this  limit  the  mineral  com* 
pletely  loses  its  phosphorescent  power,  and  likewise  becomes  colourlcM,  a  coincidence 
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which  Beemu  to  inrlicate  that  tho  conditiona  whidi  poducc  the  colour  iind  tli©  phos- 
|iborMC«iiC6  ai^  thu  mido,  or  at  ieu^t  closely  related.  The  pbomphoiTtfC^nt  power 
which  bjis  been  lost  by  ocpoKure  to  a  high  tempemttue,  may  be  partmlly  retttoFcd  by 
Hj]  electric  discharge. 

Before  the  blowpipe,  fiuof-ip»  decsvpittttn  mud  ultimatdy  mtltB  to  an  ennmftl.  If 
the  flame  be  coutiniied,  the  fluorine  ib  piirtly  enjelled,  and  tho  specimen  aanuroefl  a 
Cttnliflowfir-like  appeazioiice.  Easily  decomposed  by  heating  with  strong  stilphuric 
•ad  Cp.  669). 

Fiure  fluor-spar  contains  4S'7  per  eent.  flnotiiM  and  513  enlcitim.  The  minenil 
generallyf  howeyer,  contains  vmtSl  qfjantities  of  pho9phat«  of  calcium,  ao<|  someriuies 
sulphate  of  barium.  Berzelins  found  0'&  per  cent,  phosphate  of  calcium  in  the  Ituor- 
gpti  of  Derbyshire.  Keratea,  in  a  fluor-spar  from  lianenbeiig  and  Freil»erjr.  detected 
a  email  qnantit^  of  cliloriiie.  The  blue  granular  or  earthy  rariety  called  KatofTkite, 
from  BatoflFka  m  Russia,  is  mixed  with  day, 

Flnor-ppar  is  a  mineral  of  very  frequent  occurrence,  cffpecially  in  a«flociation  with 
mcfalUferouB  Yeinfl;  as  with  ailver,  copper,  tio,  lead,  and  cobalt  ores.  It  nomeliine* 
occur?  as  an  unesaential  constituent  of  etrtain  rocks,  e«pecially  of  some  varietiett  of 
granite  and  porphyry,  and  most  frequently  where  these  rocks  bor*ler  on  others.  It 
oocura,  however,  also  in  distinct  veins,  as  in  the  neighbourhood  of  Freibetig  and  in  tho 
Han.  In  tlie  latter  district*  near  Stolberg,  there  is  a  very  entensiTo  vein  of  compact 
fluor-spar,  which  hat$  for  yean  supplied  the  Mansfeld  copper  works  with  the  fluoride  of 
cakmm  which  they  require  as  a  nuic. 

In  the  North  of  England,  fluor-spar  forms  the  pnngxie  of  the  leftd-Teins  which  inter- 
sect the  coal -formations  of  Nort  hum  I  norland,  Curuberliind,  Durham,  and  Yorkshire  ;  the 
Cmnl»erland  flnor,  esnecially  the  green  Tariety,  oft#n  oontaiufl  lUtJpii  of  liqaid.  It  is 
abundant  in  Derbysnire,  and  also  in  ComwdU,  where  the  veins  intersiH]t  mach  older 
rocks.    Professor  Rogers  has  detected  it  in  cannel  coal* 

Fluor-spar  is  also  found  abundantly  in  msny  parts  of  North  America.  A  remarkaUo 
locality,  now  exhausted,  was  di.^^overcd  on  the  borders  of  Muscalonge  Lake,  in  JeflWr- 
Bon  countyn  New  York,  where  ctibit*al  crystals,  some  of  them  more  than  ti  foot  through, 
and  having  a  greenish  tinge,  were  fonnd  in  granular  limestone.  Ch/orophanr  forms  two 
veins  in  gnoiAS  about  18  iuchen  wide  in  the  town  of  TnimhnU,  Connecticut;  togeliMif 
with  topaz  and  magnetic  pjrit<»s. 

Fluor-spar  is  much  nseil  as  a  sonree  of  hydrofluoric  acid  (ii.  669),  nnd  as  a  flux  in  ine- 
tallnrgic  operations,  for  instanc**,  in  Devilles  method  of  preparing  aluminium  ( L  15ft). 

AlUnd  JormM. — Fluor-spar  is  slightly  soluble  in  water  containing  aoid  carbamate  of 
calciam.  The  alkaline  carbonates  decompose  it,  producing  carbonate  of  rah^ium  or 
calcspar,  and  a  subsequent  change  of  the  »dcspar  may  produce  other  pseudomorphs. 
Fluor-spar  occurs  changed  to  quartz  by  substitution,  also  to  limonite,  hstinatite,  litho- 
msrge,  psilomelane,  calamine,  smith&onite,  and  cenisitc.     (Dana.  ii.  95.) 

^litroszUtCAWI^zns.  A  product  of  the  dtcomposttion  of  phenyhmdne  by 
fluoride  of  t^ilicon.     (See  I*HEKYi^jnifi,  Dsooicpoisniows.) 

ri,UOTAirriil,ATEfl.  \^^  FtuoBmBS,  also  Siliook,  Taijtixum,  and  TrrA- 

'  \        NIXTM. 


A  general  term  for  any  Bubstanee  or  mixture  added  to  assist  the  fusion  of 
minerals.  In  the  large  way,  limiratone  and  tluur-spir  are  ua<Hl  i\s  fluxes.  The  fluxes} 
used  in  sssays  or  blowpipe  experiments  consist  usually  of  ulkaliM,  which  render  the 
eulhy  mixtures  fusible  by  converting  them  into  glas»,  or  else  glass  ifsclf  in  p<3wder 

AUcallne  fluxce  are  either  tho  crtidt  flux,  the  whtir  flux,  or  the  Mack  flux.  Crude 
flux  is  a  mixture  of  nitre  and  tartar,  which  is  put  into  the  crucible  with  the  mineral 
intended  to  be  fused.  The  detonation  of  the  nitre  with  the  infinmmabte  matter  of  tlie 
tartar  is  of  service  in  some  opertitions,  though  generally  it  is  attended  with  incon- 
Tenienee,  OIL  account  of  the  sweliiog  of  tho  materials,  which  may  throw  thi*m  out  of  the 
veMiel,  if  proper  care  be  not  taken  either  to  throw  in  only  a  little  of  the  mixture  at  a 
time,  or  to  provide  a  large  vessel 

White  flux  is  formed  b^  projecting  equal  parts  of  a  mixtnre  of  nifpe  and  tartar,  by 
moderate  portions  at  a  time,  into  an  ignited  crucible.  The  muss  thus  obtained  is 
white,  because,  in  this  prof^ortion,  the  oxygen  of  the  nitre  is  more  thun  suflieient  for 
*he  combustion  of  the  carbon  in  the  tart^tr;  but  fur  that  very  ritiscm  the  residue  con- 
taius  a  considerable  quantity  of  nitrite  of  potassium,  and  likei^^'i^e  »ome  nitrate. 

Black  flux  difTers  from  the  prnceding  in  the  prt^fNortion  of  it»i  ingf<'di<'nt«.  In  thi*, 
J  he  weight  of  the  tartar  is  double  that  of  the  nitre ;  on  which  aeeonnt  I  he  cvmibuisttou 
is  incomplete,  and  a  considerable  portion  of  the  tartaric  acid  is  de<^tm|nM*e«l  by  the 
Msitt  hc«t,  snd  l«avei  a  quantity  of  coal  behind,  oo  which  the  bla  k  colour  dejN-udjb 
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It  ifl  used  where  mfttallic  orefl  ttre  intended  to  be  reduced^  aad  effects  this  jniTpOM 
combining  with  the  oxygen  of  the  oxide. 

HorrpiitiV  rcdmcing  flux  i«  nmde  of  cicht  parts  of  piilTeris#d  g;lflflA,  oti»  of  oaMord 
lionut,  and  half  a  part  of  ch&rooal  powder.     Care  mnet  be  taken  to  use  a  glaas  ffkuk 
rontaiiis  no  lead.     The  white  glaous  contain  in  geoeral  a  Inrge  proporfiao,  sad  ' 
green  l)ottJB  glasses  arc  not  entire! j  free  from  iL 

Cyanide  of  potaiiHiiim  ift  much  uaod  as  a  fusing  and  ndncuig 
with  mptallie  oxides,  it  is  conrertM  into  <:yanate  of  potaMium, 
as  oxide  of  lead,  to  the  metallic  state ;  others,  as  peroxide  of  mangimeacy  to  a  knrif 
degrt»e  of  oxidation  (see  Blowpipi). 

7liT-VCI'W^£B«  This  term  is  applied  to  Tarious  preparutions  of  axieiiic^  med 
for  poiwoninfi  flies.     (See  lire's  Dictimiary  of  ArU,  ifc,  ii.  280.) 

roi>2>KK.  The  following  analyses  of  the  aeh  of  Tarions  fodder- plan ta  hare  haen 
made  by  Way  and  Ogston  (Roj.  Agr.  Soc  J.  xi.  [2]  63d;  JiUircaber.  d.  Cbm. 
1860,  Ko,  76—84  of  Table  B.  p.  661). 

Ash  of  Fodder-planU. 


Bilaah         .       .        . 

2 

111 

1^^ 

II 

13 

=  2 

el 

1} 

39^ 

9-99 

36-45 

2212 

3472 

32*82 

2972 

33*26 

ZQ*U 

Biidft     .       .       .       . 

w 

^ 

2-82 

Umt    .       ,       .       . 

4690 

22-62 

2661  124-66 

2078 

26-83 

19-01 

24-82 

U-Mt 

Magnesia      . 

3-60 

408 

10-22 

4-62 

6*31 

401 

S-51 

4-21 

3il] 

Ferric  oxid« 

076 

0'26 

0-33 

0-23 

066 

0-71 

090 

086 

oai 

.Sulphuric  anhydride 

2*86 

185 

2-16 

108 

2^62 

3-52 

611 

4-84 

2-44 

SUicie  anhydride 

0-69 

{)-69 

M4 

0-63 

128 

173 

237 

083 

9^2 

Carbonic  anhydride 

2648 

23-47 

22  70  126-61 

18-73 

2074 

14-10 

2172, 

936 

J'biiNphoric  anhydride    , 

6-96 

CI71 

846 

6-41 

10-69 

6-04 

7*08 

7*81 

7'W 

Cliloride  of  potasKium    . 

1-64 

239 

^ 

6-86 

3-27 

6-29  , 

4  53 

3  27 

20^ 

Chloride  of  a>dium 

1'90 

1-63 

3  40 

2-46 

4-03 

1*06 

8-80 

136 

'4 

9961 

09*95 

99  96  9997  i 

99-98 

100-24 

99-97 

99  97  99  96 

Ash    per   cent,  in   dry 
unbitanco .         .       *    , 

Aflh  per  cent,  in  fresh 
fiulistance  . 

Itill 

9-56 

8-36 

797 

6-50 

769 

8^8 1 

r-97  IS'45 

304 

184 

1-68 

1-77 

1*11 

2-12 

152 

M5 

Moisture  in  100  pts.  of 
air-dried  subatance     j 

69*96 

81-01 

81*05 

77-67 

82-9*) ' 

69-26 

8476 

85  6e 

Siilphar  in  100  pts.  of 
dry  substance     . 

273 

2  69 

1-02 

2-06  1 

2-38, 

2^61 

326 

2U 

167 

On  the  nutritive  riilne  of  fodder,  see  the  article  KuTiirnox;  also  the  following 
memoirs  (arnLn(|od  chrofiokTipieijlly). 

On  the  t^ffect  of  8itlt  sidded  to  Fotlder  (Bousningault,  Ann.  Cli.  Phyii.  [3]  ix. 
113:  xxiL  U6,  603;  Jahrcaber  d  Chem.  1847-8,  p.  1101). 

Difference  between  the  aetion  of  Moist  and  Dry  Fodder  (E*  Oppermann,  Ann.  Ch. 
Fhya  [3]  xix.  249j  Jahreaber.  1847-8,  p.  1102). 

Nutritive  value  of  Fodder  proportional  to  its  amount  of  Kitrogen  (Henoebere; 
Ann.  Cb.  Pharm.  Ixix.  336;  Jahresbe^  1849,  \k  627.^  Lassaigne,  Compt.  rend, 
XXIX.  627;  Jahreaber,  1849,  p,  627).— On  the  rontrary  (Volcker,  Ch«in.  Gaa.  1860. 
p.  337  ;  Jahresber.  1860,  p.  663), 

Relation  between  the  Com  posit  ion  of  Fodder  and  the  Respiration  and  Nutrition  of 
animals (Lawes  and  Gilbert,  Keporta  of  liritish  Association,  1862  j  Jahresber,  1863^ 
P*  7Cy): 

Nutritive  value  of  Luccm,  Mulbeny-leares,  and  Marc  of  Grapes,  as  fodder  for  sheep 
(Maris,  Rev.  scirnt.  [4]  i.  U7;  Jnhrcsber.  1862.  p.  817). 

Feeding  of  Meriiuj  aheep  (Wol  ff  and  Bahr,  Pharm.  Centn  1862,  p.  694 ;  Jahi^abcr. 

1862,  p.  818). 

IfutiitdTe  value  of  various  kinds  of  Fodder  (Anderson,  Jonraal  of  Agticultam  Ko^ 
39,  Jan.  1863,  p,  346.) 
Comj)o«ition  and  nutritive  value  of  Fodder  (Volcker,  Highland  Agrie.  Soc  J.  Jtilj, 

1863,  p.  36.— Wiiy,  Roy.  Agi-.  Soc.  J.  1853,  p.  661  ;  Jahrci^ber,  1833,  p.  759). 
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NutritiTe  valne  of  Ra^cake  (Wolf^  Pharm.  Centr.  1853,  p.  697). 

On  the  Feeding  of  animals  and  especially  on  the  effect  of  particular  kinds  of  fodder 
on  Pigs  (Lawes,  Roy.  Agr.  Soc  J.  xiv.  [2]). 

Comparison  between  Sugar  and  Starch  as  ingredients  of  the  Food  of  animals  (Lawes 
and  Gilbert,  Chem.  Gaz.  1864,  p.  396 ;  Jahresbcr.  1854,  p.  787}. 

Composition  and  nutritive  value  of  the  Waste  derived  from  tne  grinding  of  Peas, 
Barley,  Rice,  Oats,  &c  ^Anderson,  Highland  A^r.  Soc.  J.  new  series,  xliii.  197). 

Nutritive  value  of  various  kinds  of  F^der,  and  determination  of  the  quantities  of 
Water  and  Nitrogen  contained  in  them  (P  ierre,  Compt.  rend.  xl.  658 ;  xli  47,  138, 
566;  Jahresber.  1855,  p.  888). 

Composition  of  Oil-cake  fiom  various  sources  (Anderson,  Highland  Agr.  Soc  J. 
1855,  No.  48,  p.  552;  No.  49,  p.  532). 

Nutritive  value  of  various  waste  products,  especially  of  the  Residues  from  the  distil- 
lation of  Spirit  from  GFrain  and  Potatoes,  and  of  Brewers*  waste  (Ritthausen,  J.  pr. 
Chem.  Ixvi.  289^ 

Ash  of  Barley-malt,  Wine-lees,  and  Malt-germs  (Scheven,  ibid.  315). 

Nutritive  value  of  Ekn-,  Vine-,  and  Poplar-leaves  (Pierre,  Ann.  Ch.  Pbys.  [8] 
adviii  179^ 

Amount  of  nutritive  matter  in  Mangold-wurzel  and  its  reUtion  to  the  specifie 
gravity  (Anderson,  Highland  Agr.  Soc  J.  1856,  No.  51,  p.  174 ;  Chem.  Centr.  1856, 
pb  226). — On  the  constituents  of  Cabbage-heads  at  various  stages  of  their  development 
(Anderson,  ibid.  No.  51,  p.  195  ;  Chem.  Centr.  1856,  p.  232). 

Reduction  of  the  nutritive  value  of  various  kinds  of  Fodder  to  that  of  Hay  as  a 
standard  (Korber,  Chem.  Centr.  1856,  p.  843). 

Composition  of  Carrots  (Ritthausen,  Chem.  Centr.  1857,  p.  14). 

Composition  of  St  John's  bread,  Artocarpusincisa  (Volcker,  Zeitschr.  d,  deutschen 
Landwirthe,  1856,  p.  18 ;  Chem.  Centr.  1857,  p.  85). 

On  Buckwheat  (Pierre,  Compt.  rend,  xlvii  710). 

Composition  of  Cotton-seed  cake  (Anderson,  Blighland  Agr.  Soc.  J.  new  series.  No. 
60,  p.  287 ;  Chem.  Centr.  1858,  p.  327). 

Composition  of  the  Husks  of  Kape-seed  (J.  Lehmann,  Highland  Agr.  Soc  J.  new 
series.  No.  59,  p.  196 ;  Chem.  Centr.  1858,  p.  328). 

Determination  of  the  amount  of  Nitrogen,  and  thence  of  Albuminous  matters,  in 
A6bms,  Horse-chestnuts,  Buckwheat  flour  and  husks  (G.  J.  Mulder,  Scheik.  Onder- 
zoek,  L  No.  2,  p.  73 ;  Chem.  Centr.  1858,  p.  717). 

Examination  of  Artificial  Fodders  (Lawes,  Roy.  Agr.  Soc.  J.  xiz.  pt  1). 

Digestibility  of  Earthy  Phosphates,  when  added  in  the  finely  pulverised  state  to 
Fodder  (J.  Lehmann,  Ann.  Ch.  Pharm.  cviiL  257;  R^p.  Chim.  app.  i.  253). 

See  NAOTAom. 


roOB.    See  Nutrition. 

fCHO 
rOBXAMZBB.     CH'NO  -  N -^    H  .—  Discovered    in   1863    by  Hofmann 

I  H 
(Chem.  Soc  J.  zvi  72).  Prepared  by  heating  formate  of  ethyl  saturated  with  dry 
ammonia  to  100^  C.  for  two  days  in  sealed  tubes,  then  distilling,  and  collecting  apart 
that  which  passes  over  at  195^  C.  It  is  a  transparent  colourless  liquid,  which  does 
not  exhibit  any  tendcncrjr  to  crystallise,  even  when  kept  for  several  weeks  over  oil  of 
vitriol  Under  the  ordinary  pressure,  it  boils  between  192°  and  195°  C,  but  is 
resolved  at  the  same  time  into  carbonic  oxide  and  ammonia:  CH^O  i-  CO  +  NH". 
In  a  partial  vacuum,  which  lowers  the  boiling  point  to  140°,  it  may  be  distilled  with- 
out the  slightest  decomposition.  By  the  action  of  acids  or  of  cUkaUs^  it  is  resolved  into 
ammonia  and  formic  acid.  By  distillation  with  phosphoric  anhydride^  it  is  converted 
into  hydrocyanic  acid. 

fCHO 
SapHttijlftiniiaiiilde.    C"H*NO  »  N \  C>«H^    (Zinin,  Ann.  Ch.  Pharm.  cviiL 

I   H 
228.)~Produced,  together  with  dinaphthyloxamide,  by  the  action  of  heat  on  reutialor 
add  oxalate  of  naphthylamine : 

((CK)*)" 
2C«»IPN.C«HH)«        «  2H»0         +  N'J(C"H')« 

Neutral  oxaUte  of  I      H* 

oaphtbyUmliM.  Dlntphthyloxamlde. 


-      H«0  +  C0»  + 

NaphtbyUuaUie. 


fC'H*  fCHO 

NJ   H      +    nJc"H' 

I   H  1   H 

-  -   *  NaphtbTl- 

forainnlM. 


ri82 
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AgkI  oxainle  of  oaphth/l- 


^-    CO    +     CO'  + 


(     H- 


fC*'*H'  fCHO 

-  2H»0  +  CO  +  2C0»  +    nJ    H        +      nIC'^H^ 
I    H  I    H 

Njiphlbjrl-  NaphthrU 

AtuJDe.  rornuiaiide. 

The  acid  salt  is  the  more  advaaU^eoiis  of  the  two  for  the  preparation  of  naphthjU  | 
formamidei  aa  it  yields  thia  prodQCt  m  larger  proportion.  It  melts  at  about  200°  C 1 
gttiiig  off  carbonic  oxide  and  carbonic  anhydride^  tcigethcr  with  a  large  quantity  a^l 
water,  and  leiiTes  a  residue  amounting  to  two-thirds  of  the  salt,  iirhich  aolidifieB  in  i^ 
mdio-crystalUne  miiss  on  cooHng.  Hot  alcohol  dissolves  out  the  uiipbtbjIfOTiDajnidf^i 
leaving  thci  diuaphthyloxamide,  and  on  eooling  d^poaita  it  in  long  white  needlaa.  Th«  1 
compound  is  Tciy  soluble  in  water,  turns  red  when  exposed  to  diiuip  air,  melta  at  102**  CI 
and  distils  without  decomposition.  By  the  action  of  acid«  or  alkalis  at  tha  boiling  beat, 
it  is  easily  resolved  into  naphthylamine  and  formic  acid. 

fCHO 

»henylformaaitd«.   Formanilide.   C'H'NO  =  nJ  Cm  (Oerhardt,  J.Flufm. 

i  H 
[3]  ix.  409  ;  Trait i,  L  237) — Prepared  bj  beatiiig  oxalate  of  phenylamine,  the  decora- 
petition  being  precisel^"^  analogous  to  that  of  oxalate  of  imphtbylamincu  The  re^sidue 
la  exhausted  with  cold  aJcohol;  the  solution  heated  till  the  ijroater  part  of  the  alcohol 
is  driven  off,  then  l>oiled  with  wat^^^r,  and  the  solution  filtered  to  separate  a  small 
quantity  of  red  or  brown  matter.  The  filtrale,  if  further  evaporated  by  heat,  d^^osits 
the  phenyl-formamide  in  oily  drops  which  do  not  solidify  ;  but  if  the  heating  be  di*- 
cantinued  aa  soon  as  the  oily  drops  begin  to  sepamte,  and  the  solution  then  left  ta  ! 
imiporate  spontanoouHly,  the  amide  isgmdually  deposited  in  very  flattened,  acuminata 
rectangular  prisms,  usually  rexy  long  iind  interlaced. 

Pbenylfonnamide  i»  moderately  soluble  in  cold,  more  freely  in  hot  water,  still  more 
in  alcohol ;  the  aqueona  solution  is  slightly  bitter  and  neutral  to  teat  paper*  In  Iba 
dry  state  it  melts  at  46"^  C,  and  may  then  be  cooled  several  degrees  below  thia 
tt'Oiperature  without  sotidifvingp  but  if  n^ituted  with  a  glass  rod,  it  solidi^es  immedi- 
ately. Under  water  it  mclu  more  easily  and  remains  liquid  after  oooUujg.  It  like- 
wise retains  its  fluidity  after  being  distiE^ed.  It  begins  to  give  off  vapoun,  even  at 
the  heat  of  the  water-bath.  Acids  and  alkalis  decompose  it  slowly  in  th«  oold,  more 
quickly  at  the  boiling  heat,  into  formic  aoid  and  phenylamine»  When  heat*d  with 
strong  sidpkuric  acid,  it  gives  off  carbonic  oxido  without  blackening,  and  is  0OB?«rted 
into  pbenyl-sttlphuric  acici 

70BaLAJrZ£ZIIB.    See  the  last  article. 

The  name  giron  by  Cloez  to  the  first  of  the  thre©  bases 
liv  the  action   ot  ammonia  on  di bromide   of  ethylene.      (See 


which    he    obtained 

ETH\XRNTJ-BAaE.H,   li. 

ItOMWSmvn^,  TKl Ji XTRiLTIi D.     Syn.  with  NiTnoFOiiM  {q,  v,) 

ro&MXG   iLCni.       Cn*0»    =  ^'^h[*^*      Addum  farmiettm^      A7tmsen$9Ur€, 

(Gtd.  vii.  268;  Gerh.  i.  255;  Handw,  d.  Chem.  2  Aufl,  i.  668,)— Thia  acad^  which  ia 
the  first  terra  of  the  adipic  series  C*H*"0',  derives  its  name  from  the  ant  {formica\ 
&om  which  it  wa«  flrst  obtained     The  acid  nature  of  these  insecta  baa  long  been 
known.     Bamuel  Fischer  first  subjec'ted  them  to  distillation,  and  obtained  &n  «4iid  I 
liquid  ;  Marggraf,  Arvidson  and  Oehm,  Hermbstadt,  and  Riditer  examined  the   acid 
more  minutely.    Fourcroy  and  Vauquolin  pronounced  it  to  he  a  mixture  of  acetle  \ 
and  malic  adds,  a  statement  which  was  aJfYer^vards  ctjuipletcly  refuted  by  Siiansen  and 
Gehlen*     Beraelius,  Gobel,  Diibereiner,  Liebjg,  and  I'elouze  exaniinod  the  most  im-  > 
portaut.  rehitious  of  formic  add.     Its  formation  from  inorganic  znateriala  waa  fixB^i^ 
effiHcted  hy  Berthelot, 

Occurrencf, — L  In  the  ani trial  kinffdr/m.     In  ants,  pspecially  the  red  ant  (^onmeMtl 
rufa\  these  insects  projecting  it  from  their  bodies  as  a  defence  a^inat  tbotr  enemiesL  " 
According  to  Fr.  Will  (JaliieHber.  ti  Chem,  1847-8,  p.  546),  the  corrosive  subatance 
in  Citterpillars,  especially  in  Bomhfis  pmcrssianta^  likcwitie  coup'ists  of  formic  acid.      It 
exists  in  tlie  free  concent  rakd  state  in  all  part*  of  the  caterpiltar,  but  especiallv  in  the  , 
faces,  in  the  yellowish  grt»en  juice  which  exudes  on  making  jtn  incision  into  the   in-J 
eect^  and  lastly,  in  I  he  hollow^  \-vvy  brittle  hairs.      The  acid  occurs  «bo  in   ftevcml* 
fiecretions  of  the  human  Iwdy,  viz.  in  the  blood,   in  the  urine  iCampbell,    Cbr^. 
Chw.  ISuS,  p.  310),  m  Ihe  lluid  of  the  s;)lecD,  in  I  lie  flesh  juiee  (Schcercr,  Ami,  Ch! 
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Pbarm.  Ixix.  106),  and  in  the  perspiration  (Scholtin,  Jahresber.  d*  Chem.  1852, 
p»  7(H).  Small  quantitiea  of  it  hare  b&on  fbtmd  in  guano  (Lucius^  Ann.  Ch.  Pharm. 
ciii.  10&). 

2.  In  the  xrgtiahlt  kingdom^  partly  perhaps  as  a  prodnet  of  decompoAition.  It  ia 
found  in  oomincrdial  oil  of  torpentine,  wh^nt-e  it  may  b^  extracted  by  agitation  with 
water  (Wiggers,  Ann.  Ch.  Phann.  xxxiv.  2^5) ;  being  donbtUofl  formed  bj  oxidation 
in  the  air ;  it  imparts  an  acid  reaction  to  the  oil,  and  p>tisse8  OTcr  as  an  aqueous  acid 
when  the  oil  is  distillpd  with  water  (Weppen,  hAuil  Ch»  Phamt.  xli.  294).  WLen 
oQ  of  turpentine  ia  kept  in  leaden  Teasels,  crystals  of  fartnato  of  lead  are  fiometimf*a 
produced  (Laurent^  J.  ^r.  Chem.  xiTii.  316).  Fr.  Miillcr  (Arch.  Pbarm.  [21  149) 
Htat6B|  though  not  positiTelj,  that  ibmuc  acid  is  Bomctimes  produced  in  a  eimilar 
maimer  &om  oil  of  lemons.  It  occurs  in  the  needles  of  Pinus  Abi^,  somewhat  more 
abimdantly  in  those  which  fall  ofr»  than  in  those  which  ar«  dried  while  fresh  and 
green  (Aacboff,  N.  Bn  AicL  xL  274),  being  probably  formed  themn  by  oxidation 
of  oil  of  turpentine.  In  pine-needles,  which  had  been  used  for  litter,  ana  had  stood 
for  6eyeral  months  made  up  into  a  heap  and  exposed  to  the  air,  the  add  was  formed 
so  abundantly  that  on  opening  the  hoop  a  very  sour  smell  of  ants  was  emitted 
(Kedtenbacher,  Ann.  Ck  Pharm.  xlvii.  148).  The  juice  of  houseleek  {Sempmwum 
Uct&nim\  when  distilled,  j-ields  an  acid  which  reduces  the  noble  metals  like  formic 
add,  but  forms  with  raercurous  nitrate  a  white  precipitate*  from  which  the  metal  is 
sot  reduced  till  the  mixt\ire  is  heated  (Dobereiner,  Sehw.  J,  Ixiii.  36S).  According 
to  Gopup-Besanez  (Ann.  Ch*  Pharm.  liix,  369)»  the  ftnit  of  the  soap- tree  (.Sfl/^iwrfw* 
§apoHaria)  distilled  with  water  and  sulphuric  acid  yields  a  distillate  containing  formic 
and  butyric  acids.  Tamarinds  flimilarly  treated  yield  formic  and  acetic  acids,  and 
emit  an  odour  of  butyric  acid.  Oomp-Besanex  considers  it  not  improbable  that  thej^ 
acids  may  be  formed  by  oxidation  from  the  tartaric  acid  originally  contained  in  the 
frnits.  Formio  acid  is  also  found  in  the  juioe  of  the  stinging  nettlo.  (Q-oriip- 
BesancE,  Ann.  Ch.  Pharm.  liii.  2ti7.) 

3.  In  minerai  vfaterg.'-*ln  the  water  of  Priazhofen,  near  Straubing  (Pettenkofor, 
Ka^tn.  Arch.  vii.  104) ;  in  that  of  Briickenau,  txigether  with  acetic,  propionic,  and  butyric 
acids,  the  formic  acid  constituting  So  per  ecDt  of  the  entire  amount  of  volatile  fiitty 
acids(8chceror,  Ann,  Ch.  Phorm.  xcix,  257),  and  in  the  deposit  from  the  wateia  of 
Marienbod.    (Lehmann.) 

Ffyrmation. — a.  From  Inorganic  materials, — 1,  By  the  fiction  of  earbonic  oxide  at  a 
high  temperature  on  moist  hydrate  of  potassium,  the  bcKlies  simply  uniting  and  yield- 
ing formate  of  potassium  (Berth clot,  Ann.  Ch.  Pharm.  xcviL  126): 

CO  +  KHO  -  CHKC 

Th*  abiofrption  of  the  gae  and  production  of  formic  acid  take  place  more  quickly 
when  a  eonsiderable  quantity  of  water  is  present,  than  when  the  potash  is  merely 
moistftned ;  alcohol  and  wood-spirit  accelerate  it  still  further,  and  ether  moat  of  all ; 
glycerin,  on  account  of  its  viscidity,  has  but  little  clfiH^t»  and  acetic  ether  none  at  all ;  in 
short,  the  effect  of  any  liquid  in  accelerating  the  action  appears  to  be  proportional  to  its 
power  of  dissolving  the  carbonic  oxide.  Simihir  rt^euits  are  obtained  when  caustic  eoiin, 
baryta,  or  lime  is  used  in  place  of  potash.  (Bert  helot.  Ann.  Ch.  Phys.  [3]  ixi.  463.) 
2.  Potassium  spread  on  the  innt^r  surface  of  a  vessel  iilled  with  carlKJoie  anhydride^ 
and  etanding  over  lukewarm  w«ter,  in  converted  in  24  hours  into  a  mixture  of  for- 
mate and  acid  carbonate  of  potassium  (Kolbe  and  B*  Schmidt^  Ann.  Ok  Pbum. 
cxix.  251): 

K»  +  2C0»  +  H*0  -  CHK:0»  +  CHKO». 

L  From  Organic  matariaU,  chiefly  by  oxidation,  formic  acid  being,  with  the  excep- 
tion of  oxalic  add  and  carbonic  anhydridep  the  most  highly  oxidised  of  all  carbon- 
compounds, 

1.  In  the  oxidation  of  wood-spirit  by  the  air  in  presence  of  platinum,  or  by  nitric 
acid  (Dumas  and  Feligot). — 2.  By  heating  wood-spirit  with  a  mixture  of  lime  and 
hydrate  of  potassium  (Dumas  and  St  as). — 3.  In  the  decomposition  of  chloroform, 
liomoforra,  or  iodoform,  by  pot^ish. — 4.  In  the  decomposition  of  hydrocyanic  acid  by 
potash,  or  by  the  stronger  mineral  acida  (Pelou»e,  Ann.  Ch.  Phys*  xlviii,  396; 
Qeiger,  Ann.  Ch.  Pimrm.  i.  ■44).— 6.  In  the  decomposition  of  oxalic  acid  by  beat 
(Qay-Lussae,  Ann.  Ch.  Phys.  xlvi.  218).  When  the  oxalic  acid ib  heated  alone,  the 
qoantity  of  formic  acid  obtained  is  very  small,  but  it  is  greatly  increased  by  distilling 
the  oxalic  acid  with  glyc«rin  or  mannite  (Bert  he  lot,  p.  684).— 6.  By  the  combus- 
thn  of  alcohol  or  elhcr  in  the  glow  lamp  (A.  Connell,  Phil.  Mag.  [3]  xi.  612). — 

7,  In  the  preparation  of  iodoform  from  aleohol,  iodine,  and  p<:»tassittm  (Bou  chardat).— 

8,  By  the  action  of  the  air  on  an  alcoholic  solution  of  potash  (A.  Connell,  N.  Ed. 
Phil,  J.  xiv.  231).— 9.  By  leating  alcohol  with  nitric  acid  (GHuitjir  do  Clanbry, 
J.  Pharm.  xxv.  764;  Dalpiax,  J.  Pharm.  [3]  v.  239>— lu.  In  the  decoropowllon  of 
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chloral  or  bromal  by  aqueooB  potash  (Liobigj).^!!.  By  boilitg  chloracetic  add  wit&j 
eicoss  of  potash  (Durua«)» — 12.   By  heating  g^e latin  with   aqueoTis   chromic   i 
(Schlieper,  Ann.  Ch*  Phtirco,  Hx.  1).— 13.  By  exposing  oil  of  turpendno  to  the 
or  heatiag  it  with  aqueons  chromic  acid  (Weppen,  Ann.  Ch.  Pharm,  xlL  294). — 
14,  By  distilling  aqueotw  tartaric  acid  with  peroxide  of  manganese  (Dobereioer. 
Gilb.  Ann,  lixi  107). — 16.  By  distilling  the  following  iubfltauce^  witJi  pctroxide  o|^ 
mtingRne«fi  and  dilute  Bolphuric  acid:  tartaric  add  or  cane-sugar  (DobereiDer,  Ann;^ 
Cb-  Phiirm.  lii.  144) ;  starch  (Wohler,  Fogg,  Ann.  xv;  ao?) ;  mudc  acid,  tnilk-snga^ 
fitjwch,  woody  fibn?,  marsh-mallow  root,  fibrin  (C.  G.  Qmelin^tbid.  xn.  65)  ;  aleoho 
(C.  a.  Gmelin  ;  CoDDell,  N.  Ed,  PbiL  J.  xir.  240  ;  L.  Gmelin,  Pogg.  Ann.  X3m« 
508);  suhpric  acid  (Bra tide 8,  N.  Br,  Arch.  xxi.  319)  $  glucoBe,  which  likewise  yield 
formic  acid  when  tivated  with  Btilphurie  acid  and    dirDmic  acid  or  ferric  oixidd 
(Hqq  ef  eld,  J,  pr,  Cbem,  vii.  44) ; — albumin,  fibrin,  casdn,  and  gelatin,  which  J 

yield  formic  add  with  acid  chromatc  of  potassium  and  sulphuric  add ;  in  both  c „ 

Kmnic  acid  is  aocompiiiiied  by  other  acids  of  the  series  C'H'*0',  and  a  variety  of  othe 
pfodiicta(Quckelberger,  Ann.  Ch,  Pharm.  bdr.  39;  Jahresbcr.  1847-8,  pp.  847-8£4}kl 
When  soma  of  theee  compouuda^ — starch,  for  example — are  thns  treated,  there  is  gives 
gS!,  together  with  the  formic  add,  a  strong  emeUing  rolatilfl  oil  (fiirfurol),  whidi,  if  l' 
distillate  he  Batnrat'ed  with  a  fixed  alkali,  imparts  a  vellow  colour  to  the  liquid,  but  pas. 
oflp  or  ia  decomposed  when  the  solution  ia  eTaporate^.    In  this  impure  distillate,  and  i 
another  obtained  from  starch,  oxide  of  maaganese,  and  hydrochloric  adiX  T  a  n  o  er  man  ii  ] 
(Fogg.  Ann.  xv.  307)  thought  that  be  had  dlsooyered  two  peculiar  acids,  to  which  h^^l 
gave  the  names  of  pt/rofftmtc  and  amy^enic  adda.     When  alcohol  is  treated  with  val^ 
phiiric  acid  and  oxide  of  manganese,  no  oil  like  furfbrol  paases  over^  but  a 
quantity  of  acetic  add.^lS.  Sugar,  starch,  gtim^  woody  fibre,  cereal  grains,  and  otl 
organic  finbstances,  yield  much  more  formic  acid  when  distilled  with  strong  iralpliUTis' 
acid,  or  a  mixture  of  that  substance  with  an  equal  bulk  of  water,  than  wbeii  tR«led 
with  sulphuric  acid  and  peroxide  of  manganese:  for  the  latter  coqtctIi  a  ooonde^ 
able  quantity  of  the  formic  acid  into  carbonic  add  and  water.     Before  carboniaation,  a 
Tolatile  oil  pa9»e5  over ;  but  as  soon  85  carbonisation  takes  place,  the  distillate  consisU 
of  colourless  formic  acid.     Phosphoric  acid,  stannic  chloride,  and  other  dehydrating 
substances,  act  like  sulphuric  acid  (Emmet,  Sill.  Am.  J.  xxxii.   140;  also  J.  p^ 
Chem.  xii.  120}.    These  st^itements  have  been  Tcrifled  by  Erdmann  (J.  pr.  Chera. 
xiL  124)  and  8tenhouse  (PhiJ.  Mag.  [3]  xriii.  122;  also  Ann.  Ch.  Phann.  xxxt. 
301).— 17.  A  solution  of  tartaric  acid  containing  a  little  sulpburiie  add  heated  with  per*  1 
manganate  of  potassium  yields  formic  and  carbonic  acids,  C*H*0"  +  0*»2CH*0*+  2C0* 
+  H'O ;  hut  if  the  solution  iis  nt^utralised  by  an  alkali,  the  whole  of  the  formic  acid 

is  oxidised  to  carbonic  acid  (P6an  do  St.  Gilles,  Ann.  Ch.  Phys.  [3]  Iv.  374) 

18.  When  lins&ed-oii  is  heated  with  sulphuric  add,  a  large  quantity  of  formic  acid  passes 
orer,  together  with  sulphurous  acid  (Sacc,  Ann.  Ch.  Pharm,  li.  214).^19.  Sugar, 
starch,  cotton,  &c.,  treated  with  chloride  of  lime  containing  free  lime,  yield  formate  of 
calcium;  if  no  fre«  Hme  bo  pr<*sent^  carbonic  acid  is  produced  inat*ad  of  formic  acid  :  on 
A  solution  of  sugar  the  action  is  ve^  violent.     Chloride  of  lime  containing  free  lima 
fonna,  with  a  solution  of  gelatin,  formate  of  calcium  and  ammonia  (Bastick,  Ph&rm.  J.  j 
Tnins.  vii.  467  i  Jalireaber.  d.  Chem.  1847-8,  381).— 20,  By  treatinff  crude  oil  of  aww  ] 
foctida  with  caustic  soda,  acetic  add  bein^  likewise  formed,  and  sulpnnretted  hydrogra  ! 
given  off.     The  g;nmmy  portion  of  asafbetida*  when  subjected  to  dry  distillation,  yicii^i 
formic  acid,  with  a  small  quantity  of  acetic  add. — 21.  Oil  of  mustwd  and  oil  of  garlie  j 
treated  with  nitric  acid  j'ield  formic  acid,  together  with  oxalic  (Hlasiweta,  J.  pr.j 
Chem.  li.  366),— 22.  An  aqueous  solution  of  acetone  containing  sulphuric  acid  yietdfl|J] 
by  electrolysis,  atretic  and  formic  aciile,  together  with  oxygen,  hydrogen,  and  carboniAi 
anhydride.    The  formic  ac^id  is,  perhaps,  produced  by  the  oxidation  of  the  methyl  ooa- 
taincd  in  the  acetone  (i.  26).     (Friedel,  Ann.  Ch,  Pharm.  cxii.  376.) 

Pormic  acid  has  been  found  among  the  products  of  the  destructive  distilhitiofti  of 
peat.     {Sullivan,  Atlantis,  i.  186;  JTahrosber,  d,  Chc«i.  1868,  p.  28f».) 

By  distilling  aloes  with  very  dilute  sulphuric  acid,  Ed.  Simon  (N.  Br.  Ai>d),  xxix. 
186)  obtained  a  distillate  which  reduced  silver-salts  like  formic  acid ;  bat  yieldedL 
crystals  with  oxide  of  lead  different  from  those  of  formate  of  lead.     In  the  weath^rti^ 
of  brown  cool  containing  iron  pyrites,  a  strong  odour  of  farmic  acid  is  often  erolvai 
(Anthon,  R4?pt*rt.  Ixxxviii,  105).      When  4  at,  of  iron-filings  ore  distilled  with  l^  at( 
tartaric  acid  (C*H*0*),  the  water  in  the  recdver  at^uires  an  odour  of  ants,  and  1' " 
pronerty  of  reducing  metallic  oxides  (Art  us,  J.  pr.  Chem.  xii.  251).    According  to 
Go  Del  (N.  Tr.  x-  1,  34),  formic  add  is  produced  in  the  dry  distillation  of  argoL     This, 
however,  has  not  been  sati-ifactorily  proved. 

Klinger  (Ann.  Ch.  Fhurm.  cvi,  lli)  f^und  sm;tU  quantities  of  formic  and  propionic 
acids,  together  with  large  quantities  of  ftc*»tic  aud  butyric  acids,  in  the  products  of  the 
fermentation  of  diabetic  urine ;  other  ob8er\*ers,  however,  lifive  found  only  acetic  and 
hntpic  ftcidik    (Jahresber.  1868,  p.  671.) 
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Accortling  to  Gputher  (Ann,  Ch.  Phurm.  cix-  73)  and  LiebpTi  (ihid,  cxli.  326), 
formic  acid  u  produced  liy  tJie  action  of  carbonic  oxide  on  ctliylatp  of  aodium. 
Lie  ben,  however,  and  Wanklyn  (Pliil  Mug.  [4]  atviii,  3t»l)  attribute  tiiis  retJult  to 
the  preacnc©  of  hjdmte  of  sodium  in  the  etliylate  (p.  682). 

Preparation. — a.  0/ihe  aqueous  add, — L  From  AnU. — ^Red  ant*  preyionfily  Tuaabed, 
or  their  c'xppeaaed  Juice*,  are  distilled;  tbo  diatilJato  is  asturatr^d  with  potaah,  soda, 
oxide  of  lead^  or  oxide  oif  copper  \  the  aolntion  evaporated,  whereujKin  tbe  volatile  oil 
of  ants  pflBses  off  together  with  the  water;  and  the  residue,  or  the  formate  puriBed  bj 
recry^italli&ation,  is  diBtiUed  witb  dilute  tulplmric  add. 

The  very  dilute  acid  tlius  obtained  is  8aturat«d  witli  carbonate  of  potaaalnm 
(Bichter,  Suersen),  sodiutn  (Lfjwitz,  Gehlen),  or  copper  (Gehlen);  and  the 
dried  residue,  or,  when  oxide  of  copper  ia  used,  the  cryetals  purified  by  repeated  cjya- 
tftUiiatioD  are  di^lilled  with  oil  of  vitriol  (Riebt«r»  Gehlen),  or  with  a  mixture  of 
t  pt.  oil  of  vitritil  and  J  water  (Siiersen),  or  with  pulvpmed  add  cmJphate  of  potaa- 
aium  (Lowitst).  If  tho  quantity  of  water  present  is  too  small,  a  large  proportion  of 
the  fiiniiic  acid  is  decompoBcd ;  hence  Btrong  siiilphuric  acid  cannot  be  used  for  the 
diatillatioD.  Any  sulphuroua  acid  thnt  may  bo  present  is  removed  by  coDtinued 
digestioD  with  red  lead  ;  ako  hydrochloric  acid  (proceeding  firom  the  carbonate  of  po- 
tasfdum)  by  red  lead,  or  better  by  oxide  of  eilver.     (Gobel.) 

The  refttdue  left  in  the  prcparatitjn  of  t^i^  of  ants  (a  pharmaceutical  product  obtained 
by  distilling  2  pt«.  of  red  ants  with  4  pts.  rcctiiied  spirit  of  60  per  cent.,  and  an  equal 
qaantity  of  water)  contains  a  considerable  quantity  of  formic  acid^  and  may  be  ii»e<l 
for  itfl  preparation.  The  reiiidue  ia  pressed ;  the  expreased  liquid  left  to  itself  for  a 
while;  the  fatty  oil  which  collectf;  on  the  surface  removed;  the  subjacent  liquid 
neutralised  with  an  alkali,  f51tered  and  evaporated ;  and  the  residual  salt  mixed  with 
half  its  weight  of  Btrong  sulphuric  add  diluted  with  au  equnl  quantity  of  water,  and 
distilled  till  the  liquid  begins  to  pass  over  turbid.  This  firet  distillate  consists  of 
tolerably  pure  formic  add.  The  turbid  liquid  which  follows  still  contains  formic  acid  ; 
it  may  be  neutralised  with  carbonate  of  barium^  and  used  for  the  preparation  of  puro 
buytac  fiunnate,     (Handw.  2**  Atifl.  i.  688.) 

2.  Frvm  Tartaric  acid, — 10  pts.  of  tort^c  acid  are  mixed  with  14  pts.  of  oxide  of 
manganese  and  Irom  30  to  45  pts.  of  water,  and  distilled  in  a  capadous  retort. 
(Dwbereiner,) 

3,  Frtrm  Su^ar  or  Siarch  with  Peroxide  of  Mangantae  and  Sulpkurie  acid, — et  A 
solution  of  1  pt  sugar  in  2  pts.  wat4jr  is  heated  to  CtiP  C*  with  2}  or  3  ptSL  of  finely 
pounded  manganese  in  a  copper  a  till,  which,  as  the  liquid  is  very  apt  to  froth  up, 
must  have  at  least  16  times  the  bulk  of  tho  mixtnro;  a  third  part  of  a  mixture  of 
3  pts.  oil  of  vitriol  and  3  pts,  water  is  tben  gradually  added,  whereupon  carbonic  acid 
gas  loaded  with  vapimr  of  formic  acid  imnii^diately  escapes  with  violence*  The  head 
and  condensing  tube  must  now  be  quickly  pat  on,  and  when  the  inolent  action  has 
subsided,  the  other  two-thirds  of  the  dilute  sulphuric  acid  added,  the  mixture  being 
stirred  all  the  while ;  after  which  the  liquid  is  gradually  distiUed  almost  to  drTnesa. 
The  distillate,  which  is  trunsjiarent  and  colourless,  and  still  contains  volatile  oil 
(fuffurol),  is  saturated  witli  chalk  (the  diaLillate  from  100  pts.  of  sugar  saturatea  from 
31  to  38  pts,  of  chalk);  and  the  filtrate  evu|xirated  to  the  cnratalliaing  point;  or,  if  it 
be  desired  to  obtain  tlie  acid»  the  distillate  is  saturated  with  carbonate  of  sodium, 
evaporated,  and  7  pts.  of  the  dry  residue  distilled  with  a  mixture  of  70  pts.  oil  of 
vitnol  and  4  pts,  water  (Dobereiner,  Ann.  Ch.  Pharm.  iii.  144).  This  process  is  a 
vety  good  one ;  but  the  formic  acid  which  it  yields  is  slightly  contaminated  with  acctio 
acid.  To  remove  this  impurity,  the  distillate  should  be  saturated^  while  yet  warm, 
not  with  carbonate  of  sodium,  but  with  carbonate  of  lead,  and  the  solution  evap«>nited 
to  the  crystallising  point;  the  more  soluble  acetate  of  lead  remains  principally  in  tho 
mother-liquor ;  and  the  formate  of  lead  thus  obtained  must  be  distilled  with  a  mixture 
of  equal  |>arts  of  oQ  of  vitriol  and  water. 

3.  1  pt,  of  starch  is  mixed  with  4  pts.  of  finely  pounded  manganese  and  4  pts.  of 
water  in  a  copper  still;  4  pt«.  of  oil  of  Titriol  added  by  snuill  portions,  and  with  coo- 
Btant  stirring;  the  vessel  heated  by  a  slow  fire  till  tlw  contents  begin  to  froth  up;  the 
head  and  condensiQg  tube  then  put  on,  and  the  distillation  continueil  till  4  J  pts.  of 
the  liquid  have  passed  over.  This  liquid  b«s  a  density  of  1  025  at  10^  C,  aud  satu- 
rates 10'6  per  cent,  of  diy  carbonate  of  sodium.  If  the  distillation  is  performed  in  a 
retort  instead  of  a  still,  it  is  necessary,  in  order  to  f>rt^vent  frothing  over,  to  take  ouly 
37  pts.  of  manganese,  3  water,  aud  3  oil  of  vitriol  to  1  pt  of  ytarch  ;  the  retort  most 
have  10  times  the  bulk  of  the  mixture.  The  product  thus  obtained  amounts  to  3*36  pis* 
of  a  distillate  of  specific  gravity  r042,  which  neutralises  16  per  cent,  of  dry  carbonate 
of  sodium.  The  distillate  obtained  either  from  the  retort  or  from  the  still  is  clouded 
by  a  white  substance;  and  if  the  dint  illation  has  been  carried  too  far,  the  liquid  also 
contains  sulphurous  acid.  It  must  therefore  be  neutrulised  with  carbonate  of  cal- 
dum ;  milk  of  limo  added  in  excess  to  convert  the  soluble  acid  sulphite  of  caldum  into 
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the  nenhral  iti*obible  BulpWte :  the  filtriite  pvapomtcd  to  drynf»efi ;  mh!  10  pts,  of  cbc  r^ 
suiting  formate  of  calemni  tlisrilltjd^  eith*ir  witU  8  pta»  oil  of  vitriol  jmd  4  water,  whereby 
9  pt8*  of  formic  acid  are  obtainetli  having  a  density  of  1'076,  or  with  8  pt«.  oil  of  rifrial 
and  14  water,  by  which  a  highly  eoocGntrat^d  add  is  obtaiJied.  The  atrong«)St  acid  that 
cao be  prepured  in  this  manner  ia obtained  by  diatilHng  IB  pis.  of  finely  pOQuded  formate 
of  lead  wi  til  6  pta,  oil  of  vitriol  and  1  pt»  water  in  a  chloride  of  calcium  bath.  Thodistiilat* 
has  a  density  of  1110  at  10^  (Liebig).  Cloez  ([3]  J.  Phann,  iv.  306)  miiea  500  grm, 
of  starch  with  2000  pin.  of  miingan(?6e;  places  the  mixture  in  a  still  having  a  capacity 
of  25  or  30  litres ;  adds  1  litre  of  water,  then  a  mixture  of  2  kilommmes  of  oil  of  vitriol 
with  *2  litres  of  water,  stirring  the  mixture  well ;  and  distils,  adding  hot  w»t«r  in  pro- 
portion as  the  liquid  poshes  over;  from  12  to  15  litres  of  a  stronfrly  acid  liquid  nuiy  b« 
thus  obtained  over^  contAimug  about  412  grammes  of  formic  acid  (CH'O-). 

4.  From  Sugar^  Starchy  m"  IVood^  Jibrr,  with  Sniphuric  add. — One  meaaure  of  oil  of 
vitriol,  1  measure  of  wat-er,  and  1  measur*  of  rye,  wheat,  oats,  or  ooaroely  bruised  nuuie, 
&r6  heated  together  in  a  glass  retort  till  the  liquid  boils ;  one  meaimre  of  wat«r  is  added! 
AS  soon  as  the  mass  becomt^  thoroughly  black ;  the  liquid  distilled  till  one  naeasore  of 
distillate  has  passed  over ;  another  measure  of  water  added  to  the  residue ;  and  the 
distillation  repeated  with  a  fresh  receiver.  The  first  distillate  consists  of  strong  fbrmic 
acid,  generally  free  from  sulphurous  acid ;  the  second  is  very  dQitte  and  often  contains 
sulphurous  acid ;  thia  impurity  may  be  removed  by  agit^iting  the  cold  liquid  for  & 
short  time  with  peroxide  of  lead.  The  organic  matter  niKd  in  this  process^  being  of  a 
granuhir  naturei,  does  not  swell  up  so  much :  bonce  the  vessels  used  need  not  be  so 
large  u  those  required  in  the  prc?ceding  processes  (Emmet,  Sill.  Am.  J.  xxxiL  143). 
Carbonisation  takes  place  before  boiling,  so  that  thers  is  no  occasion  to  wait  till  the 
liquid  boils.  The  addition  of  water  causes  the  hot  mass  to  froth  over:  hence  it  is 
necessary  to  lot  the  mixture  cool  before  adding  freah  water.  In  all  (^see  frothing  and 
boding  over  are  very  likely  to  bo  produced  by  a  slight  rise  of  temperature  :  hence  the 
retort  should  hold  at  least  five  times  as  much  as  the  volume  of  the  mixture*  The 
distillate  is  free  from  acetic  acid,  hut  contains  furfurol,  which  may  be  remored  by 
ethcp  (Erdmann,  X  pr,  Chem.  xii.  VIA).  S  ten  house  (Phil.  Mag.  [3]  xviii.  122) 
proceeds  in  the  Hume  manner  as  Emmet  for  the  preparation  of  forfurol  and  furmic 
acid,  excepting  thut  he  uses  wheat- flour,  »aw*du§t,  or  chaflfl  InBtead  of  grain. 

fl.  From  L^xaUc  acid, — An  intimate  mixture  of  oxulic  acid  and  vcrr  fine  sand 
is  distilled  in  a  gloss  retort^  Had  the  distiUate  freed  from  oxalic  acid  by  frequent  rec- 
tification. This  process  yields  very  pure  formic  acid  in  a  highly  concentrated  state. 
(Gerhardt,  Ann.  Ch.  Pliys.  [3]  vii.  130.) 

A  mnch  latter  product  mny  be  obtained  by  distilling  the  oxalic  acid  with  glycerin. 
Oxalic  acid,  CH-O*  contains  the  elements  of  csirbonic  anhydride,  CO*t  and  formic  xcid, 
CH*0^  and  is  actually  resolved  into  these  compounds  by  heat;  but  when  it  is  hentiKl 
alouo,  or  eveu  with  sand,  the  temperature  rises  so  high  that  the  gwiler  par*  of  the 
formic  add  is  further  resolved  into  carbonic  oxide,  CO,  and  water  H'O;  but  the 
addition  of  glycerin,  which  tskes  no  part  in  the  decomposition,  enables  it  to  take  place 
At  ti  lower  temperature,  and  the  whole  of  the  fonnic  acid  is  then  obtained.  When 
equal  weights  01  commercial  oxalic  acid  and  syrupy  glycerin  (a  kilogramme  of  encK) 
and  firom  100  to  200  grammes  of  water^  are  gently  hcatLd  (scarcely  above  100°  C.)  in 
ii  capacious  retort,  a  brisk  evolution  of  carbomo  anhydride  soon  begins^  and  after  12  to 
15  hours,  thy  whole  of  the  oxalic  acid  is  decomposed  without  any  evolution  of  carbonie 
oxide.  A  small  quantity  of  the  resulting  formic  acid  distils  over  with  the  water;  but 
the  latter  portion  remains  in  the  retort  together  with  the  glycerin,  and  may  be  sepct* 
rated  by  distilling  the  residue  with  half  a  litre  of  watt^'r,  renewing  the  water  as  it 
distils,  till  6  or  7  litres  of  liquid  have  passed  over.  The  glycerin  which  remains  may- 
be used  for  the  convewion  of  fresh  quantities  of  oxalic  acid.  Tlie  deootrnposition 
must  be  conducted  slowly,  as,  if  too  much  heat  is  applied,  the  t^jmnerature  rises  fo  be- 
tween 190^  and  *200°  and  carbonic  oxide  ig  evolved*  (Bert helot,  Ann.  CL  Pl^ys, 
[3]  xlvi,  477.)    This  is  the  best  of  all  methods  of  preparing  formic  acid. 

d.  Frtpnt-atimi  of  the  pure  concentrated  aeid^  CH'Ol^ — 1.  Pulverised  formate  of 
lead  dried  by  heat  is  intro^luced  into  a  long  glass  tubfl,  from  4  to  fl  lines  in  width,  one 
end  of  which  is  drawn  out  into  a  nurrow  ruck,  turned  downwards  and  inserted  into  a 
small  receiver ;  sulphuretted  hydrogen  drif^d  by  chloride  of  calcium  is  pstssed  inU^  the 
tube  at  the  other  end,  till  the  kad-eaJt  ia  completely  decomposed ;  a  gentle  best 
applied  to  drive  the  formic  adid  into  the  receiver .  ftnd  the  acid  repeatedly  boiled  to 
free  it  from  sulphuretted  hydrogen.  If  the  tube  bo  too  strongly  heated^  the  acid 
liecomcB  contaminated  with  def^smpoaition-producta  containing  sulphur  (Liebis). — 
Bineau  (Compt,  rend.  xii.  769)  passes  dr>*  carbunic  anhydride  through  the  distillstA 
to  drive  off  the  sulphuretted  hydrogftj,  and  rectifies  it,  rejecting  the  first  portion,  whicli 
still  snu41a  of  Ftuljihurttted  hydroj^en. 

2.  By  mixing  8  at.  of  a  dry  formate,  tke  bariura-siilt  int  example,  with$  At*  wmter, 


FORMIC  ACID.  687 

gradually  adding  3  at  chloride  of  sulphur,  C1»S,  distilling  between  110^  and  122°  C, 
and  rectifying  the  distillate  over  a  small  quantity  of  formate  of  lead: 

8CHBaO«  +   3C1»S  -  4CHW  +   4C0   +  6l}aCl  +   Ba«SO<   +  S«. 

(Heintz,  Fogg.  Ann.  xcviiL  468.) 

Properties. — The  most  concentrated  acid  solidifies  at  —  1^  C.  in  shining  litminn*^ 
which  melt  at  + 1°,  At  ordinal^  temperatures  it  forms  a  thin,  transparent,  and 
colourless  liquid,  of  specific  gravity  1*23^3,  which  boils  at  98*5^  (bar.  27"  lO*^) 
(Liebig).— According  to  Kopp  (Jahresber.  1847-8,  p.  68),  the  specific gpravity  is  1*2227 
at  0^,  and  the  boiling  point  106*3  (bar.  760  mm.) ;  according  to  Person  (Jahresber. 
1847-8,  p.  91),  the  acid  boils  at  100^;  according  to  Boscoe  (Chem.  Soc  J.  zv.  271), 
at  101*1^  under  a  pressure  of  768  mm.  of  mercury.  The  vapour-density,  between  the 
temperatures  111^  and  118^,  varies  from  2*126  to  2*14  (Bineau,  Compt  rend.  zix. 
769 ;  also  Pogg.  Ixv.  424 ;  Compt.  rend,  zxiii.  416).  The  strongest  acid  nimes  slightly 
in  the  air,  has  a  pungent  sour  taste,  and  is  so  corrosive  that  a  single  drop  placed  upon 
a  soft  part  of  the  skin  produces  intolerable  pain,  causing  the  part  to  swell  and  turn 
white,  afterwards  drawing  the  skin  together  and  producing  a  painful  ulcer  (Liebig). 
The  dilute  ju:id  has  a  peculiar  pungent  and  sour  smell,  and  a  purely  acid  taste. 

Formic  acid  mixes  with  water  in  all  proportions,  with  diminution  of  specific  gravity 
and  without  rise  of  temperature.  According  to  Liebig,  an  aqueous  acid  containing 
1  at.  water  (CH*0».H»0),  and  boiling  at  the  fixed  temperature  of  106^  C,  is  obtained 
by  distilling  18  pts.  formate  of  lead  with  6  pts.  oil  of  vitriol  and  1  pt.  water.  Ac- 
cording to  Koscoe  (Chem.  Soc  J.  xv.  271),  formic  acid  (like  all  other  acids)  possesses 
no  hy<&ate  of  constant  boiling  point  at  all  pressures ;  but  an^  number  of  mixtures  of 
formic  acid  and  water  can  be  made,  each  of  which,  when  distilled  under  a  given  pres- 
sure, will  undergo  no  change  in  composition,  and  therefore  will  boil  at  a  fixed  point, 
but  will  undergo  decomposition  when  boiled  under  any  other  pressure.  Under 
the  ordinary  atmospheric  pressure  (760  mm.),  a  liquid  containing  77*6  pts.  acid  to 
22*6  pts.  water  unaergoes  no  change  by  distillation,  boiling  at  the  temperature  of 
107*1^  C. ;  and  all  mixtures  containing  more  acid  or  more  water  than  this  Quantity, 
when  distilled  under  the  above  conditions,  ultimately  attain  this  same  fixed  boiling 
point  and  constant  composition.  When  distilled  under  a  higher  pressure,  however, 
this  aqueous  acid  undergoes  a  change  of  composition.  Under  a  pressure  of  1*83  met, 
of  mercury,  the  residuiu.  liquid  attains  a  composition  of  83*2  per  cent  real  acid  and 
boils  unchanged  at  134*6°  C.  Under  a  pressure  of  1*36  met.  of  mercury,  the  aqueous 
acid  boils  constantly  at  124*1^  C,  and  attains  the  strength  corresponding  to  80  per 
cent  of  real  acid. 

Formic  acid  dissolves  in  all  proportions  in  alcohol^  being  partly  converted  into  for- 
mate of  ethyL 

Decompositiovs. — 1.  The  vapour  of  the  boiling  concentrated  acid  may  be  set  on  fire 
in  the  air ^  and  bums  with  a  dull  blue  flame  (Liebig).  Platinum-biaclc,  repeatedly 
moistened  in  the  air  with  aqueous  formic  acid,  causes  slow  combustion  of  tne  acio, 
accompanied  by  evolution  of  heat  and  a  hissing  noise,  the  products  of  the  combustion 
being  carbonic  acid/md  water.  If  the  platinum-black  has  been  previously  charged  with 
oxygen  by  exposure  to  the  air,  it  will  oxidise  small  quantities  of  the  acid,  even  out  of 
contact  of  air.  Spongy  platinum,  slightly  moistened  in  the  air  with  formic  acid  con- 
taining not  more  than  1^  at.  water,  becomes  almost  instantly  red-hot,  producing 
water  and  carbonic  acid  (Dob  ere  in  er).  2.  Chlorine  decomposes  the  acid  and  ita 
salts  completely,*  converting  them  after  a  while  into  carbonic  and  hydrochloric  acids. 
(Cloez,  Ann.  Ch.  Phys.  [3]  xvii.  297) : 

CHK)«   +   a«  -  C0»  +   2HC1. 

3.  Nitric  acid  decomposes  formic  acid.     (Arvidson.) 

4.  Aqueous  iodic  or  periodic  acid  acts  violently  on  formic  acid  at  a  boiling  heat, 
evolving  carbonic  anhydride  and  iodine  ^Benckiser,  Ann.  Ch.  Pharm.  xvii.  268).  At 
a  temperature  near  100°  C.  aqueous  iodic  acid  completely  converts  formic  acid,  in  the 
course  of  twenty  minutes,  into  water  and  carbonic  anhydride ;  but  a  trace  of  hydrocyanic 
acid  prevents  the  decomposition,  even  at  a  boiling  heat  (Mill on,  Compt  rend.  xix. 
271.) 

6.  Strong  sulphuric  acid^  at  a  gentle  heat,  decomposes  formic  acid  and  its  salts,  con- 
verting them  into  water  and  carbonic  oxide,  with  strong  efifervescence,  but  without 
blackening:  CH«0»  «  H»0  +  CO.     (Dobereiner.) 

6.  Formic  acid  reduces  the  oxides  of  the  noble  metals^  yielding  water  and  carbonic 
anhydride.  It  reduces  mercuric  oxide  with  effervescence  when  heated.  From  mercu- 
rous  or  mercuric  nitrate,  it  throws  down  metallic  mercury  at  a  boiling  hent ;  boiled 
Avith  a  solution  of  mercuric  chloride,  it  throws  down  calomel  (Gobel,  Dober- 
einer).    A    hot  aqueous  solution  of   mercuric  chloride  mixed    with    formate    rf 
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potassium  or  Bodlum,  and  kept  for  (tw^o  or  f  hr^  hours  at  a  temperature  between  70* 
and  80^  C,  deposits  all  the  mercury  in  the  form  of  ealorael ;  but  if  kept  conata&tlj  at 
a  boilmg  beat,  it  yMds  the  mercmy  in  the  metallic  i^taio  (Bonsdorff,  Pogg.  Ann. 
zxziii.  73).  This  redfuang  action  i»,  however,  prevented  by  the  presence  of  chloride  of 
potaasium^  6odiam,  or  ammonium,  uud  even  by  adding  acetic  aeid  to  the  Bolntion  of 
mefemdc  chloride  (H.  Roae,  Pogg.  Ann.  evi.  60O),  SilTcr-ojcide  and  those  of  it* 
salts  which  are  soluble  in  water  are  reduced  by  forniic  acid  with  the  aid  of  heat ;  tha 
Balta  are  more  quickly  reduced  by  formate  of  sodinm  (Gobol,  Dobereiner), 
SoJationa  of  gold*  platinum,  and  palladium  ane  not  reduced  by  continued  boiling  with 
&ee  formic  acid,  because  tho  acid  gradually  Tolatiiiaee ;  but  they  are  completely 
reduced  by  formate  of  sodium,  which  io  Bome  case^  throws  down  spang) ea,  in  otbem, 
aa  with  platinum,  precipitates  a  Ntick  possessing  great  power  of  inducing  combustion 
(Gohel).  The  aqueoufi  acid  converts  platinons  oxide  and  platinate  of  aodium  into 
platinum-bliiek,  with  brisk  evolution  of  carbonic  acid  (Dobereiner,  Pogg.  xxriiL 
180 ;  Schw.  livL  289).  At  a  boiling  heat,  it  reduces  protochloride  of  platinum  to  the 
metallie  state.     (B  e  r  £  e  1  i  u  a,  Pogg.  xxxvi.  8. ) 

7.  Peroridea  with  dilute  eulphnric  acid  convert  formic  acid  into  carbonic  anhydride 
and  water.     (L i  e b  i  g, ) 

8.  Formate  of  potiisaiiim,  moderately  haated  with  ezcesa  of  ktfdraU  ofpeiaMtimm^ 
gives  off"  hydrogen,  and  is  converted  into  oxalate,  2CHK0'  »  C*K'0*  +  H*,  (Peli- 
got,  Ann.  Ch,  Phys.  Ixxiii.  220;  Dura  as  and  Stas»  ibid,  Ixxiii.  123.) 

Fonuatea. — The  affinity  of  formic  add  for  bases  is,  according  to  Arridaon,  greater 
than  that  of  ttcetic  acid.  It  is  monobaaic,  the  general  formula  of  its  salts  being 
CH5I0%  There  are,  however,  a  few  double  and  acid  formates  prodaeed  by  the  tmion 
of  two  metallic  formates  or  of  a  metallic  formate  with  formic  acid,  analogous  in  fact 
to  the  double  chlorides,  acid  acetate  of  potassium,  &c,  not  to  the  double  ealta  of 
dibasic  acids.  They  are  obtained  by  dissolving  the  bases  or  their  carbonates  in  the 
aqueous  add,  and  evaporating.  The  formates  of  tho  fixed  alkali  ^metals  ignited  out  of 
contact  of  air,  leave  alkaline  carbonates  slightly  blackened  by  charooolj  a  combustible 
gaa,  probably  carbonic  oxide  and  hydrogen,  being  also  evolved: 
2CHK0*  «  K«CO»  +   CO   +   H», 

Formate  of  barium  yielda  the  products  just  mentioned^ together  with  gaseoua  hydro- 
carbons, lia.  marsh'gas,  ethylene,  and  tritylene,  (BertheIot^,  Ann.  Oh.  Phys.  [3] 
liil  09 ;  Jahresber.  d.  Chem.  1868,  p.  216.) 

The  formates  of  uranium,  bismuth,  Eiao,  cadmium,  lead,  cobalt,  nickel,  and  copper, 
when  heMtKi  to  rcdnefls,  leave  a  regulus  of  metal,  which  at  a  stronger  heat  a.^^urafs 
the  metallie  lustre  (Gobel).  In  these  decompositions,  water,  carboiiic  anhy*drido, 
And  carbonic  oxide  are  doubtless  evolved : 

2CHM0'  =  H«0   +   CO    +   C0»  +  UK 
^Sulphuric  acid  heated  with  the  formatea  decomposes  them,  forming  a  sulphate,  y 
and  carbonic  oxide  gas,  which  escapes : 

CHKO*   +   H-SO*  ^  KHSQ*   -i-    CO   +   H=0. 
Platinum -black,  moistened  with  the  solution  of  an  alkaline  formate,  con^^erta  it  into 
carbonate   (DoberBiner,   Ann,   Ch.   Pharm.  »▼.   14).      The  aqueous  solutions  of 
forma ti?s,  heated  with  solutions  of  the  noble  metak,  e.g.  mercury  and  silver,  in  acids, 
reduce  the  metals,  with  evolution  of  carbonic  anhydride. 

AU  formates  are  soluble  in  water :  their  aqueous  solutions  form  dark  red  mixtiirM 
with  ferric  salts. 

Formate  of  Aluminium  maybe  obtained  by  precipitating  formate  of  barium 
with  sulphate  of  aluminium  in  equivalent  proportion,  and  evaporating  the  filtratp.  It 
dTstallises  with  difBculty  (Liebig),  It  tastes  Bwet4  and  rough;  reddens  litmus 
slightly;  becomes  moist  in  the  air;  forms  a  clear  solution  in  cold  water ;  dissolves 
likewise  in  hot  water,  but  with  instant  precipitation  of  all  the  alumina  (O obeli  The 
solution  of  the  pure  »alt  does  not  become  turbid  when  heated ;  but  if  sulphate  of  potas- 
sium is  present,  it  forms  a  precipitate  which  redissolves  as  tho  liquid  cools,   (Liebig*) 

Formate  &f  Ammonium,  CH(NH*)0^  forma  mono<:linic  crystals,  exhibiting  the 
combiuation  wPoo  .  oP  .  -^  Poo  .  +  P  .  [Poo  ].  Eatio  of  axes,  a:  b:  c^  0*884  :  1 
:  1-260,  Angle  of  iu^lined  axes  =  87°  28';  »Pa5  :  +  P«  «  140^38';  oP :  [P»] 
—  124^^  54'.  Cleavage  paralKl  to  oP  (Grrailieh  and  Lang,  Wien.  Akad.  Bcr,  xxriL 
178).  It  has  a  fresh  pungtnt  flavour,  and  is  not  poisonous  (Pelouxel  Wlit*n 
suddenly  heated  in  a  retort^  it  is  resolved  into  water  and  hydrocyiuiic  acid  f Dober- 
einer, Repcrt.  XV.  426): 

CH(KH*)0*  -  CNII    +   2H»0. 
When  gradually  heated  it  fusca  at  120=*  C.  without  giving  off"  water,  bat  erdTMi  \ 
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_^,_„^ naet.  a   sull  pxtxB    cc2t    T^tfiTiiHg   ^adeeniciMWA 

(Pelcuc  Axr.  Ch,  f^?^  xEii  999 :  &jk>  Ass.  F&jzb.  a.  STV  T:»  saIv  i^  Mcmt- 
f*^*^^  rrmrufCft.  Tht  mil  SKiS  le  bMa«l  al  tbe  c»x««i  eal  of «  VsS  ixSf.  asii  '^ir 
xmpomr  f  ^wr^  cvet  a  net  of  t^  tsibie  kc^  at  a  atrc^tr  b«ftX  ;L:eb:Ck  1^ 
aqpecQf  irt^Tira-g  exposed  t»  Itt^  is  a  fSj;c«««d  hx£>  for  ^^jilf  a  rrar  de«a&^  a  lae^ 
q«BthT  cf  fak-f*  sad  tin'iiMi'i  alkila»  ^&orst,  Br.  AicSl  it.  l^T  v     TW  Skh  i^ 


F^rmmtt  <f  AmjL    See  Fa 

FormmU  «/  BMriuwu  CHBaO*.— OretJHacs  in  s&iau«  tzsDapocBt  tboHibie 
IKHMs;   «  :  & :  r  «  O-T^M  :  1  :  OSfrft^L     ladxnatica  of  sP~ 
:  oBp.  IB  tbe  saoodijigaBil  finrit^I  SMCko  »  73^  ^:   of  #ic.  4^. 

im :  ^x  ia  tbe  baoa!  frinfxpal  eeedoD  »  97^  30'.  Ordinarr 
CTibntttMffi  aeP  .  Px  (.%L  494;  -Km'j  KrysC^yrmpki^ 
PL  265);  ako  vis&  ti&e  Cmcs  ^x,  2Px,  and  sPx.  bkxv 
eu«1t  oc^x  •He«f  1  «z.  Pogg.  Abb.  iTTriii  37\  The  czrstals 
aie  perBa&fcS  ia  tbe  aiz;  bmw  a  bitter  taste;  dissolve  in  4 
pta.  ci  aid  vater,  b«t  are  iiMc^nUe  ia  alfiobol  and  in  ether. 
The  salt  dwcmpnaw  viicB  heated,  emittiBg  the  odoar  of  Imnit 
mgaz. 

F^rmmtt  p/Bitmntk. — Sofaihle  in  wmter;  OTStalline  on 
eraposatian. 

Formmtt  o/BmtyL^See  Fobsoc  'Etwebs. 

Formate  of  CMdmimwi,  CHCdO»  +  HH>.— Cir^talliaes 
incabesand  rbombie  dodeeaheditmi  (Gobel);  in  monodiiue 
prisms  iaomoiplioaB  with  the  sine-aah  (Hen see rV  a  :  6  :  c«» 
0-7646  :  1 :  (^924.  Angieof  indined  axes  =  82^  SST;  »P  :  «P 
in  the  oithodiegonal  princqial  section  »  lO^*'  30';  oP  :  aaP  »  SS^  43*;  -i-SPx  :  the 
principal  axis  «  29°  65'.  The  crjvtals  have  the  faces  acP  and  oP  pfedominant  or 
ther  form  short  prisms  vith  the  £Mes  -i-P,  •»-2Px,  —P.  and  acPx;  or  ther  ai« 
tabular  from  predominanoe  of  oP,  with  — P  and  <(•  2Px ,  which  latter  often  {««domi- 
nates  to  the  obliteration  of  obPx  {Kopp*s  KryttcUograpkie^  p.  310).  The  salt  has  a 
sweetish,  but  somewhat  metallic  taste,  and  dissolTes  easilj  in  water.  The  crrstals 
when  heated  gire  off  their  water  with  difScnltj,  and  undergo  sudden  decomposition  at 
a  higher  temperature. 

FcrrtuUeof  Cadmium  and  Bariuwk,  CBaCdO'. — Crystallises  in  rhombic  prisms,  whose 
predominant  Daces  are  acP,  ocPx ,  and  Px .  Inclination  of  odP  :  acP  in  the  macro- 
diagonal  principal  section  »  84°  10';  Px  :  Px  orer  the  principal  axis  »  118'^  50*. 
(Handl,  Wien.  Akad.  Ber.  xxxiL  252^ 

Formate  of  Calcium,  CHCaO*.  —  Obtained  by  spontaneous  eraporation  in 
rhombic  crystals,  exhibiting  the  &ces  P,  ool^  ooPx ,  <xPx .  2P.  Ratio  of  axes 
a.b'.e^  0^5988  :  1  :  046713.  P  :  P  in  the  terminal  edges  -  136°  36*  and 
121°  46';  0Dp2  :  ooft  in  the  brachydiagonal  principal  section  =»  67°  (Heusser, 
Pogg.  Ann.  IxTxin,  37).  Usually,  howerer,  it  separates  in  crystalline  crusts  made  up 
of  small  shining  six-sided  crystals.  It  has  a  sharp  saline  taste,  dissolres  in  8  to  10 
pts.  of  cold  water,  scarcely  more  in  warm  water,  insoluble  in  alcoboL 

Oobel  obtained  a  salt  containing  crystallisation-water,  which  crystallised  in  octahe* 
drons  and  dodecahedrons,  but  gare  up  its  water  with  efSoreecence,  eren  at  common 
temperatures. 

Formate  of  Cerium,  CHCeO*.— Formed  by  precinitating  a  hot  concentrated 
solution  of  cerous  chloride  with  formate  of  sodium,  and  separates  on  cooling  as  a 
£iintly  rose-coloured  granulo-crystalline  powder.  It  is  Tery  sparingly  soluble.  It 
contains  water  of  crystallisation,  which,  howeyer,  it  gives  off  completely  at  120°  C. 
(Liebig).  According  to  B«cinger,  it  still  retains  J  at,  water  at  260°.  At  200°  it 
intumesces  without  melting,  gives  off  carbonic  anhydride  and  hydrocarbons,  and  is 
couTerted,  without  blackening  into  cerous  carbonate,  which  when  more  stron^y  heated 
leaves  ceroso-ceric  oxide.    (Liebig.) 

Chromic  Formate  is  a  green  soluble  salt. 

Formate  of  Cobalt  forms  rose-red  indistinct  crystals,  sparingly  soluble  in  water, 
insoluble  in  alcohol ;  when  heated,  they  give  off  water  and  turn  blue. 

Formate  of  Copper,   CHCuO*  +  2H'0. — Crystallises  in  monodinic  prisms  or 

tables,    a.h:  c  »  0*983  :  1  :  0*766.    Angle  of  indined  axes  »  79°  20'.    Inclination 

of  ooP  :  ooP  in  the  dinodiagonal  prindpal  section  =  90°;  of  +P  :  +P  in  the  same 

-  112°  18';  of  oP  :  ooP  «  82°  SO*.     Ordinaiy  combination  ooP  .  oP  .  +P  (fig*  496; 
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?Y/7.  495. 


rWi  KrystaUogta'phif,  p.  310).  According  to  Heasser,  whosa  mcasoremente  afrec 
Tery  nearlj  with  those  of  Kopp,  the  ciystald  likewia©  exhibit  the  faces  —  P  ud 
[  ocPso  j,  asd  often  fomi  twiBA,  with  the  face  of  comhi- 
njition  parallel  to  oP.  CleaTOge  paralkl  to  oP,  The 
crjistals  are  tnmapar^nt  and  of  a  pale  blue  or  greeniBb 
yellow  colour.  Specific  gravity  ISl.  Soluble  with 
bluci  colour  in  7  or  8  pt&  water^  and  in  400  ptA.  alcohol 
of  80  por  cent.  Thej  effloresce  id  warm  air,  and  when 
hciifed  give  oflF  inflaminaljle  products  which  bum  with 
a  pneen  flame.  The  salt  when  subjected  to  dry  distill* 
atioD,  leATea  metallic  copper,  and  giyea  off  a  mixture 
of  carboDic  oxide,  carbonic  anhydride,  and  hydiogen 
gafM»s. 

ForfiuUe  of  Copper  and  Hydrogen  ;  Acid  FormaU  of 
Copper,  CHCuO-.CHH)'  +  IH'O. ^Separate*,  togvtlwT 
with  formate  of  copper  and  Btrontium,  from  a  fitron^y 
acid  fiolutLon  of  2  at.  fonnute  of  etrontium  and  1  at. 
formate  of  copper,  in  monoelinic  crystals,  which,  according  to  ZepharoTieb,  exlubit  the 
combination  oP.  h-  2Poo  .  ooP,  ooPoo  .  —P.  +P.  Ratio  of  axes  «  :  6  :  c*=  1  :  1'3238: 
1^766.  Angle  of  inclined  axe8-82<*  31'.  Inclination  of  <icP  :  oePoo  =  127*=*  16*;  ♦  P : 
+  P  =  940  i8*j  —  F:  — P  =  100°  44',  both  in  the  clinodiagonal  terminal  edg*; 
oP:  +2P»  -  114*=  21*,  Cleavage  parallel  to  ooPoo .  (K.  t.  Haner,  Wien.  Aiad 
Ber.  xliiL  [2]  548.) 

Formates  of  Copprr  and  Barium, — Hensser  obtained  two  of  these  salta  fiwn  mixrd 
solutions  of  the  eimple  BaltA^  viz.  bluish  green  crystals  having  the  compocition 
CH(Ba;  Cu)0*  +  2H^0  ;  that  ia  to  say,  formate  of  copper  in  which  part  of  the  ooppef 
is  isomorphously  replaced  by  barium ;  and  tight  blue  ciystala,  whose  compocitioii  he 
popresenta  by  the  formula  CHCnO*. 2HK)  +  2CHBaO*.  Both  aw  iaomorphons  with 
neutral  formate  of  copper. 

Formate  0/  Ciypptr  and  Sirontiuni,  (CHCnO«,2H*0)  +  2(CHSrO».HK)).— Ob- 
tained like  the  cupro^barytic  salt.  According  to  Heu*»)cri  it  is  likewise  isomorphous 
with  neutral  formate  of  copper ;  but  according  to  Zcpharovicb  (Wien.  Akad.  Ber. 
xliii.  [2]  545),  it  does  not  even  crystallise  in  the  same  gystem,  the  qryatalfl  being  not 
mono-  but  tri-clinic,  and  exhibiting  the  combination  oP  .  mPoo  ,  odFqo  ,  odP/.  t»;P  , 
^00  .  ij  P'<»  .  't'oo  .  j^vo  .  ^P  .  |P^.  Ratio  of  brachy diagonal  a^  macrodiagonal  A»  and 
principal  axis  e  =  07436  :  1  :  10103.  Anglo  b  :  e  in  the  left  upper  octant  = 
104*'  43';  a:c  ~  95°  52';  aib  ^  88°  18'.  Inclination  of  oP  :  af  oo  =  104°  38'; 
qP  :  Qo^oo  -  96°  37';  «!*«  :  oof«  =  89*=*  47';  ocfao  :  oo^T  -=  142°  SI*,-  aefoo: 
F^oo  —  127°  59*.  CleaTagc  perfect  parallel  to  o&tooj  less  perfect  parallel  to  oaPm, 
Formate  of  EtAyl.--^Sf^  Fobjoc  Ethbhs. 

Formates  of  Iron. — The  ferrous  salt  is  obtained  by  dissolving  ferrons  hydrate  in 
fbi*mie  aoidt  or  more  easily  by  decomposing  the  barium- salt  with  ferrous  sulphate. 
Tho  colourless  soludon  when  evaporated  in  an  open  vessel  deposits  a  basic  ferrie 
salt 

Neutral  ferric  forviai4>^  C'H'(Fe')'"0*  or  CjSfeO^  is  obtained  by  digesting  moist 
ferric  hydrate?  for  fiCTcnd  diiyB  in  aqueous  formic  acid,  evaporating  the  red-brown  icid 
solution  at  about  70°  C,  and  drying  the  residue  at  40°.  It  is  a  Ught,  loosely  cohere&t 
powder,  of  the  colour  of  levigated  litharge,  easily  soluble  in  water,  having  an  astna* 
gent  taMte,  ond  acid  reaction  ;  it  does  not  reduce  nitmte  of  silver  even  at  the  boiling 
heat     (Ludwig,  Arch.  Phanu.  [2]  cviL  1.) 

Dobereiner  obtained  a  biwic  ferric  formate,  probably  3Fe*0*.CH'(Fc*)"*0*|  by 
boiling  the  solution  of  a  ferrous  salt  with  formate  of  sodium. 

Formate  of  Lead,  CHPbO^  forms  anhydrous  shining  rhombic  crystals  isomor- 
phouR  tvith  the  barium-salt  (Heusser),  having  a  sweet,  metallic,  astringent  taste,  hka 
that  of  the  acetate,  soluble  in  30  to  40  pts.  of  water,  bat  insoluble  in  alcohol;  this  last 
character  afiTordi  a  means  of  separating  formate  of  lead  &om  the  acetate.  Specific 
gravity  4'5fl  (Bottger  and  Giesecke^  Jahresber.  d.  Chem.  1860,  p.  17).  It  decom- 
poses when  heated,  giTing  off  a  watery  liquid  having  a  dissgreeable  odour,  but  no  acid 
reaction.  Ool)«l  obtained  a  formate  of  lead  containing  |  at  water  (2CHPbO*  +  HK)), 
which  it  gave  off  at  100°  C. 

Formmitrate  of  Lead,  3CHPbO'-PbNO»  +  H'O.— Obtained  by  dissolving  formate 
of  lead  in  a  hot  nearly  saturate^!  solution  of  the  nitrate,  and  cooling  slowly,  in  Isige 
rhombic  crystals,  pernuinf^nl  in  the  air,  and  sparingly  soluble  in  cold  water.  (Liiciu% 
Ann.  CL  Pharm.  ciii.  113.) 

Fo  r  mat  f  of  Lithium,  CHTJO'.— Rhombic  crystals,  ha  ving^the&ee«  o&P  .  «f «o  . 
F,  Poo  ,  aPoD.     Indiiiation  of  coP  :  ooP  =  113°  62';  Pat3  :  P«  over  the  prindpil 
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Formate  of  Magnesium,  CHMgO*  -f  H*0,— Crystilliftec  in  miefoacopic  rhombie 
priflras  and  octal]  edrons,  efflore^Dg  in  the  tlft  soliible  in  13  pts.  vater,  initolublo  ia 
alcohol  jvnd  ether  j  g:iTefi  off  its  water  at  100*^  C»  (Sonchay  and  Groll,  J*  pr.  Chein. 
IxxTi,  470.) 

Formate  of  Manganese^  CMMnO'  +  H'O. — Heildiah  monoclinic  jjrysfaJs,  ifo- 
morphoiu  irith  the  followisg  aalt,  and  lixhibitlng  the  earao  faces.  Soluble  iu  15  pta, 
eoid  water,  inaoluble  in  alcohol  When  heated,  thej  give  off  water  and  cnunble  to  a 
white  powder. 

FormaU  of  Mmffanese  and  BaHum^  GH(Mn ;  Br)0"  +  H'O.— This  Bait,  which 
has  the  compoiition  of  the  preceding  with  on  indefinite  portion  of  the  manganese 
replaced  bj  barium,  CfyBtalliaes,  on  evaporating  the  mixed  aolutiona  of  its  component 
Baits,  in  moDodinic  cryatala  exhibiting  the  combination  ccP  ,  oP .  ooPoo  .  [  ocPoo  ]  . 
-^  P  .  — P  .  +  2Pao .  Ratio  of  axes  a  :  b  .  c  «  0  7698  :  I  :  09 1 76.  Angle  b.c^ 
82^28';  wP :  oeP  in  the  orthodiagonal  principal  section  ^  105**  4';  oP  :  -f  P  = 
120*=  20';  oP:  wP  =-  94*='  33';  oP  ;  +  2Pao  «112^  39';  +P:  +P=*93^  11*;  -P  :  -P 
—  109^  39*.     Cleavage  distinct  parallel  to  odP,.    (Hensscr,  Pogg.  Ann*  Ixxxiii,  37.) 

Formates  of  Mtrcur^.—l.  Menmrovs  Fbrtnate.  CHHg*0^  or  CHHhgOl*— 
When  merciuic  oxide  is  dissulved  in  cold  aqaeous  formic  acid,  contaitiing  10  per  cent,  of 
the  acid  (CH'O*),  and  a  gentle  heat  applied,  the  solution  suddenly  solidifies,  with  intu- 
mescence and  escape  of  carbonic  anhydride,  yielding  a  micaceous  mass  ;  this  effect  is 
due  to  the  separation  of  the  mercurous  salt  formed  by  the  action  of  the  formic  acid  on 
the  mercuric  oside*  At  firsts  a  oolution  of  mercuric  formate  is  produced,  but  on  the 
ap'pli cation  of  heat,  4  at.  of  this  sail  are  resolTed  into  %  at  mercurous  formate,  1  at 
tree  formic  acid,  and  1  at  carbonic  anhydride  : 

4CHHgO'  ^  2ClLHg^*  +  CHK)^  +  C0». 

As  formic  acid  is  set  free  in  this  process,  the  liquid  separated  IVom  the  crystals  of  the 
mercurous  salt  may  be  again  saturated  in  the  cold  with  mercuric  oxide,  and  then,  if 
gently  heated,  it  will  peld  another  crop  of  crystals  of  the  roercurous  salt  If  the  mer- 
curic solution  be  too  strongly  heated,  the  crystals  turn  grey  from  admixture  of  mercuiy, 
and  if  a  still  strooger  heat  be  applied,  nothing  bat  metallic  mercury  is  precipitated. 
The  crji»tals  must  be  dried  between  bibulous  paper  at  a  temperature  between  30^ 
and  40*^  C.  Th«^y  are  delicate  microscopic  four  and  8ix-8ide<i  tables,  anow-whit4) 
with  a  pearly  lustre,  and  greasy  t-o  the  touch  ;  their  taste  is  saline  at  first  but  after- 
wards metaJlic  and  aatringent  They  blafken  when  exposed  to  light  especially  if 
moistf  and  likawiae,  though  more  slowly,  in  the  dark.  They  are  decompo5ied  by 
pressore,  or  by  a  heat  of  100°  into  mercury,  carbonic  anhydride,  and  formic  acid : 

2CHH^^  ^  Hg'  ^  CH'O*  +  C0». 
When  heated  in  a  spoon,  they  are  suddenly  decompoeed,  with  a  hissing  noiae,  and 
leave  metallic  mercury.  Their  aqueous  solution,  when  continiaously  heated,  g:ives  off 
carbonic  anhydride,  and  deposits  all  the  mercuij  in  the  metallic  state,  the  liquid 
being  converted  into  a  solution  of  pure  formic  acid  (as  shown  by  the  preceding  equa- 
tion). The  crystals  diasolve  in  620  pts,  of  water  at  17°  C. ;  more  abundantly,  but  with 
incipient  decomposition,  in  wami  water;  and  are  insoluble  in  alcohol  and  ether, 
(Gobel  N.  Tr.  vi  1, 190;  Liebig,  Pogg.  Ann.  iii.  207.) 

2.  Mercuric  Formate.— Ihe  solution  of  mercuric  oxide  in  cold  dilute  formic  acid  yields, 
with  potash,  a  precipitate  which  is  yellow  at  first,  and  with  ammonia  a  white  precipi- 
tate ;  but  even  if  kepit  cold,  it  likewise,  after  a  few  minutes^  deposits  crystals  of  the 
mercurous  salt  (Gobel).  The  finely  {mlyeriaed  oxide  dissolves  in  the  cold  conet'U- 
trated  acid,  forming  a  sympy  solution,  which,  if  left  in  vacuo  over  oil  of  vitriol, 
dries  up  to  a  white  crystallo-grauular  mass,  soluble  in  water.  This  mass  is  likewise 
coQverted,  by  the  slightest  rise  of  temperature,  into  white,  acicular  mercnrous  formate, 
carbonic  anhydride  being  at  the  same  time  evolved  and  formic  add  set  free.  (Ltebig.) 

Formate  of  M^thyK—Bv^  FoEinc  Ernsits, 

Formate  of  Nick f  I  crystallises  in  hydrated  green  needles  grouped  in  tufbi;  they 
are  very  solnble  in  water,  and  tnm  yellow  in  drying. 

Formates  of  Potataium. — 1.  The  neutral  mlt^  CHKO*,  ciyHtjillises  with  diffi- 
culty in  white  transparent  cubct,  having  a  saline  bitter  taste.  They  are  anhydrous, 
deliquescent  and  very  soluble  in  water.  They  decrepitate  when  heated,  and  at  a 
higher  temperature  melt  to  a  liquid  which  solidifiea  on  coaling. 

2»  Acid  safL-^A  solution  of  neutral  formate  of  potassium  in  hot  concentrated 
formic  acid,  yiehK  according  to  Hineao  {Ann.  Ch.  Phys.  [3]  xix.  291,  and  xxi.  183), 
cryitalline  nccdlea  as  it  coob*    Tho  mother-liquor  evaporated  in  vacuo  over  anlphurio 

•  11^^ ion;  Hiigssm. 
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acid  and  canstic  potwh  yielded  a  crystallioo  bmbs,  part  of  which  w*»  left  in  tueno^  «a 
long  as  it  emitted  any  onioar  of  fonnic  acid  ;  nnother  portion  was  disaolved  in  aloobul 
and  eTfijtorat'ed  to  dryneaa  in  Tacno.  These  three  preparationii  contained  formic  add 
and  potash  in  tlie  proportion  indicated  by  the  formuXiif  CILKO*.CHK>*,  but  the  first 
also  contained  2*6  per  ceoU  of  water,  the  second  7*6,  and  the  third  110  per  c<>nL 
The  salt  has  a  strongly  acid  tast^,  and  is  highly  dehquescent.  By  soIotioQ  in  a  huge 
qnantity  of  water  and  evaporation,  it  is,  for  the  most  part,  oonrerted  into  the  neutnl 
salt.     When  kept  for  some  time  in  yacuo,  it  gives  off  part  of  ita  acid. 

For  matt  of  Silver^  CHAgO^.- — Oxide  of  silrcr  is  instantly  reduced  by  heated 
fonnic  acid,  but  the  cold  acid  dissolves  it  without  decomposition ;  by  eraporatiag  the 
solution,  the  salt  is  deposited  in  transparent  rhombohcdral  crystals.  It  llli^wiae 
BepHrat<?«,  on  mixing  moderately  strong  solutions  of  nitrate  of  silver  and  formate  of 
sodium,  in  «tmail  Hhining  white  ciyst&lflp  which  under  the  microscope  exhibit  the  ibrm 
of  four  or  six-^sided  platea,  Erom  rery  strong  solutions  the  salt  separates  as  a  cuidy 
precipitate. 

Formats  of  silver  quickly  turns  black  eren  in  the  dark,  especially  if  moiift  "When 
heated  it  is  immediately  resolved  into  carbonic  anhydride,  metallic  silver,  and  formic 
acid.     Potash  decomposes  it  imin  ediat  e  ly ,  with  evolution  of  beat.     ( L  i  e  b  i  g. ) 

Formate*  of  Sodium. — 1,  The  anht/droug  neutral  salt,  CHNaO',  crystallise*  in 
rhombic  prisms  with  bevelled  lateral  faces,  which  melt  at  200**  C,  are  moderately 
soluble  in  waler*  less  in  alcohol,  insoluble  in  ether  (Sonchay  and  GroU,  J.  pr.  Chem. 
laxvi.  4H)),  A  hydrated  salt,  CHNaO'  +  H*0,  was  obtained  by  Gobel,  and  likewise 
by  Bouchay  and  Groll,  in  rhombic  tables  with  bevelled  kterul  faces,  or  flat  four-sided 
prinms,  melting  in  their  water  of  crystalliBation^  then  giving  it  off  with  strong  intn- 
mesoeDce,  and  afterwards  soHdif^nng  to  a  pearly  anhydrous  mass.  These  hydrated 
cxyBtals  are  deliquescent  and  soluble  in  2  pts.  water,  Focmate  ot  soditim  does  not 
yi**ld  any  acid  distillate  when  strongly  heated. 

Tha  solution  of  this  salt  is  used  by  Dobereiner  to  precipitate  mercury,  silrer,  gold, 
palladiuin,  and  platinum  from  their  solations  in  the  metallic  state,  and  thus  to  sefttrats 
them  from  other  metals.  The  diy  salt  may  be  used  as  a  reducing  agent  in  bkywpips 
experiments. 

2.  The  acid  ioH^  obtained  by  dissolving  the  neutral  salt  in  strong  aqu^oos  formic 
add,  and  evaporating  in  vacuo,  forms  ill-defined  eiysLils,  containing  add  and  base  in 
the  proportion  repn^ented  by  the  formula  CHNaO*.CH^O*;  they  also  contain  7  per 
cent,  of  water.  The  ppopertiea  of  this  salt  are  similar  to  those  of  the  comespofnding 
potafi&inm-salt«     (B  i  u  e  a  ix, ) 

Formate  of  Strontium,  CHSrO'  +  HK>.— The  statements  of  different  ob- 
servers respecting  the  crystalline  form  of  this  salt  do  not  quite  agree.  According  to 
Kopp  (Kn/HnIfiH;raphit\  p.  164),  it  forms  ciystals  belonging  to  the  dimctric  or  quad- 
ratic system,  for  which  c  =  1*177 ;  P  :  P  in  the  terminal  edges  »  105^  23'i  in  the 
lateral  edges  =  118^  30' ;  Poo  :  Pao  in  the  terminal  edges  =  98°  48'*,  in  the  lateral 
edges  133^  68'.  Ordiuaiy  combination  P  ,  oP  with  2Poc  subordinate ;  or  P  witli  Poo , 
which  then  occim  hemihedrully,  and  often  as  the  dominant  form.  According  to 
Henaser,  on  the  other  hand,  the  salt  crystallises  in  transparent  six-sided  prisms  be- 
longing to  the  trimetric  or  rhombic  systemi  with  the  &oes  ooP  ,  f^oo ,  ccPoo ,  -,    and 

2}'*2  ♦  P     . 

-g-^  the  two  hemihedral  forms  oecurring  on  opposite  sides  of  the  crystal  (  +    «  ^^ 

2^2  P  2P2 

—  —^ ,  and  —  ;j-  with  -I-  —t—\  but    not   being  invariably  attached  t-o  either  side. 

A  2i  tb 

Patio  of  axes  axh-ic^  0'6O761  :  1  :  0*594  94. ♦  Inclination  of  odP  :  odP  =  I170  2^^; 
oD  :  Poo  over  the  principal  axis  =  118**  30'.  According  to  Pasteur  (Ann.  Ch. 
Phya.  [3]  xxxi.  67),  thia  salt,  though  it  exhibits  noa-superpoaible  hemihedral  forms 
(which  mity  be  distinguished  as  rhjht  and  l*:ft\  differs  from  other  eslts  which  exhibit 
this  peculiarity  (the  dcxtro-  and  la?vo-tartrates  for  example)  in  two  respects:  first,  its 
solution  does  not  defiect  the  plane  of  polarisation  of  a  ray  of  light ;  and  i^ccondly,  on  re- 
crystallising  either  the  right  or  the  left  variety  of  the  salt«  crystals  of  the  oppo<$ite  kind 
are  ulwnys  obt4:iined  mixed  with  those  of  the  origin  si  variety.  But  acconiing  to  B. 
Jacobsen  (Pogg,  Ann.  cxiii,  493),  tho  development  of  the  hemihedral  faces  depends 
altogether  on  the  presence  of  foreign  substances  in  the  solution ;  a  small  quantity  of 
free  formic  acid  favours  their  development,  and  on  reciyataHising  the  salt  several 
times  from  pure  Wiiter,  they  gradually  disappear,  Jacobsen  finds  also  that  carefully 
selected  hemihedral  crystals  of  eitlier  variety  never  yield  the  oppoaite  variety  on 
racryBtallisation.     Crystals  of  the  salt  prepared  with  formic  acid  obtained  by  the 

•  k%  two  of  ihcie  Met  dimer  but  iUghilj  in  Icnjftli,  the  fonn  li  ¥cr/  netrlj i|uadntic. 
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Oxidation  of  stareh,  when  placed  so  that  an  obtuse  edge  of  the  prism  ooP  is  turned 

p 
to  the  observer,  exhibit  for  the  most  part  the  face  5  to  the  left  point  above  (of  the 

observer),  whereas  crystals  of  the  same  salt  prepared  with  formic  acid  obtained 

P 
from  oxalic  acid  and  glycerin  exhibit,  for  the  most  part^  the  face  ^  to  the  right  point 

above.    (Jacobsen.) 

Formate  of  strontium  is  soluble  in  water,  permanent  in  the  air,  and  crumbles  to  a 
white  anhydrous  powder  when  heated. 

Formate  of  Tetryl. — See  Fobmic  Ethers. 

Formate  of  Thorinum. — ^A  solution  of  hydrate  of  thorinum  in  aqueous  formic 
add  yields,  by  spontaneous  evaporation,  ciystals  which  form  a  clear  solution  in  boiling 
water,  but  when  digested  in  cold  wat«r  form  an  acid  solution  and  leave  a  basic  salt. 
Alcohol  dissolves  them  but  sparingly.    (Berzelius.) 

Formates  of  Tin. — Stannous  Formate  is  sometimes  a  white  insoluble  powder, 
which  turns  black  at  first  when  ignited ;  sometimes  a  gelatinous  mass  which  is  difficult 
to  diy,  and  from  which  alcohol  precipitates  a  white  powder.     (Arvidson.) 

Stannic  Formate.  —  Aqueous  tetrachloride  of  tin  mixed  with  formate  of  sodium 
does  not  become  turbid  till  the  mixture  is  heated ;  it  then  becomes  white  and  gelati- 
nous, and  after  a  while  the  precipitate  assumes  a  ciyst&lline  character  (Lie  big.)  The 
acid  does  not  dissolve  stanmc  oxide,  even  when  heated. 

Formates  of  Uran  ium. — 1.  Uranous  formate. — Protochloride  of  uranium  yields, 
with  formate  of  sodium,  a  green  precipitate,  which  dissolves,  with  green  colour,  in 
excess  of  the  sodium-salt,  and  does  not  reappear  on  further  addition  of  chloride  of 
uranium.  But  on  heating  the  mixture,  it  becomes  turbid,  and  deposits  a  greyish 
green  body  containing  uranous  oxide  and  formic  acid.  The  colourless  liquid  filtered 
from  this  substance  contains  a  large  quantity  of  formic  acid  and  but  litue  uranium. 
(Rammelsbcrg,  Pogg.  Ann.  lix.  34.) 

Uranic  Formate. — Unciystallisable,  glutinous  mass,  which  becomes  moist  on  expo- 
sure to  the  air.     (R  i  c  h  t  e  r.) 

Formate  of  Vanadium. — Kydrated  vanadic  oxide  dissolves  in  aqueous  formic 
acid,  yielding  a  blue  solution,  which  on  evaporation  leaves  a  blue,  opaque,  saline 
mass,  easily  soluble  in  water.  ^  The  aqueous  solution  remains  blue  if  it  contains  a 
slight  excess  of  acid ;  but  as  this  acid  evaporates  in  the  air,  the  solution  turns  green. 
(Berzelius.) 

Formate  of  Zinc^  CHZnO^  +  HK). — Crystallises  by  evaporation  in  monoclinie 
prisms,  isomorphous  with  the  manganese  and  cadmium  salts,  ana  exhibiting  the  faces 
ocP,  oP,  +  P,  +  2Poo  ,  ooPoo .  Ratio  of  axes  axh-.  c  =  0-76627  :  1  :  0-93430.  Angle  of 
inclined  axes  =  82°  41';  ooP  :  ooP  «  104®  32';  oP  :  +P  ==  120®  4';  oP  :  ooP  « 
94°  28';  oP:  +2Poo  «  112°  14';  +P:  +P  =  93°  17'  (Heusser).  The  crj-stala 
arc  permanent  in  the  air,  soluble  in  24  pts.  water  at  19°  C,  insoluble  in  alcohoL 
By  diy  distillation  they  give  o£f  pungent  inflammable  gus,  and  leave  zinc-oxide  con- 
taining charcoal 

Formate  of  Zinc  and  Barium^  CH(Ba ;  Zn)0^  forms  crystals  belonging  to  the 
triclinic  system.    (Heusser.) 

rO&MZO  BTBBR8.  Compounds  derived  from  formic  acid  by  the  substitution 
of  an  alcohol-radicle  for  the  basic  hydrogen.  Four  of  them  are  known,  all  derived 
from  alcohols  of  the  series  C"!!*"'*''©,  viz.  the  formates  of  methyl,  ethyl,  tetryl,  and 
amyl. 

Formate  of  Amyl,  C«H"0«  =  CH(C*n")0«.— This  compound,  isomeric  with 
capric  acid,  and  with  valerate  of  methyl,  butyrate  of  ethyl,  etbylate  of  tetryl,  and  pro- 
pionate of  trityl,  is  obtained  by  distilling  6  pts.  anhydrous  format<*  of  sodium,  6  pts. 
strong  sulphuric  acid,  and  7  pts.  amylic  alcohol;  mixing  the  distillate  with  water; 
washing  the  separated  liquid  with  solution  of  carbonate  of  sodium,  then  with  water ; 
drj'ing  over  chloride  of  calcium,  and  rectifying.  It  is  a  colourless  mobile  liquid,  having 
an  agreeable  odour,  like  that  of  ripe  fruits.  Specific  gravity  0*8743  at  21°  C.  (Kopp) ; 
0*8809  at  16°  referred  to  water  at  4®  as  unity  (Mendelejef,  Compt.  rend.  L  62). 
Boiling  point  about  1 16°.  Slightly  soluble  in  water ;  when  kept  in  vessels  containing 
air  it  quickly  turns  acid.     (H.  Kopp,  Ann.  Ch.  Pharm.  Iv.  183.) 

Chloramylic  FormaUj  C*H"C1<>'.  Syn.  with  Chlobocarbonatb  of  Avtl 
(i.  916). 

Formate  of  Butyl, — See  Fobkatb  of  Tetryl. 

Formate  of  Ethyl,  C«HH)»  =-  CH(C«H*)0«.  Eth^lic  formate.  Formic  ethtr. 
Ameiscndther,  Ameisennaphta,    (Qm.  viii.  482 ;  Gerh.  i.  234.)— This  ether,  isoinerie 
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with  ppopioDic  add  and  acetate  of  roetliyl,  was  discoTercd  by  Afedias  of  ITpsal,  in 
1777;  exttmined  soon  afterward*  hy  Bucholz,  and  by  Gflhlcii.  and  more  exaetlj  by 
Dobereinpr,  Liobig,  MaKrhand,  Ldwig  and  Wf?idnnuin,  and  II.  Kopp,  It  is  obtained 
by  diiTtLlliiig  oIcoIigI  with  strong  formic  add,  or  formate  of  eodiom  and  eulphuric  acid, 
ftnd  by  the  decomponiition  of  oxalic  ether. 

Preparation,-^  I,  By  diBtiHIng  7  pts,  of  diyfomuit^  of  iodinm  irith  a  mixture  of  6 
ptB.  of  highly  rectMed  rpirit,  and  10  pts.  strong  mlphuricadd ;  agitating  the  distillate, 
if  aield,  withmagD&aia;  ecparatiug  it  &om  alcohol  by  agitation  with  water,  then  de* 
canting  the  ether  and  rectifying  it  OTcr  chloride  of  caldum  (Dobereiner)»  On 
mixing  the  three  ingredientflj  neat  ia  erolved  anfflcient  to  distil  orer  all  the  fbrmie 
ether.  The  dietillate  ia  agitated  with  an  eqtidl  Toiume  of  niilk  of  limo,  and  the  Ibnnie 
ether  evolved  ae  above  ia  dehydrated  by  chloride  of  calcium,  after  aeparHtion  from  Ih/t 
lower  Htratum,  the  chloride  of  cidchim  being  renewed  a»  often  aa  il  becomes  mois^ 
after  which  the  ether  is  simply  decanted  off  (Liebig),  H,  Kopp  uses  8  pta.  of  fbf^ 
mafe  of  ao<litim  to  7  pta,  alcohol  of  88  per  cent,,  and  11  pta,  aulphunc  acid,  condn«(rting 
the  process  in  other  respecta  in  the  Bame  manner  aa  Liebig. — 2.  A  mixture  of  30  pta. 
sulphuric  acid.  Id  pts,  water,  and  Id  pts.  highly  rectified  spirit  is  poured  upon  an  in- 
timate* mixture  of  10  pta.  atarch  and  37  pta«  very  finely  pounded  manganese,  and  th« 
whole  distilled  with  gentle  ebullition  ^  long  aa  formic  ether  continues  to  pass  over. 
A  l&zge  quantity  of  c  blonde  of  calcium  in  then  diBSolved  in  the  distillate,  whervby.  in 
the  following  distillation  over  the  water- bath^  the  greater  pari  of  the  water  and  alci>hol  ia 
rctiiined,  and  the  liquid  which  paaaea  over  ia  again  rectitied  with  chloride  of  caleiunL 

3.  Acid  oxaUte  of  ethyl  distilled  with  glycerin  at  100^^  C.  decomposes  aimilaxly  to 
oxalic  acid  when  similarly  treated  (p.  686)^  yielding  formate  of  etfiyh  The  impure 
ether  obtained  by  prolonged  digestion  of  oisalic  acid  with  alcohol  may  be  used  for 
the  pnrpofte.    (C  h  urc  h»  PhiL  Mag.  [4]  it.  75.) 

4.  Porniie  ether  w  obtained  as  a  secondary  product  in  the  preparation  of  neutral 
oxalate  of  ethyl.  When  700  grma.  dehydrated  oxalic  acid  (obtained  by  gently  heating 
a  kilogramme  of  the  cryfttallii»ed  acid)  are  mixed  with  760-^00  grma.  absolute  alcohol, 
or  spirit,  of  97  to  98  {n-r  cent.,  and  tiie  mixture  distilled  in  a  sand-bath,  there  is  i>b- 
tairied  between  14o°  and  IBG**  C.  a  distillato  containing  formate  and  oxalate  of  ethyl, 
together  with  small  qnanlltles  of^carboQate  of  ethyl  and  alcohol,  and  above  186**  pure 
oxalate  of  ethyl.  The  mixture  just  mentioned  may  be  8e|)arated  by  fractional  distil- 
lat ion,  the  formate  of  ♦'th^  I  paKBing  over  between  S5^  and  76^^*  (L  5wi^  Ann.  Ch. 
Phya.  [3]  bdii.  464;  Jahrcstcr.  d.  Chem.  1861,  p.  697.) 

Proper t if s. — Formic  ether  is  a  thin,  trauBparent  and  colourless  liquid,  baring  a 
strong  agreeable  odour*  like  that  of  peaeh-keruela,  and  a  strongly  aromatic  Ca«fe ;  of 
specific  gravity  0-9157  at  18^  C.  (Gehlen);  0'9188  at  17° ;  09984  at  0<=  (tt  Kopp); 
0-9677  at  0-  (Pierre).  Boihi  at  54°  {K  March  and);  at  66='.  under  «  pnaaaa  of 
27-7"  (D oh ereiner);  at  64*9**  with  pliitinura  vtire  immeraed  in  it  (H.  Kopp);  at 
62'9^  under  a  pre^ure  of  752  mm.  (Pierre);  a1  64*3  under  a  preaaurc  of  762  mm. 
(Andrews).  Tension  of  vapour  at  230  =i  8-2  inches  of  mercury  (Dob e rein er\ 
Vupour-dt^osity  =  2693  (Liebig);  by  calculation  (2  vol.)  =«  2*686.  Ilbuinswita 
a  blue  flame  yellow  at  the  edgea.  It  dissolves  in  9  pt&  water  at  18°  C,  absorbs 
moisture  quickly  from  the  air,  and  h  slowly  decomposed  thereby  into  alcohol  and 
formic  acid ;  it  muiit  therefore  be  kept  over  chloride  of  caldum.  In  presence  of  alkalii 
the  decomooaition  takes  place  more  quickly*  Formic  ether  mixes  in  all  proportions  with 
alcohol,  ether,  and  wood-spirit,  and  with  many  oili^  both  fixed  and  volatile.  Heated 
with  dry  ammonia  in  sealed  tubes,  it  ia  converted  into  formamido  (Hoftnann,  p.  681). 
With  cmerine  it  yields  substitution  products  {vid.  inf). 

CMorethylic  Formate,  C'H'HIJIO*— Identical  with  chlorocorbonate  of  ethyl  (L  916). 

Dichl^ethi/lie  formate,   C*H*CPO*  —  ^,jj,^|,jO.— Chlorine  rapidly  attacks  formic 
other,  produdng  hydrochloric  acid  and  dichlorethylic  formate : 
CH«0'   +    2a'   =  Cr»H*CPO^   +    2HC1; 

together  with  formic  acid  and  chloride  of  ethyl,  resulting  from  the  action  of  the  hydro- 
chloric acid  on  the  formic  ether.  The  product  is  distilled  alowly,  the  temperature  not 
being  allowed  to  exceed  90°  C. ;  at  106°  the  mixture  would  turn  brown.  The  rrsiduo 
is  poured  into  water,  and  the  oil  which  rises  to  the  suiiace  is  dried  in  racuo.  It  is 
soluble  in  alcohol  and  ether,  but  l^  decomposed  by  water.  Specific  gravity  =*  1*261  at 
16°  C.  It  cannot  be  boiled  without  deeomposltion.  Aqueous  potash  attacks  it  readily, 
produdng  chloride,  acetate,  and  formate  ot  potassium : 

C'H*C1»0»  +   2K1I0  -  2HCI  +  C^n'KO'  +   CHKC 

JVrcA/<7rc%/«7  fomtaie,   C«C1*0'  =  ^?^i^|o.—TMa  compound,  produced  by  tlie 
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action  of  rhlorine  nn  formic  Mht^r  iti  puiirthine,  has  exactly  the  fiame  compoeitioti,  pro- 
pertieH,  and  rt»actions  as  porchloromethylic  acetutc  obtained  in  like  manner  bj  the 
action  of  chlorine  on  acetate  of  methyl  (i,  24) ;  in  fact  the  twa  compounds  appear  t<» 
be  identiciil 

Formate  of  Methi^I,  C'H^O'  =  CH'^1*^'  Mttki/lic formate.— Thk  compound, 
isomeric  with  a4?etic  iicid,  was  first  obtained  in  1835  by  Duma «  and  Peligot  (Ann* 
Ch,  Phys.  [2]  Iviii,  48).  To  pr<?pare  it,  equal  parts  of  aulphat4»  of  methyl  and  formute 
of  Bodium  are  g^^ntly  heated  in  a  (listUlutory  Apparatus.  As  soon  aj  the' action  begins, 
the  mass  befomeB  epontaoeoudy  heated,  and  mctbylie  formate  passes  over  in  a  nearly 
pure  state  into  the  receiTeTf  which  should  be  well  cooled.  Th«  methylic  formate, 
which  afterwardst  passfa  over  at  a  higher  temperatu^*^  is  contaroinatjKi  with  a  little 
methylic  Rtilpbite.  The  distillflh^  thus  obtained  is  rectified  over  formiito  of  sodium, 
and  then  onoe  by  itself  in  a  dry  retort.  In  this  manner,  a  perfectly  pure  product  ii 
obtained.  This  compound  is  not  obtained  by  diatilling  wood-spirit  and  fbrmate  of 
aodium  with  gulphurie  oeid. 

Formate  of  methyl  im  a  tmnflparent  and  co!ourlc«fl  liquid,  lighter  than  water,  Tary 
volatile,  and  having  an  ethereal  but  very  pleasant  odour.  Vapour-density  «  2*084 
(Dramas  and  Peligot) ;  by  calculation  (2  vol.)  =  2  08,  Boils  between  36°  and 
38°  C. ;  amelk  like  furmic  ether.     (Li  e  b  i  g.) 

Chloromethyiic  formati\  CH'CIO^^— Id<  utical  with  chlorocarhoaate  of  methyl 
(i.  913), 

Perchloromtthy^lic  formatft   C*C1*0'  «   ^^,p  J  0.— To  prepare  it,  perfectly  anhy- 

dions  methylic  formate  is  placed  in  a  bottle  filled  with  drj^  chlorine  gs^,  and  exposed 
for  Mvme  dnys  to  the  sun  (the  action,  though  violent  at  first,  soon  diminishes  in  int^eu- 
aity),  till  atte'r  about  fourteen  days  the  colour  of  the  chlorine  no  longer  diminiHheff. 
The  liquid,  which  is  coloured  by  free  chlorine,  is  then  distilled,  the  portbn  which 
distils  OTer  below  1%{P  C.  eollect^  apart,  and  rectified  sereral  times,  the  more  Toladle 
porttoA  being  each  tims  collected. 

It  la  &  transparent,  colourless,  very  thin  liquid^  of  specific  gravity  1*724  at  10*  C, 
boiling  at  18Cr  to  181°,  and  having  a  strong  pungent  odour,  like  that  of  phosgene. 
When  poAsed  in  the  stat**  of  vapour  thrt:)aph  a  tiific  heated  to  340^ — 350,  it  is  converted 
almost  wholly  into  phosgene  gas,  with  whioh  indeed  it  is  polymeric.  AqueouE  amnumia 
acts  violently  upon  it,  forming  white  nacreous  trichloracetamido  and  »al-ammonia<?, 
and  probably  a  third  product.  Potath,  even  when  hot  and  concentrated,  exerts  scarcely 
any  decomposing  action.  Alcohd  decomposes  it,  with  formation  of  chlorocarbonate  of 
ethyl ;  methyHc  and  a  my  He  alcohols  form  similar  products,     (C  ah  our  a.) 

FormateofTctryl,  C*H''0'  =  ^^i  fC— Discovered  by  War  tz  (Ann.  Cb.  Pharm. 

xdii.  121).  Isomeric  with  valeric  acid,  with  bufy rate  of  methyl,  propionate  of  ethyl, 
and  acetate  of  trityL  It  is  prt^pared  by  heating  formate  of  silver  with  somewhat  le.«a 
than  an  equivalent  quantity  of  iodide  of  tetryl  in  a  sealed  tube  in  the  water-hath  for 
aeveral  hours,  then  distilling  off  the  volatile  product,  washing  with  sodic  carbonate, 
drfing  over  chloride  of  caldem,  and  rectifying.  It  is  a  feigrant  liquid,  boiling  at 
about'lOO^a 

l*0R1«^01«BTHirXAXi,     See  Methtlal. 

fO&MOKiLFBTHAltZSB.     Syn.  with  Ni^PHTHTL-FOniUJODS  (p.  661). 
l>OS3lSOir£TXir,      C**H**0"?     (Hlasiweta,  Wien,  Akad.  Bcr.   ly.   142).— A 
substance  oLtainMl,  together  with  glucose,  by  the  action  of  hot  hydrochloric  or  boiling 
dilute  sulphuric  acid  on  ononin,  C**H*0^  (g.  ih) : 

C«n«o*'  =  C*»K**D'*  +  C"*H^H>'«  +2H'0. 
It  may  be  purified  and  obtained  quite  white  by  ci^rstalltsatiou  from  .strong  alcohol, 
or  hy  solution  in  ammonia  and  partial  precipitation  with  hrdrochluric  acid.  From  rhe 
hot  al cob ob evolution  it  separates  in  small  crystals.  It  is  n(i;»rly  insiduble  in  water 
and  in  ether,  dor«  not  precipitate  met4dlic  salts,  or  colour  ferric  chloride.  Fixed 
alkalis  dissolve  it  and  ilecompoee  it  at  the  boiling  heat  By  sulphuric  ncid  and  p«^r- 
Ckside  of  manganese  it  is  coloured  vioh-t^  By  boiling  with  barytu-wator  it  la  reootred 
into  formic  acid  and  ononetin,  C*1I*'0" : 

C«H*«0'«   +   4H'0   =  2CH»0«   +   C<»H*K)*» 
RBKOlB'ZTRlXiB.     Syn*  with  HrnnocVAKic  ACtt>  (p,  214.) 
I VOSHiIin&je,  RATIO N^A£. — Chemistif)  are  nccnstomed  to  dtstinguish  bilWH'tV 

diffireiit   kind?  of  f«»rmnlcB;  namely,  rmptricol  ftirmntff   iind  ratumul  fitrmhite. 

These  terms  were  first  introduced  by  Bcrselias  (Jahresher.  [1833]  xiii  18U;  P^gg. 
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Ann.  xiviii.  617;  Ann.  Cb.  Phya.  liv.  5 ;  abetiv  Ann.  Ch.  Phami,  vi»  173)  j  the  former  to 
denote  fonniiltp  which  **  result  immediatdy  froin  an  exact  analysifl  and  Are  inTiuiabl**:" 
thp  kttei-  to  denote  formtilie  whkk  "  are  d««igned  to  gire  an  idea  of  th«  two  elevtzo- 
eiiemically  opposite  bodies  of  whidi  the  comp<3iind  ia  regarded  as  eonatitiit45d ;  that  is 
to  nay,  to  render  eTident  the  electro-cheinical  diTiBion  of  the  body  submitted  to 
Analysis."  The  inclining  now  attached  to  these  expi-essions  is  only  so  far  diffi^vnt 
from'  their  orif^nal  meaning  &b  here  defined,  that^  vith  the  growth  of  new  theories  of 
chemical  coDstilntion,  the  Bignification  of  ration&l  formulae  hat  been  widened  so  as  no 
longer  to  denote  tb^p  representiition  of  substances  on  the  cletrtro-chemical  theory  onlj» 
but  so  that  a  fominla  which  ejcprejsaoB  any  riew  whaterer  respecting  the  oonstitutioji 
or  nature  of  a  substance,  beyond  what  re«alta  directly  ^omitit  analysis,  is  now  called 
a  rational  formida. 

Empirical  formuljc  being  merely  expressions  of  the  results  of  analysis  in  terms  of 
the  atomic  weights  of  the  elements  (or  more  strictly  speaking,  in  terms  of  the  Tulnes 
represented  by  the  elemontary  symbols :   which,  howti  er,  are  always  taken  in   this 
work  as  standing  for  atomic  weigots),  all  tbat  is  required,  in  order  to  fix  the  empirical 
formula  of  any  subatancCp  is  that  tbe  atomic  weights  of  the  elements  shoold  hare  been 
determined,  and  that  tbe  sulM?tance  itself  sbonld  hare  been  accurately  analvaed.     Gmch 
form  11  in?,  therefore,  can  ncTer  become  tbe  subjects  of  discussion,  or  of  differ«tiees  of 
opinion  ;  ejtcept,  indeed,  in  cases  where  the  experimental  dat4i  are  incomplete.     With 
rational  formulffi,  on  tbe  other  hand,  it  is  xery  different,     A  perfect  rational  formula 
would  amount  to  a  complete  Bt4teinent  of  the  chemical  conBtitution,  analogies,  and  irla* 
tions  of  the  body  which  it  represents,  while  the  simplest  of  such  forro\ila'  is,  by  it« 
very  nature,  an  expression  of  something  more  than  the  direct  results  of  eacperiment 
It  is  obviotiH,   tbereforej  that  the  rational  formula  of  any  aubstaaiGe  most  Tary  with 
the  general  theoretical  "riows  which  from  timtj  to  time  exert  the  greatest  inflarnce  in 
chemical  science^  and  that  chemists  who  hold  different  opinions  with  regard    to  any 
fundamental  point  of  ehemical  theor3%  will  Rssign  different  rational  formal»  to  thi 
same  bodies.     On  investigation^  boweTer,  it  will  be  found  that,  in  yery  manv  eases, 
the  different  formolfe  given  to  the  Harue  HubstHance  do  not  represent  distinctly  tJiff*»reut 
TiewB  of  its  chemical  nature,  but  that  they  express  the  same  meaning  under  different 
forms.     In  fnct,  tbe  question^  what  is  the  rational  formtda  of  any  giren  substance? 
resolves  itself  into  these  two  different  pajts:  (1)  what  is  its  chemical  function  or  its 
place  in  a  general  chemical  cliisaificatioii  ?  (2)  %  whiit  formula  la  this  function  m(f>t 
suitably  expresfie+l  ?     In  this  article  we  shall  endeavour  to  show,  by  the  discussion  of 
one  or  two  illustrative  examples,  the  manner  in  which  answers  to  these  questions  cam 
bo  arrivf^J  at. 

The  chemical  pmpcrties  of  compounds  of  the  lowest  order  of  comDlexifr  appear  to 
depend  solely  on  their  cbemical  composition,^  and  hence  tbe  ompiriofti  formnlie  which 
express  their  composition  are  at  the  same  time  the  only  possilde  rational  fomiulaB 
which  can  be  given  to  them.  In  more  complex  compounds,  on  the  other  hand, 
the  chemical  propertiefl  depend,  not  only  on  tbe  nature  and  proportions  of  their  ele- 
mentary constitnenta,  but  also  on  tbe  mmle  in  which  these  conHtituents  are  combined* 
Thus  acetic  acid,  lactic  acid,  formate  of  methyl,  ethyl-carlxmic  acid,  glyccllate  of 
methyl,  melhyl-glycollic  arid,  gluMse,  and  some  other  substances,  would  all  give  the 
same  results  on  analysis,  and  would  consequently  all  be  represented  by  the  sj^m*  em* 
pirical  formula,  Cfi*0.  The  very  different  properties  exhibited  by  the^  bodies, 
all  composed  of  the  same  elements  united  in  the  same  proportions^  can  be  dui*  to 
nothing  hut  to  differences  in  the  mode  or  order  in  which  these  elements  are  combined 
in  CAch  of  them ;  and  although,  in  most  cases,  we  are  fur  loo  iguorant  of  the  manner  in 
which  the  atoms  of  compound  hoiiies  are  giNiaped  together,  to  attempt  the  expression 
of  it  by  the  arrangement  of  symbols  in  our  formula?,  gtill  it  ia  poeeible  to  indicate  to  a 
great  extent,  by  means  of  rational  formuIiE^  the  different  chemical  characteristics  which 
result  from  variations  in  the  mode  of  combination  of  the  $ame  atoms.  This,  however, 
can  be  done  only  by  a  comparative  method,  that  is,  by  seb^cting  a  certain  number  of 
representative  subatances,  and  giring  to  aU  other  bodies  formulm  which  shall 
express  the  nature  of  their  relations  to  the  substances  so  selected. 

In  the  article  Classification  (i.  1010,  ci  ncq.)  it  has  been  shown  that  the  followiiig 
substances 

HO  IPO  H*N  H*C 

HrdrochTork  icid.  Water.  AmmoMn,  Hurtti  gu, 

may  be  thus  tiiken  as  typical  of  all  compounds  of  the  simplest  order,  and  tbat,  by  the 
assumption  of  compound  radicles,  snbstAiices  of  great  complexity  may  also  be  compared 
with  them.  The  rational  formuhe  adopti'd  in  this  work  amount  merely  to  st&tetQeiltS 
that  the  substances  represented  by  thtMn  are  comparable,  so  fur  as  regsxds  thecif  nukLet 
of  form.ition  and  transformation,  .with  one  or  other  of  these  fundamental  types.  A»- 
sumingj  at  present,  that  this  is  the  best  system  of  rational  formula,  the  ftrst  question 
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to  be  considered  —  namely,  the  manner  of  determining  the  place  of  a  substance  in  a 
general  scheme  of  chemical  classification  —  is  seen  to  be  in  reality  a  discussion  of  the 
grounds  upon  which  a  compound  is  referred  to  this  or  that  type,  and  regarded  as  con- 
taining this  or  that  compound  radicle. 

The  rules  which  are  practically  recognised  by  chemists  in  the  formation  of  rational 
formula,  will  be  better  explained  in  relation  to  particular  instances,  than  by  attempting 
a  general  exixwition  of  them  which  should  be  applicable  to  all  cases.  Hippuric  aci? 
for  example,  is  represented  by  many  chemists  by  the  rational  formula, 

c*h*o[n 

We  will  j)roceed  to  consider  in  detail  the  meaning  of  this  expression,  and  the  manner 
in  which  it  is  deduced  from  the  known  properties  of  the  substance  it  represents. 

The  analysis  of  hippuric  add  leads  at  once  to  the  empirical  formula  C^H*NO* ;  and 
the  quantity  represented  by  this  expression,  is  that  which  results  from  all  reactions 
in  which  hippuric  acid  is  formed,  as  well  as  that  which  reacts  in  all  the  transforma- 
tions which  this  acid  is  capable  of  undergoing.  This  formuhi  therefore  represents,  not 
only  the  composition  of  hippuric  acid,  but  also  its  molecular  weight  The  principal  reac- 
tions of  hippuric  acid,  at  least  those  which  have  been  chiefly  kept  in  view  in  oeduciDg 
the  rational  formula  above  given,  are  expressed  by  the  following  equations : 

Keactions  of  formation  — 

1.  c«H»NO«   +    (rH»oa   =.   c»mNo«   +    na 

Olycocine.       Chloride  of  beniojri.  Hippuric  acid. 

2.  C«H»NO«    +     CmK)^       =     C?»H*NO»     +     H«0. 

Gljrcocine.  Beniolc  acid.  Hippuric  acid. 

Keactions  of  transformation  — 

3.  C»H»NO«    +  KHO  =     C»H«KNO«  +     HK). 
Hippuric  acid.                                 Hippurate  of  potasilum. 

4.  C»H»NO«    +  HH)  =    C^H^NO*     +     CHW. 
Hippuric  acid.  Gljrcocine.  Bensoic  add. 

6.    C»H»NO«    +     H«  -    C«H»NO«     +     C'HK). 

Hippuric  acid.  Gljrcocine.      Hydride  of  benxoyl. 

6.  C»H»NO«     I-     NHO«         =    C»H"0*        +       N«    +  H«0. 

Hippuric  acid.  Bcnxoglycollic  add. 

7.  C»H»NO«    +     0«  «    C'H'ON       +     2C0«  +  H»0. 

Hippuric  acid.  Beniamide. 

In  the  first  of  these  equations,  that  representing  the  formation  of  hippuric  add  by 
the  action  of  chloride  of  benzoyl  on  glycocine,  there  is  an  azotiscd  body  and  a  chloride 
on  each  side :  on  the  first  side,  glycocine  and  chloride  of  benzoyl,  ana  on  the  second, 
hippuric  acid  and  chloride  of  hjdirogen  ;  and  on  looking  at  the  composition  of  these 
suljstances,  it  is  seen  that  the  difference  between  glycocine  and  hippunc  add  is  just  the 
same  as  that  between  hydrochloric  add  and  chloride  of  benzoyl  To  express  these 
rchttions  in  the  rational  formula  of  hippuric  add,  it  is  plain  that  this  formula  must 
represent  hippuric  add  as  bearing  the  same  relation  to  glycodne  that  chloride  of 
benzoyl  does  to  chloride  of  hydrogen;  that  is,  it  must  represent  it  as  glycodne  wherein 
the  radicle  CHK),  benzoyl,  takes  the  place  of  an  atom  of  hydrogen.  Similarly, 
equations  2  and  4,  which  ar0  the  converse  of  each  other,  show  that  the  relation  of 
hippuric  acid  to  glycocine  is  the  same  as  that  of  benzoic  acid  to  water ;  and  equation  6, 
that  it  is  also  the  same  as  that  of  hydride  of  benzoyl  to  hydride  of  hydrogen :  but 
benzoic  add  is  to  water,  and  hydride  of  benzoyl  is  to  hydride  of  hydrogen,  just  what 
chloride  of  benzoyl  is  to  hydrochloric  add  k  these  last  three  equations  Sierefore  lead  ' 
to  exactly  the  same  rational  formula  for  hippuric  acid  as  the  first ;  that  is,  to  the 
formula 

C«n*(C'H*0)NO«, 
or  an  equivalent  expression. 

Again,  equation  3  shows  that  hippuric  acid  contains  an  atom  of  hydrogen,  which  is 
BO  far  different  from  the  rest  that  it  can  be  replaced  by  an  atom  of  another  metal,  as 
potassium,  while  all  the  other  atoms  remain  in  unaltered  combination.  To  express 
this,  we  must  further  break  up  the  formula  and  write  one  H  separate  from  the  re- 
mainder. Here,  however,  the  question  arises,  how  is  this  result  to  be  combined  with 
the  previous  one.  Are  we  to  represent  this  exceptional  atom  of  hydrogen  as  belonging 
to  the  original  compound  glycocine,  or  to  the  radicle  benzoyl,  which  we  have  already 
admitted  as  repladng  one  atom  of  hydrogen  ?  The  answer  to  this  question  is  obtained 
by  considering  the  properties  of  glycocine  and  chloride  of  benzoyl,  the  substances  from 


698 


FORMULAE,  RATIONAL. 


which  hippnrie  aeid  U  put  together  in  the  reaction  represented  in  eqimtion  I.  Glyw^ 
cine  eonlaiD£i  an  aXom  of  hjdrogen  repUce&ble  by  metulB ;  chloride  of  benzoyl  dom 
not :  hence  the  natural  conclusion  is  tbat  the  rcpljiceable  hydrogen  of  hippurie  ft«id 
belongs  to  tho  glycocine  and  not  to  the  h«RLzoyL  This  ib  expreaaed  bj  lh«  to- 
miiUi 

C*H».H(C'H»0)NO*. 

wb«retts  the  opposite  conclusion  would  be  represented  by  (>H*(CTH'*0,H)NO"* 

Equation  6  states  that  an  atom  of  hydrogen  and  an  atom  of  nitrogim  Cftn  bo 
remoT*-'d  from  bippu^nc  acid  and  replaced  by  an  atom  of  oxygen.  The  hydrogen^atom 
thus  removed  appears  not  to  be  tho  one  which^  as  we  hare  already  seen,  is  replaceable 
by  metalii:  for  the  product  of  the  reaction,  benzoglycoUic  add,  still  cxjutains  a  simOaiij 
replaceable  atom  of  hydrogen.  A  second  H  must  therefore  be  separated  from  the 
rest  in  the  formula  of  hippimc  add,  and  thus  we  get  the  expression 
C*1P.H.H((7H»0)N0'. 
There  is  Teason  to  belieTe  that  the  atom  of  hydrogen  in  glycoexiie,  which  can  be 
replaced  by  metals,  owes  its  special  chajracters  to  its  bping  in  more  dij««ct  combinatioii 
with  one  of  the  oxygen-atoms  of  the  compound  than  with  the  nitrogen  i  hence,  if  the 
conclusion  arrived  at  in  the  last  paragraph  but  one  be  admitted^  it  follows  that  fha 
radicle  C^fl^O  in  hippuric  add  is  not  directly  combined  with  oxygen,  but  is  probably 
primarily  united  with  the  nitrogen.  This  supposition  is  strengthened  by  the  reacticm 
represented  in  equation  7*  where,  when  the  other  elements  are  completely  oxidised 
into  carbonic  anhydride  and  water,  the  l^nsoyl  and  part  of  the  hydrogen  remain  united 
with  the  nitrogen  in  the  form  of  benxamide.  Tins  can  be  expressed  in  the  rational 
formula  of  hippuric  acid  by  arran^ng  the  symbols  in  such  a  way  as  to  represent  the 
nitrogen  and  the  group  C'H^O  as  in  direct  eombinatiou ;  for  example^  thus — 

where  the  atom  of  hydrogen  represented  in  direct  combination  with  tho  nltitigea  is  the 
one  which  is  displaced,  at  the  same  time  as  the  lutter,  when  hippuric  acid  is  acted  oa 
by  nitrous  acid  (equation  6),  and  the  second  hydrogen-atom  written  apart  from  the 
rest,  in  the  lowest  Une  of  the  formula,  is  the  one  npluceable  by  metaK 

There  is  still  the  group  of  atom?,  C*H'0*,  which  remains  intact  throughout  all  the 
trans  formations  hitherto  cfmeidcrcd,  except  that  rppreaentcd  by  equation  7,  wheiv  it 
is  completely  oxidised.  We  might  ther»?foro  legitimately  regard  it  aa  a  diatomic 
radicle^  and  assign  to  hippucio  acid  the  rational  formula 

H   } 

as  th«  one  which  expresses  all  its  principal  transformations.  Bat  the  adoption  of  this 
formula  for  hippuric  acid  would  in  vol  to  the  repreaentation  of  glycocine  by 

^         1 
H  N 

H         \ 

formulae  which,  though  expressing  several  very  important  ^lations  of  these  bodiee,  nd 
only  do  not  indicate  the  jxisaible  formation  of  Heintz's  diglycolamidic  acid,  C'iPKO*, 
and  triglycohimitiic  acid»  C*H*NO*,  or  of  the  digly collie  acid,  C^H'O*  discoreired  by 
Wurta  and  by  Heintz,  but  conceal  the  analogy  of  glycollic  acid  to  lactic  acid,  whi^ 
latter  cannot  be  represented  with  a  radicle  containing  O*^  since,  hj  the  action  of  pento- 
chloride  of  pbosphorust  it  yields  the  chloride  C*H*OCP.  For  these  reasons,  a  formola 
in  which  the  radicle  C-H*0*  is  broken  up  thus,  CEP'O.O,  is  a  more  8Atisfiictoi7  repre- 
annt^tioti  of  glycocine,  and  consequently  of  hippuric  add,  than  that  given  a,bov«w  l^us 
we  come  finally  to  the  expression 

capo     fK 
(CTPOf 
H         fO 
fts  the  ultimate  rationnl  formtila  of  hippuric  acid.  ^ 

If,  heweyi^r,  we  exti-nd  our  cons idc  ration,  not  merely  to  the  tran sfortnations  of  hip- 
puric at  id  it^lf,  bill  also  to  those  of  thti  substances  out  of  which  it  is  built  up,  or  into 
which  it  cau  bt^  di^fouiposecl :  if,  for  instance,  wa  take  into  account  the  dccomposiHoii 
of  benzoic  acid  ialo  a  carbonate  and  benzene,  and  of  glycocine  into  a  Ciirbouate  and 


'  and  of  glycollic  acid  by  {C*H»0^*  [ 
H        i 
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m  ethyl  amine,  whi^n  dihtUlfrd  with  taiyta,  we  must  breuk  up  thh  formula  still  ftirtber 
and  write  it  thua : 


}■ 


H 

(coy. 
^co)' 

H 


io, 


OT  in  80810  eqmTalent  fomiv 

Two  pointfl  arise  from  the  foregoing  diBcaesion  which  are  of  snlEicient  importance  to 
be  dwelt  upon  somewhat  more  at  length.  Thej  are,  first,  the  purely  wlative  chftracttT 
of  rational  formuhe,  or  their  dependence  on  the  particular  tTansformatione  which  thej 
arc  intended  to  repreaent;  eecondly,  the  necessity  of  assigning  comparublo  fonntdic  to 
eompaiable  sabstuneef)!. 

E^tiona!  formalas  b^ing  used  in  the  senfie.  which  hAS  been  indicated  in  this  article^  that 
isj  as  descriptive  only  of  the  bodies  to  which  they  are  aflsign^d,  it  is  obvious  that,  if  a 
substance  can  rea<.it  in  scTenil  diffbrent  ways^  it  mjiy  receiTe  aa  many  dijsttuct  rational 
fiyTmu\Btt  each  of  which  a  hall  be  truly  df^criptiTe  of  it  relatively  to  a  parti  euliir  set  of 
tranaforniations ;  although  it  cun  isnly  have  one  completely  mtiocial  formula^  that  iE^ 
onl^r  one  formula  indicating  all  the  tmJisformations  which  it  is  capable  of  uudeiTgoing* 
Thiff  is  nothing  more  than  what  we  meet  with  in  commoa  langoagOt  where,  as  we  know, 
WJVeral  distinct  partial  deecriptiona  of  tho  aamo  object  may  be  each  of  them  quito 
acciirate  ait  far  as  they  go,  although  there  cannot  be  more  than  one  complete  description 
of  it  Thia  is  almost  too  simple  a  matter  to  Deed  to  be  epecklly  point^rd  out,  were  it 
not  that  some  chemists  maintain  that  the  same  snbstance  cannot  have  more  than  one 
rational  formula.  For  instance,  in  the  Anvutrn  d^er  Chemie  und  PA^tmuzci^,  voL  cxiii. 
pp,  226^  22ft  (February,  1860),  we  find  the  following  passage  in  reference  to  the  two 

formulas    /(w»y  (O  and '  ^qscta.' Mo,   which  Wurtz,  in  ord^r  to  eipteas  the 

CI 

different  ways  in  which  that  body  reacts,  had  assigned  to  the  product  of  the  action  of 
alcohol  OD  chloride  of  lactyl ; 

**  If  two  iBomeric  bodies  are  recognised  as  distinct  substances  because  they  contain 
their  proximate  coustituents  grouped  in  diflerent  ways ;  if  further  the  rational  consti- 
tution, as  difitin^^uished  from  the  empirical  con&titutiou,  is  that  which  indicatai  the 
proximate  constituents  of  a  compound  together  with  the  part  which  they  play  therein ; 
and  if  fiaally  the  rational  formula  is  the  symbolic  expresffiou  of  the  conception  which 
we  form  la  our&clves,  at  any  given  time*  respecting  the  rational  constitution  of  a  body» 
it  is  not  possible  that,  as  Wurtz  supposes  in  the  case  of  chloropropionic  ether,  a  com- 
pound can  have  two  nvtional  formulie  at  the  same  time ;  that  is,  that  it  can  be  variously 
constitnted.  No  one  will  sharo  the  opinion  that  the  chloropropionic  acid  which 
produces  lactic  acid  is  not  identical,  but  merely  isomeric,  with  that  wlueh  is  converted 
by  hydrogen  into  ppopionic  acid.*^ 

"  .  ,  ,  .  To  advocate  at  one  time  two  different  rational  fbrmulje  for  the  same 
componnd,  that  is,  to  pretend  that  it  contains  now  one  croup  of  atoms,  and  now 
another  as  its  proximate  constituents,  and  contains  them  perhaps  diiferently  combined 
together,  us  is  expressed  by  Wurtz's  two  formulas  for  diloropropionic  ether,  is  to  asv^ert 
an  impossibility/ 

On  examining  these  quotations,  it  will  be  seen  that  the  use  of  rational  fonnula 
which  is  contemplated  oy  them  is  not  quit^^  that  which  has  been  explained  in  this 
arCkU.  The  author  plainly  regards  rational  formulie  aa  symbolic  expressions  of  snp- 
positaons  respecting  the  constitution  of  compounds,  whereby  it  is  sought  to  exp!ain  their 
dMmieal  properties.  Regarding  the  roactions  of  compomnd  bodies  as  determined,  not 
Otdj  by  the  nature  of  their  elements,  bnt  also  by  the  way  iii  which  their  constituent 
itomi  M9  united,  he  oonsidera  that  rational  formuiie  ought  to  represent  the  ultimate 
strnetore  of  bodies,  and  thus  show  why  thoy  exhibit  the  particnJar  properties  by 
wbieh  they  vre  characterised.  If  we  had  the  means  of  ascertaining  with  iM?rtainty  the 
OOltstitntion  of  bodies,  there  can  be  no  question  that  formulae  by  which  it  was  expressed 
would  be  the  best  rational  chemical  forrauljE,  and  that  of  such  formulee,  only  one  could 
be  true  for  each  anbstanoe ;  but,  since  our  only  mode  of  learning  how  bodies  ore  con- 
stituted is  by  studying  the  reactions  by  which  they  are  formed  and  transformed,  it 
seems  the  safest  course  to  be  satisfied,  for  the  prment,  with  formnls  which  simply  in* 
dicate  what  these  reactions  are,  resting  assured  that  the  liest  way  of  arriving  st  a 
knowledge  of  their  cause  is  by  endeavouring  to  attain  a  distinct  and  complete  concep- 
tion of  their  manner. 

When  considering  any  reaction  for  the  purpose  of  dedudng  from  it  a  rational 


700 


FORMULAE,  RATIONAL, 


fopmula  for  th<^  bodies  irlijch  take  pttrt  in  it,  we  have  idwayi  ta  di&tJBguiali  bel.w««« 
the  coast itueoU  which  iire  «iiaft>cte<l  by  the  reiurtioa  and  those  which  are  added, 
eepamlcd,  t>r  rapbieed  by  othcre.  Thua  when  chloride  of  benzoyl  acta  od  ammonLk, 
producing  beiLziimide^ 

C^n^Oa     +     H'N     «     C'H'ON     +     HCl, 

Cb1orfd«  t>ri»»(ojl.  Bcniainidr. 

we  baTe  th**  group  C'1I*0  common  to  the  reagent  and  to  the  product,  while  CI  in  the 
former  id  replaced  hy  H-N  in  the  latter  It  ban  been  expkined  in  Uie  article  Cla&st- 
FiOATioN  (i.  1014, 1015)  that  the  group  wbich  remaina  constant  thronghoat  a  peaction  i« 
the  radicle  of  the  snbstAncea  ooncemed  in  it*  while  the  atoms  that  are  sheeted  by  the  re- 
action are  those*  which  st^rre  to  characterise  the  type  of  the  reagent  and  product  iv- 
spectiTely      In  the  rational  formtila  of  any  substance,  the  radicle  ox[»re^G9  its  genetic 

H    [n,   fop   benxa- 


relations,  and  the  type  its  chemical  ftmction.     In  the  formuh* 


H    f 


mide,  the  radide  C'H*0  indicates  that  the  jmbstance  bdonga  to  the  same  chemicul 
family  aa  benEoic  acid,  oil  of  bitter  almonds,  and  chloride  of  benzoyl ;  while  the  »ynil'«^'l 
of  nitrogen  outaide  the  hnicket,  and  the  two  Hs  within,  denote  that  its  cbcmicAl 
function  la  that  of  a  primary  monamide  (AMmBS,  i.  109).  This  formula*  bower cr. 
plainly  does  not  indicate  the  possibility  of  a  reaction  such  as  that  of  pentachloridc  of 
phosphorus  on  benaumide,  namely, 

C'H'NO     +     PCI*     =     C^H"NC1     +     HO     +     FOCI*. 

To  obtain  a  formuhi  which  shall  do  so,  we  must,  aa  before,  diatinguiah  between  the 
atoms  which  are  affected  by  the  reaction  and  those  which  remain  in  unaltered 
combinaiion ;  we  thus  get  froro  thia  equation  the  mtional  formula  for  benzamide^ 

^h"^  t  ^'  ^'^^^^  reprcecnts  it  aa  the  hydrate  of  the  radicle  C*H«N. 

The  cousidenition  of  two  different  reactions  thus  leads  to  the  repreft^nbition  of 
benzamido  at  one  time  aa  an  amide,  at  another  as  a  hytlrate,  but  it  is  possible  to 
ezprcM  both  these  reactions  by  a  single  rational  formula,  if  we  represent  bensamide  aa 

at  once  an  amide  and  a  hydrate.    This  is  done  by  the  formula  (CTl*)*  '  ,  where 

H     [O 

C^IV,  the  ffToup  of  atoms  which  remains  unaltered  throughout  both  reactiona,  is  the 

H'N  } 
radicle^  and  the  type  ^,g  > . 

It  is  important  to  notice  here  that  a  formula  dcriTcd  from  a  aimple  type  can  omiy 
express  reactiuQs  of  the  kind  which  ia  characteristic  of  that  type,  and  that,  as  soon  as 
we  hare  to  express  more  than  one  kind  of  reaction  by  the  same  formula,  we  must 
make  use  of  a  complex  typo*  It  is  obvious,  howerer,  that  complication  of  type  inrolrej 
simplification  of  radicle,  and  ttke  ver»d;  so  that  a  formtda  expresdx^  aU  the  reactions 
in  which  &  giren  uuWtance  could  possibly  take  part,  whether  as  res^ent  or  product, 
would  be  one  containing  only  radicles  of  the  greatest  possible  sunpUcttj;  that  ia»  coo^ 
sisting  of  single  elementjiij  atoms.  All  rational  formulje  containiog  compound  radicles 
are  neccssaruy  partial,  for  they  cannot  express  any  reactions  in  which  the  constitneDti 
of  those  radicles  are  separated  fk>m  each  otbrr.  Such  fortnulce  are  neyertheles*.  the 
most  commonly  useful,  for  it  is  more  frequently  necessftry  to  point  out  the  rolatiou*  of 
one  substance  to  others  of  a  comparable  degree  of  complexity,  than  to  indicate  th* 
reactions  by  which  it  can  be  put  together  from  it^  cou&tituent  atomsH,  or  by  which  1* 
can  all  be  separated  from  each  other.  (See  further,  Prdiminart/  Report  on  0 
Chtnmtr^^  by  Q.  C.  Foster     Reports  of  British  Associate  for  1850,  pp.  7*11.) 

The  second  point  which,  as  haa  been  stated,  arises  out  of  thi*  dii^eusaion  of  the  i  _ 
mu!a  of  hippuric  acid,  is  the  neceaaity  of  giring  comparable  formulae  to  compftrabls 
substances,  or  of  ado^tin^  a  uniform  system  of  rational  notation  ;  that  ja,  always  ex- 
prcijsing  similiir  njactions  m  the  same  way.     AV^Jat  li*  nic;iiit  will  bivomt'  r  '      'y 

inlelligible  by  an  example  of  that  which,  we  contend,  i.^  an  illogical   and  ■ 

use  of  formuhe.     In  Kolbe's  La hrbuch  dcr  organinchin  Ch^nk  (BniUnsci ^,  i     >, 

ii,  p.  117),  the  decomposition  of  hippuric  acid,  when  boiled  with  btnoxide  of  lead,  U 
reprcjaented  by  the  following  equation  : 


Ml|f(i>uric  ucKI. 


Benannldot 


•  la  tbiJ  equatLan,  ud  In  what  foUow*  in  rtferencc  to  It,  H=l,  0=«,  C^t^.  ace. 
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Hipptiric  acid  is  here  represented  as  benzoic  acid,  H0.(C*'H*)[C*O'],0  (aceoTdins 

Kolbo),  "wliereia  amido-acetoryl,  C*j  jjtj^i  C>*  (the  padide  awiimed  by  Kolte  to 

[iat  in  gljcocine  or  amido-acetic  acid)*  replac«a  one  atom  of  hydrogen;  while 
UBamide  is  represented  fn&  ammonia  in  which  hq  atom  of  hydrogen  is  replaced  hy 
ensoyl,  although,  as  we  have  already  seen,  hippurie  airid  beiirs  exactly  the  name  rel^ 
lion  to  glycocine  that  benxamide  doe&  to  ammonia.  Chloride  of  h<?nzoyl  reacts  on 
yeocino  exactly  as  it  does  oq  uramonia,  forming  in  the  one  caae  bippnric  acid,  in  the 
her  benznmidc ;  yet  the  above  formulaE  represent  the  producta  as  related  to  the  n** 
jente  qnit«  differently  in  the  two  reactions.  In  the  first,  snbstitntion  is  represented 
as  having  taken  place  within  the  mdicIe(C^*H*)C'0*;  in  the  second,  this  radicle  in  re- 
presented as  being  iUclf  subftit^itcii  for  hydrogin. 

The  same  chemist  fumiahes  us  with  another  example  of  the  illogkal  use  of  formulie, 
in  the  expressions  by  which  he  represflnta  the  products  of  the  action  of  chloropropionie 
ether  ("Wnrtz's  t'/A^r  chl(>rvlacttqm)  on  ethylate  of  sodium  and  on  butyrate  of  bodium 
respectively.  The  reaction  is  in  both  cases  perfectly  similar,  and  may  be  de&cribed  aa 
the  combination  of  the  reagents^  with  elimination  of  chloride  of  sodium.  Kolbe  never- 
theless formulates  the  first  product,  dietbylic  lactate,  as  chloropropionie  ether  whcr«in 
the  chlorine  is  replaced  by  biDoxide  of  etfiyl,  but  rencresentJi  the  second,  but)TO -lactate 
of  fthyl,  as  chloropropionie  ether  wherein  the  chJonne  is  replaced  —  not  byhinoxido 
of  bnfyiyl  but — ^by  bntyrji  in  which  binoxide  of  hydrogen  is  substituted  for  an  atom 
of  liydrogen.  The  formuhe  in  question,  retaining  the  atomic  weights  used  by  the 
anthor,  are^— 

C'H'O.C'  I  c.H^' j  tC'0'].0  C'H'O.C'  |  ^  j  H^^)  (^q.  j  [COn.O. 


Dictbj'Ltclacute. 


BulFro-lAL'tate  of  etbjt. 


This  incorrect  use  of  rational  formnlie  caused  Kolhc  to  predict  that  butyro-hictate  of 
ethyl  would  imdei|^  a  deeompositiocu  when  boiled  wifh  dilute  hydrochloric  acid,  dif- 
ferent from  that  which  is  found  actually  to  occur,      (See  Ann.  Ch.  Pharm.  cxiii.  235.) 

We  have  drawn  attention  to  these  examples  of  the  wrong  use  of  formulni,  because  it 
Ib  neoessazy  to  bear  clearly  in  mind  that,  whatever  system  of  rational  formul[e  we  miiy 
prefer,  and  whatever  may  be  our  opinions  as  to  what  can  and  what  ought  to  be  ex* 
pressed  by  them,  the  lun^agc  of  chemical  symbols  obeys  the  same  laws  as  all  other 
languages,  and  ceases  to  have  value  or  meamng  when  dissimilar  expressions  are  used 
to  represent  identical  relations. 

When  it  has  been  ascertained  by  the  study  of  their  reactions,  thai  two  or  more  sub- 
stances are  of  allied  constitution,  there  are  two  ways  in  which  the  relations  between 
them  may  be  expressed  by  rational  formulae*  In  the  first,  or  additive  system^  substancea 
of  similar  function  are  represented  as  containing,  as  a  common  constituent,  the  first  term 
of  the  series  to  which  they  belong,  united  in  each  of  them  to  a  difft'rent  additional  group. 
In  this  system  of  formulsc,  methylic,  et hylic,  find  iimylic  alcohols  would  be  respec- 
tively represented  as  water  combined  with  methylene,  with  ethylene,  and  with 
Amykne :  thna  — 

CH'.Hjo  CH-.Hjo  CH-Hjo 

Metbjllc  alcotiol.  Ethyllc  alcohol,  AmjiSc  deoliol, 

)  formnlsei)  the  constant  constituent  denotes  the  ciiemical  function ;  the  vari- 

ddition,  or  cojpwEa^characterises  the  family  to  which  the  substance  belongs. 

__mulpe  of  the  second  kind  may  be  eallod  suhstiiuiive.    They  are  such  as  those 

nonly  employed  in  this  work.     In  this  system,  a  series  of  allied  bodies  are  not 

ssented  as  containing  the  first  term  as  such,  but  as  derived  from  it  by  substitution, 

^us,  the  three  alcohols  above  raentioned  are  represented  as  derived  firom  water  by  the 

|Stil«titution  of  the  radicles  methyl,  ethTl,  and  amyl  for  hydrogen:  namely*— 

CH-jO  0=H>J,  C-H^jo. 

Mettifllc  ftlcofaoL         Etlijlfc  mlcobot.  Atrtjplic  aJeobot. 

The  earliest  rational  formula  used  in  organic  chemistry,  namely,  thoee  by  which 
,  Dumas  and  Bo u  11  ay  (Ann.  Ch.  Phys,  xxxvii.  16,  1828)  represented  the  constitution 
If  the  componnd  ethers,  were  additive;  and  formuke  of  this  kind  long  remained  in  al- 
Dost  exclusive  use  by  chemists  of  the  French  school.     Similar  formuhe  were  proposed 
'  Mitscherlich  (Aim.Ch.  Phys.  It.  41,  1834  ;  Ann.Pharm.  ix.  39)  for  benzoic  acid 
1  WHne  of  ita  derivatiTM ;  tar  example  — 

~  C^H*0»  -  C"H».CO^     =     C«H*     +     CO* 

'^  ,- — -^  Beflieaa.  Carbookc  aobjdridei 

BeDSole  scidL 
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CTH-O  —  C^'.CO 


-.     C*H*    +     CO 


Oil  of  bitter  ftlmondf . 

^^ •- ■'       B«u«oe.       Cjranieacld.  ^ 

All  micli  formnln?,  however,  wtre  rejected  hj  Berz«liiis  and  hh  foIIowerR,  on  Urn 
grotyjd  tbat  tliey  rf presented  a  mode  of  combination  uukuown  m  mineral  chemijBtijr 
(tsee  P'>gg.  Ann,  xlvii.  289,  1838) ;  until,  in  order  to  be  able  to  represent  the  coostitQ- 
tiou  of  tricliloracetic  (Mud  as  in  bonuouy  with  the  electro-chemical  theoix,  Beri«Itui 
himitelf  {Lthrft.  d.  Ckemw,  6**  Aufl.  i  709)  gtivo  &n  additive  formuk  to  ftcelic  ac34 
repreflentuig  it  hb  oxalic  acid  modi£i?d  by  the  copula  methjl ;  thus — 

and  the  same  idea  waa  extended  by  K  olb  e.  in  184S  (Handwortcrb*  iii,  177  [utide, 
Fonneln,  chtmisehel ;  also  Ann,  Ch.  Phann.  ]xt,  288),  to  the  whole  series  of  acidj 
homolpgonji  with  acetic  acid  ;  and  by  Berzelina  to  the  organic  olkaloulB,  which  he  re- 
garded  as  formed  by  the  eomhination  of  ammonia  with  Tariona  copuke. 

It  is  obTiouSt  that  erery  additire  formula  can  be  ca^y  transformed  into  an  eqniT*' 
lent  snb«titutive  formula;  thnA,  for  in«tanco,  Wurtz'a  formula  for  &cretie  ad«i 
(P{C^lP)(P.HO  (Ana  Ch.  Phjs,  [3]  xxx.  602),  which  reprt'sents  it  as  fonnie  add 
wherein  methyl  is  aubstitutcd  for  hydrogen^  is  the  BubstitntiTe  eqniTalent  of  B«neliBs'i 
additire  formala.  All  i^Jationa  of  composition  and  function  can  therefore  b«  cizpfiiwd 
idmoiit  equally  well  in  eitber  systeoL  KeTcrtbelesSi  there  are  some  reaaoos  lor  giviag 
the  prefert^nce  in  general  to  mibstitutiye  formulffi.  One  of  the  most  importaat  i%  Qui 
by  using  the  latter  kind  of  formtilffi',  we  ciiu  represent  entire  aeries  (of  homologanis 
bodies,  for  example)  by  expressions  of  the  same  form,  which  is  not  alwaya  posaiblt 
with  additive  formulflD.     Thus,  if  we  represent  succinic  acid  as  derired  from  two  mole* 

culesofwater  by  the  substitution  of  the  radicle  C*H*0*  for  H^,  h*!^*   ^^  ^^ 

exp(K8a  all  the  homologous  acids  by  similar  formulae ;  for  instance,  malonie  M^d  -* 


but    if    we    write    succinic     acid     thus — 


^IJO',  oxalic  add  -.  ^h^|o'; 
C*H*0«.^|  Qj^  or,  as  two  molecules  of  water  to  which  the  copnhi  C*H»0«  is  added,  it 

becomes  impossible  to  represent  oxalic  acid  by  a  comparable  formula.  Another  »ome- 
whftt  similiif  objection  to  the  use  of  additive  formulm  is,  that  they  are  not  applicable  to 
inorganic  and  orgu^iiic  bodies  alike.  Thus,  althouj^h  w<*  can  easily  express  the  relations 
betweea  methylic  and  ethylie  alcohols,  or  between  ethylic  alcohol,  chloride  of  ethyl, 
and  ethylamine  by  means  of  such  formulie,  we  cannot  indicate  the  relsiboa  which 
exists  between  the  alcohols  and  such  bodies  as  hydrate  of  potaaBtun ;  fimnnhB,  how- 
ever, which  represent  all  these  compouztds  as  derived  from  wuter  by  the  snbetitution  of 
vnrioiis  radides  for  one  atom  of  hydrogen,  render  ihear  mutual  lelationa  at  once  ap- 
parent* 

A  system  of  fortnuhe,  partly  additive  and  partly  suhstitative,  is  employed  hf  Pi^ 
feasor  Kolbe,  One  or  two  specimens  of  his  formula  have  already  been  given  in  this 
article.  The  chief  points  of  difference  between  them  and  the  formula  employed  in 
this  work  are  tbat  oxygen-compoundB  are  employed,  instead  of  hydrogen -compotuids, 
aa  the  types  or  standaMs  of  comparison,  and  that  compounds  containing^  onlv  carboa^ 
hydroffen,  and  oxygen  arc  referred  to  the  typo  CO*  (equivalent  to  CH*  l  insteitd  of  to  the 
type  nffO,  This  mode  of  formulating  nri^anie  compounds  is  an  extension  of  the  views 
advanced  by  Frankland  (Ann.  Ch.  Pharm,  Ixxxv.  364)  regarding  the  constitotion  of 
the  so-called  organo-metallic  bodies,  and  was  in  fact  first  suggested  by  the  last-named 
cht^mist  (see  Proc  Eoy.  Inst,  ii  640,  May  28,  1868),  The  manner  of  representing 
»ome  of  the  most  important  classes  of  compounds,  on  this  system,  will  be  onde^vtood 
from  the  following  examples :  — 


I. 

I 

fH           (C*H^     \ 

c* 

o"] 

i 

0 

0 

Forrole  «cld     Xcrttc  »c(dl 
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IV. 

fH          {   H 
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H      ^ 
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2   ^- 

0 

0 

B 

Mprhylie             fethyUc 

Hydride  of         M 

eth< 

»r. 

cth«r. 

me 

tbjrh         - 

The  acids  of  the  acetic  serifla  are  represented  as  formed  from  carbonic  anhydride 
the  BuhBiitutioQ  of  hydrogen  or  an  alcobol-rudicle  for  one  equivalent  of  oxygen;  tha 

•  A  AttnUnr  formuU  for  acetic  arid  had  been  pr«f lou«1r  luggctted  by  MjUteuccI  (Ann.  Cb.  I*faf«. 
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aldehydes  are  lepreaented  as  farmed  by  the  replacement  <A  one  equivalent  of  oxygen  by 
hydrogen  and  one  by  an  alcohol-radicle,  and  the  ketones  by  the  replacement  of  two 
eqniy^entB  of  oxygen  by  alcohol-radicles.  The  replacement  of  three  equivalents  of 
oxygen  by  hydroeen  or  by  alcohol-radicles  gives  the  simple  ethers,  and  the  similar 
replacement  of  all  the  oxygen  gives  the  aloohol-radides  as  they  exirt;  in  the  firee  state, 
or  their  hydrides. 

There  are  some  relations  of  these  substances  which  can  be  brought  out  more 
distinctly  by  comparing  them  to  a  carbon-compound  as  type  than  by  referring  them  to 
the  types  U'O  and  H^  as  is  done  in  the  formuI»  commonly  used  in  this  work ;  but  the 
use  of  an  oxygen-compound,  such  as  carbonic  anhvdride,  for  this  purpose,  involves  the 
occurrence  of  fractions  of  an  atom  of  oxygen  in  tne  formulae  of  all  substances  repre- 
sented as  formed  by  the  substitution  of  an  odd  number  of  atoms  of  hvdrogen,  or  of  any 
monatomic  radide,  for  its  equivalent  of  oxygen.  This  will  be  seen  oy  referring  to  the 
fbrmulse  of  the  acids  homologous  with  acetic  add,  and  to  those  of  the  simple  ethers  as 
given  above. 

All  the  advantages  of  formulae  of  this  kind,  without  the  inconsistency  of  being 
obliged  to  introduce  half-atoms,  may  be  secured  by  representing  the  compounds  in 
question  as  derivatives  of  the  type  CH^  A  few  examples  will  be  soffident  to  show 
how  this  may  be  carried  out. 

TypeCR\ 
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methyl. 
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inic  acid.          Cj 

ranamide. 

Cjanide  of     Cyanate  of 
methyl.           methyl 

These  formuln  express  very  dearly  the  relations  of  composition  of  the  bodies 
represented  by  them ;  and  if  we  possessed  any  reagent  whereby  we  could  replace  carbon 
by  other  elements,  in  the  same  way  that  chloride  and  sulphide  of  phosphorus  enable 
us  to  replace  o^gen  ly  chlorine  and  sulphur  respectivdy,  the  transiformations  effected 
by  it  would  be  best  represented  by  formula  of  this  kind :  just  in  the  same  sense  that 

the  formulae  ^^"^{o  «  acetic  add,  C«HH).C1 «  chloride  of  acetyl,  best  correspond 

to  the  reactions  produced  by  pentachloride  of  phosphorus.  Comparativdy  few  trans- 
formations, however,  are  as  yet  Imown  which  are  better  expressed  by  formulas  derived 
from  the  type  CH*,  than  hj  those  derived  fifom  the  types  HCl,  HK),  and  H*N,  though, 
intrinsicaUy,  one  set  of  rormube  is  just  as  admissible,  and  just  as  logicsJ,  as  Sie 
other. 

With  regard  to  the  rational  formulae  of  polyatomic  compounds,  another  question  has 
arisen,  wHch  is  one  of  form  rather  than  of  the  meaning  to  be  expressed.  In  many 
diatomic  and  polyatomic  compounds,  a  certain  dissymmetry  of  properties,  if  wo  may  use 
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1 


th«  wtppeasion,  may  ho  obierred ;  that  is,  the  Bame  reaction  can  be  produced 
oftener  with  one  molecule  of  the  Aubetance,  but  it  does  not  tike  plal^e  with  4^xactlT  the 
fiuno  facility  each  time*  Thai,  gljcollic  and  Uctic  acids  contain  two  atoms  of  hj^ 
drogen  capuble  of  being  replaced  by  idoobol^nidideB ;  bot  the  replacomont  of  only  one 
atom  can  be  effected  by  the  ordinary  processes  of  etberiflcatioD«  the  second  atom  oad 
only  be  rf^placed  by  indirect  metms.  In  order  to  express  this  peculiarity  in  tho  fonnolA 
of  tbe^  and  fiimilar  Bubstancea,  aeTeral  chemists  have  adopted  the  ejrpcdietit  of  writing 
one  of  the  roplacBubfe  atoms  as  though  it  were  combined  with  the  remaining  elementa 
differently  from  the  rest     The  following  examples  will  explain  what  ia  meant : 

•*  Bromld*  of  brotn«cJ>yl» 
trlcthf  Uphosphotiiimi.  ** 

/      f(C^*BrY 

1  ^  ]  cm 

H 


Gljcollk  HCid. 


(c^)"jo 


N 


Gljcoctne, 

\  H 

I     H 


!" 


((C*1P0)" 

n]    h 

(      H 


0 


(Wijilkenui  HDd  Hefnlt.j 


(Hafmann.) 


So  lon^  as  snch  formulae  ar<*  underst^xsd  to  be  descriptive  merely,  they  are  perfectly 
■dmiBsible,  and  may  often  be  employed  with  adTontaset  aa  indicating,  more  exactly  than 

the  ordinary  polyatomic  formala&— such  aa  ^  H'[  ^*  "*  ^ycoUic  acid,  ^  H*f  0 

=s  glyeocine  or  glycolamie  acid — the  properties  of  the  substances  to  which  they  in 
usHigued  ;  but,  if  they  are  tjiken  lis  actual  ex pressLona  of  the  peculiarities  of  constitution 
on  which  these  properties  depend,  they  come  to  be  of  qjuestionable  service.  For  the 
unequal  facility  with  which  the  two  replaceable  atoms  of  hydrogen  in  glycollic  add,  for 
instance,  can  be  rephiced,  is  no  proof  that  they  are  not  combined  in  the  aam«  way.  It 
may  very  wel!  be  that  these  two  atoms,  or  even  all  four  atoms  of  hydrogen,  are  per- 
fectly eqiiival^t  to  each  other^  so  long  as  the  original  compound  remains  intact ;  but 
that,  as  soon  as  one  atom  is  replaced  by  another  element  or  radicle,  the  equihlrrinm 
of  the  whole  group  is  modiQed  in  such  a  way  that  the  m'milar  replacement  of  anotber 
atom  cannot  be  effected  with  the  same  ease. 

On  the  other  hiuid^  however*  there  are  facts  which  point  to  a  feal  diffeirenoe  be- 
tween one  of  the  four  unitis  of  combining  capacity  of  an  atom  of  carbon  and  the  other 
three.  Thus,  for  iufitauce,  the  chloride  of  methyl  formed  by  the  action  of  chlorine  on 
marsh-gaa  diElers  in  some  of  its  properties  from  that  produced  by  the  action  of  hydir>« 
chloric  acid  on  m ethyl ic  alcohol,  or  by  the  decomposition  of  trichloride  of  cacodyl ;  a 
fact  which  it  is  difficult  to  explain,  except  hy  supposing  it  to  depend  on  the  dificpent 
position  of  the  chlorine  atom  in  the  two  componnds.  Some  very  intereetiii^  and 
imi^ortant  consequences  of  this  supposition  have  been  developed  by  Butlerow 
(Zeitrtchr.  Oh  em,  Pkirm.  iv.  549);  and  by  Erlenmeyer  (ihid.  v.  18),  Should  it,  on 
further  investigation^  appear  to  be  well  founded,  some  expression  of  the  facts  upon 
which  it  is  bfised  will,  of  coiirse^  have  to  be  given  in  our  rational  formid« ;  and,  in 
formuhe  derived  from  the  type  CH*,  this  may  easily  be  done,  (See  the  formuhE  of 
methyl  and  hydride  of  ethyl,  methylide  of  formyl  imd  hydride  of  acetyl  on  p,  703.) 

In  eotJclusioDt  we  must  men t ion,  for  the  sake  of  thei^r  historical  interest,  the  Syiiopi*- 
ealformulie  of  Gcrhardt  and  Chancel,  altliough  this  mode  of  notation  is  probably  na 
longer  emplojod  by  any  chemist.  These  formulie  may  be  considered  as  abbreviated 
modes  of  writing  the  equations  of  formation  of  the  bodies  which  they  represent.  Thus, 
for  instance,  sulfihobenzidic  acid,  formc^l  by  tbe  union  of  oneroolecuJc  of  snlphnric  aeid 
and  one  molecule  of  benzene,  with  elimination  of  a  molecule  of  water,  may  be  repn^- 

seated  by  the  synoptical  formula  SO***  ]  „'  ,  equivalent  to  the  equation  of  for^ 

mation  SO'C*H*  =  SO*H»  +  C*H'  -  0H^  similarly  sulphobenxid©  may  be  rcpre- 

sented  by  the  synoptical  formula  SO*-' ]„' -,tfTT,_s,   equivalent    to    tli#     expiresBios 

SO'H'  +  2C*H"  -  20HI  The  following  ore  additional  examples,  extracted  from 
Gerhardt  Rod  Chancel's  paper  (Coraptes  rendus  des  travaux  chimiques,  Tii.  &5 ; 
Mafch,  1651),  together  with  the  more  detailed  expressions  to  which  they  are  equivi- 
lent: 


Kamn  of  luiiiimeM* 
Carbamic  acid 

Urea  (carbamide)  . 

Carhanilie  acid 


Sjmoptiail  fwrmulr. 

H 


C0«-»1] 


C0«' 


1 


H.H»-*N 


£qultiii«iit  exprcftlofii;. 

CO^H}    +    H^       -    OH* 


CQ.-,jH.C-H^-^N  QQi^j,   ^  ^^r^  _  Q^ 
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CwbaniHde   .        .  C0«-«|^-^]^  CO>H«  4.2C>H»N  -  20IT« 

Capbovinic  acid      .  CO»-'j^-^S*"*^  CO«H»  +  C«HK)    -  0H« 

Carbonate  of  ethyl  .  ^^'''Jhc»H«-»0  ^^^  "*"  2C*H*0  -20n« 

Urcthane  (carbamate  of  ethyl)       CO»-«Jg;^^*^^  CO»H»  +  C«H«0  +  H«N-20n« 
Acetic  acid    ....         C0«-»|^-^^*^      CO»H»   +  CH*        -  OBP 

Acetone        ....         ^^"■'IhIcH*-'      ^^'^'  "*"  ^^^*      ~  ^^^' 

It  will  be  observed  that  the  formulae  here  ^ven  for  acetic  acid  and  acetone  do  not 
correspond  to  any  process  then  known  by  which  these  bodies  could  be  formed  ;  but,  if 
taken  in  an  analytical,  instead  of  in  a  synthetical  sense,  they  indicate  the  miinner  in 
which  these  substances  are  decomposed  when  distilled  with  alkaline  hydrate*?.  The 
formulse  of  urea,  carbanilio  add,  and  carbanilide,  must  likewise  be  taken  in  an  analy- 
tical sense  merely. 

Each  synoptical  formula  can  obTiously  express  only  one  mode  of  formation  or  de- 
composition of  a  substance,  and  hence  cannot  bo  regarded  as  a  general  expr<  ssion  of 
its  reactions ;  thus,  considering  the  formation  of  benzamide  from  benzoate  of  ammonia 
by  loss  of  water,  and  its^  decomposition  into  benzoic  acid  and  ammonia,  we  may 
represent  it  by  the  synoptical  formula 

(rH«0*-».H»-*N  =  C*H«0«  +  H*N  -  OH', 
or 

^^^iaffS^'  ""  ^^^  +  ^^*  +  H»N  -  20IP. 

but  neither  of  these  expressions  would  indicate  its  formation  by  the  action  of  chloride 
of  benzoyl  on  ammonia.  It  is  probably  this  want  of  generality  which  has  prevented 
formulae  of  this  kind  from  coming  into  general  use. — G-.  C.  F. 

roXBIYX.  CHO. — The  radicle  of  formic  acid  and  its  derivatives,  being  the  first 
term  in  the  series  of  acid  radicles  OH'^-^O.  The  same  term  was  formerljr  applied  to 
the  radicle  CQ:  hence  the  names  chl4}roform,  formonitrile,  &c. ;  but  it  is  better  to 
denote  this  hydrocarbon-radicle  by  the  term  xy/y/. 

rOSmXZAf  FOBMTL  am  ma.  Names  applied  to  the  first  base  obtained 
by  the  action  of  ammonia  on  bromide  of  ethylene,  and  originally  supposed  to  have  the 
composition  CH.H'.N.    (See  Ethtuenb-basbs,  ii  687.) 

FOXmXZWa.  The  name  given  by  Bochleder  (Ann.  Ch.  Pharm.  Ixix.  120) 
to  a  base  which  he  obtained  by  the  decomposition  of  caffeine,  and  supposed  to  have 
the  composition  CH*N.  Wurtz,  however,  showed  (Compt  rend.  xxx.  9),  that  it  is 
nothing  but  methylamina 

TOMMKTIt''DiI9MMtFW%imTfi lim  W  J,     See  Phbxtlaminbs. 

rOBSTBKXTB.  A  white  or  colourless  translucent  chrysolite  occurring  in  small 
crystals  on  Vesuvius. 

FOBBBBZVZC  AOZD.  The  name  given  b^r  Bastick  (Pharm.  J.  Trans,  riii. 
339)  to  the  acid  resin  produced  by  the  action  of  nitric  acid  on  copalin  or  Highgato 
resin  (ii.  21). 

VOmUfaTZTS.  A  variety  of  tetrahedrite  from  Bca^jeu  (Rhone)  and  Val 
Godemar  (Hautes  Alpes),  consisting,  according  to  Mine  (Compt  rend.  Ii.  463;  i 
311),  of  3Ccu»S.2Sb*S«,  together  with  Pb»S  and  Fe'As  (in  the  mineral  from  Beaujeu) 
or  Fe^As*  (in  that  from  Val  Oodemar). 

FOWXasZTS.      CiystaUised   rhodonite   from    Franklin,  New   Jersey.      (See 

RHODOyiTB.) 

FOTAZTB.  A  rock  resembling  syenite,  which  forms  the  mountains  Foya  and 
Picota  in  the  Monchiquc  range  (Algarvia  in  PortugJil),  and  consists  mainly  of  ortho- 
rlase  associated  with  elseolite  and  hornblende,  and  as  accessory  constituents,  titanite, 
hexagonal  pinchbeck-brown  mica,  magnetic  iron-ore  and  iron-pyrites.  Its  structuro 
is  coarse  to  fine  grained,  also  porphyritic.     (Blum,  Jahrb.  Min.  1861,  p.  426.) 

rSACnnUI  or  —  ■■■F^*-"-  The  uneven  or  irregular  surfiice  produced  by 
breaking  amorphous  minerals  is  distinguished,  as : 

Vol.  II.  Z  Z 
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1.  C<mchotda^  when  thff  mioeral  breaks  witb  carred  soTfaees  like  those  of  a  shell : 
this  kind  of  &nchtro  is  seen  in  flint 

2.  Uneven,  when  the  sor&oe  of  firaclure  is  rough,  with  numerons  small  ^lerations 
mnd  depreflvions. 

3.  apHftUry,  when  the  broken  viirCiiee  exhibita  pivtrndin^  points. 

4.  ffackly,  when  the  clemtioos  are  ahaip  and  jagged  as  in  broken  mm. 

The  &acture  is,  for  the  tnoit  part,  of  constant  chanbcter  in  the  sam<«  minenl  spedfs ; 
but  the  s&me  kind  of  fracture,  especiaUj  the  uneTen  and  the  epIint^Tj,  is  common  to  to 
man^  minerals,  as  to  render  these  characters  of  comparatirelj  little  Taliia  in  deter- 
mining  species. 

yaAQARTA,  Strawbtrry.'^Buigtiet  (J,  Pharm,  [3]  ajatL  81,  170)  has 
eixamined  soveral  varietit'S  of  strawberry,  and  finds  that  the  free  acid  Gontitined  in  th*!m 
is  malic  acid,  aud  that  the  sugar  consists  of  cane  sugar,  dextroglncoee  and  herc^Iiicoie 
in  Taijing  proportioos.  The  cane-sugar,  which  is  coutaincd  in  cells  distinct  from 
thoee  which  contain  the  malic  acid,  <^>pears  to  he  the  sugar  ftnt  formed  in  the  ikidt, 
aud  to  be  more  or  less  converted  into  the  other  kinds  of  sugar  donx^  the  oamotie 
mixture  of  the  seremJ  tiqaids  oontaibed  in  the  cells. 

rSd&m&OirmL  A  rock  occurring  near  Los^re  in  the  western  range  of  the 
Cenmufc^s,  wb<»rfl  it  often  traverses  the  granite  and  slates.  It  usuallj  appears  to  ixm- 
sigt  of  a  dark  green  felapathic  baais^  mixed  witb  a  lai^  qnantitj  of  bfonxe'like  mica. 
The  most  ordinary  raiietj  contains  in  100  parts : 


Febpikr 

and  Hies. 
50-0 


AHO> 

60 


3-4 


4-0 


H«0 
15 


IT'S 


Ca*CO» 

3-6 


The  eoostituenta  bracketed  together  seem  to  consist  of  a  mineral  resembling  chlorite 
which  serves  to  cement  togetlier  the  felspar  and  mica ,-  calcspar  and  spathic  iron  are 
also  pivfleut^  but  do  not  appear  to  be  essential  constituents  of  the  formatiua,  (Lan, 
Ann.  Min.  [5]  vi  412.) 

FmAJiCO&XTX.  A  fluorapatite  occurring  in  spherical  aggregations  at  Wheal 
Fraiicis,  near  Tavittock  in  Devon ahire  (L  349). 

Tm^JrOXT^nr.  C«H*0*  (A.  Casaelmann,  Ann.  Ch.  Pharm.  civ.  77;  JahwsK 
d-  Chem.  1857,  p.  622). —A  jellow  CTyBtnllisahlo  colouring  matter,  contained  in  tbs 
bark  of  the  bOTy-bearing  alder  {Rkamnu*  Franpda\  It  is  accompanied  bjr  an 
atuor|ihous  resinous  jellow  substance,  and  occurs  most  abundantly  in  the  baik  of  the 
otd^r  branches,  that  of  the  younger  branches  containing  a  larger  proportion  of  the 
resinous  constituent.  The  yellow  substance,  called  Rhumnoxanthin^  obtained  by 
B  ui:h  ner  (Jahrcaber.  1863,  p.  536)  from  the  root  bark  of  the  same  ahrab  was,  tumora- 
ing  to  Casselmann,  impure  frangulin. 

Prej*aration, — ^L  The  comminuted  bark  is  repeatedly  exhausted  wilh  ammoniacal 
wat4^r  at  the  boiling  heat ;  the  dark  rod  extracts  are  mixed  with  bydioebloric  acid ;  and 
the  slowly-depositing,  brown-^black  precipitates  tbereby  produ^d  are  washed,  and 
treated  at  the  boiling  heat  with  alcohol  of  80  per  centi  with  addition  of  aetitial  aoet 
of  li'iul,  nearly  the  whole  then  dl^olring  and  forming  a  brownish-yi^krw  soluti 
This  Holution  is  further  treated  witli  neutral  acetate  of  lead  to  preeipitat-e  tannu 
&c. ;  the  hot  filtered  liquid  is  mixed  with  water  till  it  becomes  utrongly  turbid,  then 
heated  till  the  turbidity  disappears,  the  liquid  is  left  to  itself  for  a  week;  and  the 
frangulin  which  separates  is  purified  by  repeated  crystal  ligation  from  boiling  alc<:*hol 
— 2.  The  alcoholic  solution^  after  being  filtered  from  the  precipitate  produc«?d  by 
neutral  acetate  of  lead«  is  shaken  up  with  hydrate  or  with  basic  acetate  of  le«d,  the 
precipitate,  which  contjiina  all  the  frangulin,  is  suspended  in  very  dilute  alcohol  and 
decomposed  by  aulphydric  acid ;  the  sulphide  of  lejid  is  exhausted  by  boiling  alcohol, 
which  leaves  the  greater  part  of  the  resinous  matter  undissolved;  the  solution  i» 
diluted  with  water;  and  the  frangulin  which  separates  is  repeatedly  cryBtallised  tram 
alcohoh 

Pure  frangnlin  forms  lemon-yellow  crystjitline  masses  (composed  of  microscopic 
•quaro  plates),  having  a  dull,  silky  lustre,  tsfteless  and  inodorous.  It  molta  at  ab^t 
249°  C,  and  at  the  same  temperature  be^ns  to  Bublimo  with  partial  decoiapoatuiO 
in  golden-yellow  microscopic  needles.  It  is  insoluble  ia  water,  soluble  in  160  fcrfu  df 
warm  alcohol  of  SO  per  cent.,  nearly  insoluble  in  cold  alcohcd,  sparilwlT  aolnble  lA 
boiling  ether,  soluble  in  hot  fixed  oilfl^  benzene,  and  oil  of  turpentine.  When  dried  at 
100^  C,  it  has  tbo  eompoMitiou  indicated  by  the  formuki  above  given. 

Fnmgulin  does  not  appear  to  form  definite  compounds  with  itascs.  It  dissolves  with 
pnrple-red  colour  in  ffM'ri/i>,  and  is  precipitated  yellow  by  acids.  It  ia  not  precipitated 
by  metallic  salts.  Witb  «trcng  sulphuric  acid,  it  forms  at  ordinary  temperature'^  a 
dark-red  solution,  which  becomes  brown  when  heutcd,  and  foom  which  it  is  predpi- 
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tated  by  water.  StroDg  nitric  acid  diBsolyes  it  at  the  boiling  heat  without  decompod- 
tion.  Fuming  nitric  acid  dissolves  it,  with  evolution  of  nitrous  vapours,  forming 
oxalic  acid,  and  if  the  action  has  not  been  too  violent,  or  the  temperature  too  high, 
another  add  called  nitrofrangulie  acid,  to  which  Cassehnann  assigns  the  formula 
C^iTWO*'  or  C*H**N'»0»,  representing  its  formation  by  the  equation : 

8C^*G*    +    28NO»    -    C«H«N»«0"    +    4C?HK)*    +    9H«0    +    18N0. 
Frangttlln.  MltroflranguUc  Oxalic 

add.  acid. 

Hesse  (Ann.  Ch.  Phann.  cxvii.  S49)  suggests  for  this  acid  the  formula  C**H"NK)>*. 

Nitrofrangulie  acid  oystallises  from  its  aqueous  solution  in  small  yellow 
needles ;  from  its  alcoholic  solution  in  long,  silky,  orange-red  needles  grouped  in  stars. 
It  is  inodorous,  has  a  bitterly  astringent  taste;  detonates  when  heated;  dissolves 
bparin^ly  in  cold,  more  abundantly  and  with  daric  crimson  colour  in  boiling  water, 
easily  m  alcohol  and  in  ether.  It  is  scarcely  attacked  by  strong  acids  at  ordinary  tem- 
peraturee.  AlkaUs  dissolve  it  with  violet-red  colour.  SulpSydric  add  passed  con- 
tinuously into  the  aqueous  solution,  colours  it  violet-blue  and  forms  a  precipitate  of 
sulphur ;  the  solution  then  gives  a  violet-blue  precipitate  with  hydrochloric  acid. 

The  solution  of  the  acid  forms  with'  the  salts  of  the  earth-metaU  and  heavy  metals 
predpitates  which  are  generally  of  a  fieiy-red  colour. 

The  nlversalt,  C^WAgN^C^  ciystallises  in  cinnabar-red  needles.  The  copper* 
ealtf  C^WCuH^C^^  is  obtained  as  a  violet-blue  predpitate,  becoming  violet-red  when 
dry.    Both  detonate  with  great  violence  when  heated. 

VRAranroSWflB.  An  oleo-reein  which  exudes  spontaneously  from  the  «pruee 
fir  {Abies  excelsa).  According  to  C  aillot  ( J.  Pharm.  xvi.  436),  it  contains  32*00  per 
cent  volatile  oil,  7*40  resin  insoluble  in  alcohol,  7*40  abietin,  11*47  abietic  add,  and 
6*57  succinic  add  and  extractive  matter.  When  melted  in  water  and  strained  through 
a  doth,  it  forms  Buraundtf  pitch,    {Pereira*s  Materia  Mediea^  4th  ed.  iL  366.) 

The  substance  used  as'  incense  in  religious  ceremonies  i^  Oubanuic  (q.  «.) 

WMAMMJLMM ITM.  A  mineral  comnsting  mainly  of  the  sesquioxides  of  iron  and 
manganese  combined  with  the  protoxides  of  zinc  and  iron.  It  occurs  crystallised  in 
forms  of  the  regular  system,  chiefly  the  octahedron  and  dodecahedron,  also  the  cube, 
icod-tetrahedron  202  (Jig.  180),  and  triakis-octahedron,  20  (Jig.  183),  and  in  combi- 
nations like  figs.  1 94, 1 95, 1 96, 199, 200, 202,  and  others.  Cleavage  octahedral,  indistinct 
It  Ukewise  occurs  masdve,  coarse  or  fine-granular  to  coinpact  Hardness  —  6'6  to 
6-5.  Specific  gravity  «  5*07  to  5*09.  Lustre  metallic.  Colour  iron-black.  Streak 
dark  reddish-brown.  Opaque.  Fracture  concho'idaL  Brittle.  Acts  slightly  on  the 
magnet  lufudble  before  the  blow-pipe ;  when  strongly  heated  on  charcoal,  it  yidda 
oxide  of  dnc ;  gives  the  manganese  reaction  with  borax. 

From  the  mean  of  five  axutlyses  by  Rammelsberg  (Nineralchemie,  p.  169),  it  is 
found  to  contain  25*30  ZnK),  64*51  Fe*0«,  and  13*51  Mn<0«  =  (103-32)  or  4516  iron, 
9-38  manganese,  20*30  due,  and  25*16  oxygen  ( «  100),  whence  Rammelsbeig  deduces 

the  formula  ^^^rjf^*«c^.  ^^<^  ^  of  the  general  form  3MK).R*0«  or  (^«)-|o». 

Franklinite  was  formerly  regarded  as  bdonging  to  the  spinel  group  H'O.RH)', 
with  which,  indeed,  it  agrees  in  crystalline  form ;  but  this  formula  appears  to  have  been 
deduced  from  incorrect  analyses. 

Franklinite  occurs  abundantly  at  Hamburg,  New  Jersey,  near  the  Franklin  fVirnaces, 
together  with  red  oxide  of  iron  and  garnet^  in  granular  limestone ;  also  at  Stirling 
HiU  in  the  same  locality,  where  it  is  associated  with  willemite.  The  attempts  to 
work  it  for  zinc  have  proved  unsuccessful;  but  it  Ib  ground  up  to  a  dark  paint,  and 
used  also  as  an  oro  of  iron.  The  dac  is  said  to  give  increased  tenacity  to  the  iron. 
Franklinite  is  also  said  to  occur  in  amorphous  masses  at  Altenberg.  near  Aix-la- 
Chapelle.     (Dana,  iL  106.) 

WmJLMMm*  C'^H^O*.  (Salm-Horstmar,  Pogg.  Ann.  cvii.  327.~Boehleder, 
ibid.  831.)--A  compound  formed,  together  with  glucose,  by  digesting  fraxin  with  dilute 
sulphuric  add.    (See  FsAxnr.) 

It  separates  fiK>m  the  add  Uquid  in  colourless  needle-shaped  crystals,  or  dendritic 
groups,  and  when  recrystallised  from  alcohol,  forms  rectangular  rhombic  or  six-sided 
tablets.  It  is  inodorous,  but  has  a  slightly  astringent  taste.  It  dissolves  in  1000  pts. 
of  cold,  and  300  pts.  of  boiling  water,  the  hot  concentrated  soluion  having  an  acid  re- 
action ;  somewhat  more  easily  in  alcohol,  and  to  a  slight  extent  in  wann  ether.  It 
melts  at  the  melting  point  of  tin,  without  turning  brown,  and  solidifies  in  the  crystal- 
line form  on  cooling. 

Fraxetin  dissolves  in  strong  stUphurie  acid,  forming  a  bright  jellow  solution,  from 
which,  after  dilution  with  water,  it  separates  in  the  crystalline  form  on  careful  addi- 
tion of  BBimonia.      Hydrochloric  acid  likewise  dissolves  it  without  decomposition. 
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When  thwwn  into  wirie  tUfid,  it  eoloura  the  liquid  nwcessively  dark  riolet,  ^usflt- 
ivd,  ro»e-r««d  and  yellow  ;  but  the  solution  oltimjitoly  becomc>8  colourkitw.  The  aqoeotu 
eolation  of  iriLZjetiD  is  coloun^  yellow  by  ammonia  and  alkaline  carbonaUs,  tdao  Ij 
baryta,  sirontta^  and  lime  ia  the  solid  state,  the  baryta  and  itroDtia  becomutg  comezed 
with  a  red  and  afterwards  with  a  blackish  green  di^posit.  and  the  lime  fint  with  ma 
orange-coloured  and  then  with  a  browniiih  deposit.  The  carbonates  oi  thtb  ^azth- 
metUB  colour  the  solution  of  frajtttin  yellow,  and  give  rise  to  tha  fbrmalioxi  of  *  pre- 
cipitate inaolublo  in  pure  wator,  and  exliibiting  a  green  ftuorosc^niM,  The  aeeiats*  of 
bariwfi  and  strontium  colour  the  BolutioQ  yellow,  and  on  evaporating  it,  &  gnaeo  anb- 
Btaneo  remaiiiB  with  the  cryBtal^.  Nitrate  of  tiller  added  to  the  eolutlon  forma  a  blad: 
cloud;  ferrie  ekhndu  colours  the  liquid  gr«eniah-blae ;  carbonate  ofUad  immazBed  in 
it^  acquiree  a  lemon-yellow  colour.  Fi^xetin  diBaolrea  in  acid  sulphite  of  ammomttm, 
forming  a  solutioa  which  is  merely  coloured  yellow  h^  ammonia,  being  iberoby  diatin* 
guisbcd  from  rritcuktin,  the  yellowish  Bolutiou  of  which  in  add  salphit«  of  anuDOoittili 
asMumes  a  darker  colour  on  addition  of  ammonia,  and  when  subsequently  ababen  up 
with  air,  becomea  blood-red*  and  finally  dark  ludigo-blue.     (E  och  1  ed  e  r,  Gm.  xvi  2-L) 

yUAMflfi  Fatfiin, — A  fluor*>8cent  Bubftt^ince  existing  in  the  bark  of  thei  coatmoii 
ash-tree  {Fraxinm  excelsior^  and  probably  in  that  of  oth^  species  of  JVojttiittf/  slaot 
together  with  ii'^scidin,  in  the  bark  of  the  horse-chestnut  {^Esculus  Btppoeastamum) ;  and 
apparently  of  nil  Bpecice  of  the  genera  JEsculus  and  Pavia.  L.  Gmelin,  in  1&40 
(Ann.  Cb.  Phann.  xxxrii.  362V  &st  obserred  that  a  decoction  of  the  bark  of  tha 
manna  a^h  {Frajdnm  ornas,  L.),  exhibits  a  peeoliar  blue  oolonr  by  reflected  light,  and 
attributeii  this  appearance  to  a  paonlisx  iridesopnt  substance  (Sekillerstoffy  *^fting  in 
the  bark.  Salm-Horstmar  in  1856  (Pogg.  Ann.  xctIL  637)  observed  a  simikr  itp- 
peariLQce  (fluorescence)  in  the  infusion  of  the  ba^  of  Fraxtnuj  excelsior ^  and  in  1S5T 
(Fogg.  Ann«  c  607),*  oe  obtained  the  substance  on  which  this  affect  dependSy  in  the 
separate  state,  examluLxl  many  of  its  properties,  and  gate  it  the  name  of  fraxin«  This 
substance  was  further  cxaniine^l  and  analys^nl  by  Eochleder  (Pogg.  Ann.  cvii.  331 1 
Stoke H  in  1858  (Chem.  Soc.  Qu.  J.  iL  17)  obtained ftom  horseH^eatnut baric,  previously 
known  to  contain  a  sulistanco  exhibiting  a  eky-bluo  fluorescence,  viz.  sscubn  (i.  OO)^ 
another  fluorescent  substance  exhibiting  a  bluish-green  tint,  to  which  he  gave  tha 
name  paviin,  from  the  genus  Favia^  in  all  species  of  which  it  appears  to  exist  in 
greater  abundance  than  in  the  genus  JE»c\dits.  Subsequently,  in  1859  (Chem,Soe  QtL 
J.  xii.  126),  Stokea  sugpisted  that  thia  body,  paviin,  wn»  identical  with  IHxin,  and 
the  corrBCtnesfl  of  this  idea  bsjs  been  demonstrated  by  the  experiments  of  Bochleder, 
who  has 'also  obtained  fraxin  fro-m  hor»^K;hestnut  bark. 

Preparation. — a.  From  the  b;irk  of  Fraxinus  pxcthior.  The  decoction  of  the  baik 
stripped  at  the  flowering  time  ia  precipitat<>d  by  neutral  acetAte,  and  the  filtrate  by 
basic  acet4it^  of  lead  ;  the  btter  precipitate  is  diflused  in  wnt«*  and  decomposed  by 
sulphyilric  acid;  and  the  hquid  iij  evaporated  to  the  crytJtalliHing  point  (Salm* 
Horstmap.) 

k  From  mrse-chrsinttt  bark^l.  T3ie  aqueous  decoction  of  the  bark  is  imxed  when 
cold  with  such  a  quantity  of  a  ferric  salt,  that  on  adding  ammonia  to  a  wirnnL,  ..f  thf 
liquid,  the  precipitate  immediately  aepArates  in  flockSf  and  the  supematai/ 
hi  bits  a  yellow  colour  and  strong  fluorescence ;   the  whole  is  then  pr^  v 

ammonia ;  about  one-fourth  of  the  filtrate  pn!cipitated  by  acetat«  of  lead,  aVoidii*^  411 
excess ;  the  precipitate  immediately  redissolvcd  by  addition  of  acetic  or  of  dilute  nitric 
acid ;  this  solution  added  to  the  rt^maining  throe-fourths  of  the  above-men tio nod  fil* 
trat«  after  the  latter  has  been  aciduIutiHl ;  the  mixture  precipitated  by  ammonia  (A\ 
the  filtrate  with  basic  acetate  of  lead  (H)  i  the  two  precipitates  sepaiately  dissolved  in 
acetic  acid  ;  and  the  filtered  solutions  left  to  crystallise. 

The  solution  of  A  yields  fraixin  (paviin),  and  that  of  B,  aescxdin  (Stokes)i  Fnudn 
or  paviin  may  also  b«  separated  from  a&scuHn  by  its  greater  eolubihty  in  ether,  (i.  60,) 

2.  Horse-chestnut  bark  is  exhnusted  with  alcohol  of  ^5°  Bm. ;  the  filter^  decoetioa 
is  precipitated  by  an  alcoholic  solution  of  neutral  acetate  of  lead ;  the  precipit&te  (con- 
taining fmxin  and  the  tannic  acid  of  the  bark)  is  washed  with  alcohol  «Tiap«nded  in 
waterj  and  decomposed  by  sulphydric  ncid  ;  the  fluorescent  watery  liqaid  is  «Tnporalfl«d 
in  vacuo  over  oil  of  vitriol ;  the  pulverised  residue  is  treated  with  a  small  quantity  «»f 
water  at  0°  C. ;  the  tannic  acid  solution  is  rapidly  separated  from  the  crystals  of 
fiuxin  ;  and  the  crystals  are  purified  by  recrystallisation.     (Rochleder.) 

Propertirs.^YviiJim  crystalHaes  in  tufts  of  yellowish -white  needles  (Salm-Horst- 
mar); in  colourless  crystabj  resembling  thosa  of  sulphate  of  nnc  (Rochleder).     It 

•  Ktn<>r,  In  ims  mfport.  Phmtm.  %\iv.  438>,  Hf  pfwdpilatbg  the  a<inponi  drcocUaQ  ora»(Kh%rk  wftH 
bailc  acelatt  of  Ic^,  and  era^Ktraling  the  fittrat*',  ftbtaln«.i  hitter  prl*int,  rvgaMtnl  by  him  ^     -  '  ,,,J 

diitliniiiUvi  bf  liijchn*r  M  rraxintnr.     Rochleder  anl  Rrhwarf  (Ann.  Ch.  Pharm  , 

by  th«?  tamir  urac^tt,  nMnJned  a  hiitiT  bm*nl»h  yc]}ow  extract  cnntAir»lnitneedl<?^hap«!d  l  h* 

when  punlled.  provt-U  tn  he  tiothln^  hut  inaniUl«f,i  rci»ult corf oburated  by  Sttohoui^c  (1;,...  ,*.„      uj 
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FRAXININE  —  FR  AXINUS.  70D 

18  inodorous,  but  has  a  slightly  bitter  and  afterwards  astringent  taste.  It  dissolves 
sparingly  in  cold,  easily  in  hot  water,  sparingly  in  cold,  moderately  in  hot  alcohol ;  and 
is  separated  from  the  alcoholic  solution  by  animal  charcoal ;  insoluble  in  tther  (Salm- 
Horstmar),  more  soluble  in  ether  than  sesculin  (Stokes).*  The  concentrated 
aqueous  solution  is  yellow  and  has  an  acid  reaction  ;  when  largely  diluted,  it  exhibits 
by  daylight  a  strong  blue  fluorescence  (blue-green  according  to  Stokes,  who  moreover, 
finds  that  the  optical  properties  of  fraxin  froia.  ash-bark,  and  of  paviin  from  horse- 
chestnut  bark,  are  absolutely  identical).  The  fluorescence  is  increased  by  the  presence 
of  a  trace  of  alkali,  but  disappears  on  addition  of  acids.  The  alcoholic  solution  is  like- 
wise  fluorescent  (Salm-Horstmar). 

The  aqueous  solution  is  coloured  sulphur-yellow  by  alkalis,  the  crystals  also  turning 
yellow  in  air  containing  ammonia ;  it  is  coloured  green  by  frrric  chloride,  and  then 
yields  a  lemon-yellow  precipitate ;  it  likewise  forms  a  yellow  precipitate  with  acetato 
of  lead.     (Salm-Horstmar.) 

Fraxin  (from  ash-bark)  melts  at  a  gentle  heat  (Salm-Horstmar),  at  320<^  C. 
forming  a  red  liquid  (Rochleder)  and  solidifies  to  an  amorphous  mass,  which,  ac- 
cording to  Rochleder,  dissolves  in  water  with  orange-red  colour.  At  a  higher  temper- 
ature, it  decomposes,  yielding  a  crystalline  sublimate,  soluble  in  water,  and  forming  a 
solution  which  becomes  yellow  and  fluorescent  on  addition  of  ammonia. 

Fraxin  digested  with  dilute  sulphuric  acid  is  resolved  into  glucose  and  fraxetin. 
The  equation  which  represents  this  decomposition,  varies  of  course,  according  to  the 
formula  assigned  to  fruxin,  which  cannot  be  considered  as  definitively  settled.  Roch- 
leder, fix)m  his  first  analyses  of  fraxin  (from  ash-bark)  dried  between  100°  and  120®, 
assigned  to  it  the  formula  C^W^O"  or  C*H*K)*',  and  represented  its  decomposition 
under  the  influence  of  acids  by  the  equation : 

C«H«K3"  +  H«0  =  2C"H»0»  +  2C«H»0«. 

Fraxin.  Fraxetin.  Oiucoce. 

Wurtz,  however  (R^p.  Chim.  pure,  i.  473),  concluded  from  Rochleder*s  own 
analyses,  that  its  formula  was  most  probably  C^jfiPO**  or  C^'H^O",  according  to 
which  its  decomposition  would  be  represented  by  the  equation: 

C"H*^0"  +  H«0  =  C'»H"0«  +  CH"©*. 
More  recently,  Rochleder  (Pogg.  Ann.  cvii.  331)  from  the  quantity  of  glucose 
yielded  by  the  decomposition  of  fruxin  (from  horse-chestnut  bark)  concludes  that  its 
formula  is  C*'H**0",  its  decomposition  taking  place  as  shown  by  the  equation : 

C"H*0"  +  3H*0  =  C'»H"0«  +  2C«H>K)«. 
See  foot-note,  p.  708. 

A  name  applied  by  Mouchon  (Vierteljahrs.  per  Pharm.  iii.  433^ 
to  the  dried  extract  of  ash-leaves,  previously  precipitated  by  basic  acetate  of  leaa 
and  freed  from  excess  of  lead  by  sulphydric  acid.     It  is  not  a  definite  substance. 

TKAZZlfUS.  The  dried  leaves  of  the  common  ash  (Fraxinus  excelsior)  contain, 
according  to  Spren'gel  (J.  f.  okonom.  Chem.  viL  269)  39*3  per  cent,  of  substances 
soluble  in  water  (tannin,  &c),  42*3  per  cent,  matter  soluble  in  dilute  potash,  also 
wax,  resin,  woody-fibre,  &c  and  6-22  per  cent.  ash.  According  to  Garot  (J.  Pharm. 
[3]  xxiv.  308)  the  leaves  contain  a  large  quantity  of  malate  of  calcium. 

The  soft  white  wood  of  the  same  tree,  of  specific  gravity  07  to  0*9,  yields  2*3  per 
cent,  ash  (MoUerat),  0-66  (Sprengel). 

The  following  is  the  composition  of  the  ash  of  the  wood  and  leaves,  according  to 
Sprengel's  analysis. 

K«0      N««0    Ca»0    Mg«0    AHO»  Fc^'o*      Mn^QS   S0»    P«0»     SIO»     Q 

Leaves       .    22-2         1-6       60-3       63  0-02    ^       6*1        66       2*3       8-9-  99*3 

Wood        .    220       34-3       23-1        6-8        3*3  16  31        1-5        33       2*0sl(X}*0 

The  existence  of  a  fluorescent  substance^  fraxi  n,  in  ash  bark  has  been  noticed  in  a 
preceding  article.  The  aqueous  decoction  of  the  bark  exhibits  the  blue  or  blue-green 
fluorescence  due  to  fruxin ;  the  alcoholic  extract  exhibits  a  blood-red  fluoreicence  from 
admixture  of  chlorophyll  with  the  fruxin.    (Salm-Horstmar.) 

The  seed  of  the  ash  tree,  formerly  used  oflScinally,  as  Semen  lingtuB  avis,  yields  to 
ether  16  per  cent,  of  an  oil  having  the  odour  of  bugs.  (Keller,  Buchn.  Repert. 
xliv.  439.) 

The  bark  of  the  manna  ash  (Fraxinus  omvs,  L. ;  Omus  europaus,  Pers.)  contains 
manna,  which  exudes  from  it>  partly  spontaneously,  but  more  freely  ftt)m  incisions. 
The  same  bark  contains  a  fluorescent  substance  (L.  6  m  el  in,  p.  708),  probably  fraxin, 

•  This  obs4>rvatlnn  apnlicf  to  fraxin  from  aih-bark,  as  well  as  to  paviin  from  horse-chestnut  bark. 
(Chem.  Soc.  Qu.  J.  xil.  17.) 


FREIBERGITE—  FRUIT. 

and  according  to  Dufour  (Compt,  rend.  U.  31),  euBily  yiekU  ft 
infusion,  ^  ».  ^ 

FRlSXaBRCIZTX*  An  at^<^ntIferoiis  Tariety  of  tetrahiedrite.  (Dftna,  u^  612, j 
l*REZSXiSSmwxXB.  Anttmomai  Suiphurtt  of  Si/ifer.  SekHf^lager^. — ^A  mm*- 
ral  occurring  in  monctclinic  prisms  longitTidinally  striated  and  dearing  parallel  to  <»P. 
Haninefls  -  2—2-6.  Specific  grarity  e-4— «194  (Hani man n),  Luatro  meUUie. 
Cobnr  and  streak  light  Bteel*grey,  inclining  to  nlTer- white ;.  also  bladdah  le«d-grey* 
YieldB  easily  to  the  knife  and  is  rather  brittlo.  Fracture  conchoidal  to  uneren.  Be* 
fore  the  blowpipe  on  cbanKMilt  it  enuts  TOpioaa  white  Tapoun  and  a  alight  enlphiitroaa 
odonr,  depositii  oxide  of  antimony  and  oxide  of  lead  round  the  a&say,  and  finally  kATee 
m  whil«  metallic  globule. 

Analifti't.—l.  From  Iho  HimmolBfilret  mine  near  Freiberg.  S|«ci£c  giurity  6194 
(W  oh  lor,  Fogg.  Ann.  xItI  146],— 2.  Fmm  Hiend©l«iidna  in  Spain*  Specific  grarity 
5-fl — 67  (E«eosurii,  Ann.  Min.  [5]  Tiii*  495)*— 3.  From  2mbkm,  Balieinia  (Payr, 
Jahreflber.  d.  Cbem.  1&90,  p.  746). 

S  «h  Pb  Air  Ctt  F« 

1.  1874         27-38         30-27         22*93         1-23         O'll     -*     lOOiSfi 

2.  17*60         20-83         31-90         22-45         .     ,         .      .     «       ©878 

3.  18*41         2711         3077         2308         .      *         0^8     =     100-06 

Eicnn  the  eecond  unulyBiB,  R a ra meU  b BTg{Mifteralehemie^.  82)  dednees  tlia Ibn&ida 
91PS,4SbvS'  whifh  may  be  snppost^d  to  be  made  up  of  3(2K'S.Sb^)  -^  3M*BJIb*8^  or 
SM*Sb^\2M^Bl:>S',  the  fintt  member  of  wliicli  ia  analogouii  to  BmgiiiaidiCe  and 
Jame»onite,  the  second  to  red  ailT^  ore  and  Boulangcdte. 

Freifilehi-'nit(^  occurs  aleo  wJL  Kapnik  in  TransylTanla  and  at  BatSeboRitz,  th&  on  of 
thi*!  last  region  containing  biBmnta,  acoording  to  Zincken.  An  antimonial  snlphide  of 
«ilvpr  iH  Bald  to  occur  with  natiTO  wlret  and  native  copper  at  the  copper  mines  of 
Michigan.    (Dana,  iL  79). 

ruMnom  BSSKXBS.     See  Ykxxow  Ekuhies  ;  ako  KaAJort^S. 

l*&iarCS  POXiXSH,  A  eiOution  of  sheUac  in  alcohol  8ometime«  aleo  containing 
gum  climi  and  cnpa).    (8«  e  Uns  Dictionary  of  Art^,  &c.,  iL  298.) 

rmXT^^AJtlA  XMFERX^Z*Z8.  CroumlmpertaL— The  bolba  of  this  plant 
are  recommended  by  BaHnet  (CompL  rend,  ixxvii.  408)  aa  a  subetitnte  for  the  potato, 
e#(pecially  aa  a  aoime  of  starch,  of  which  they  contain  a  rather  larger  proportion  than 
the  potato,  as  will  be  seen  by  the  following  table. 

w^.     si-rch.     ^r;.    JSL 

Potato      .         .         .     70     .         .     20     .         *     4     ,         ,6 
Crown  Imperial         .     68     .         .     23     ,         ,     5     •         ,1 

WRSTTt  A  term  applied  to  the  mixture  of  the  materials  for  glnjm  nrnkfr^g,  after  tt 
htiii  Wen  calcined  at  a  heat  not  auficient  to  melt  it, 

rWfUTTm  The  word  fruit,  in  botanical  Lmgnage,  signifies  the  ofTVf  or  seed'^Teaeel 
arrired  at  maturity,  or  in  iU  progreea  towards  maturity  aiter  the  impmnation  of  the 
seed.  Every  fruit  consiKts  of  two  parts,  the  aeed  and  the  p  ericarpv  ue  latter  eoni- 
priiAng  eTerything  that  is  external  to  the  seed,  and  being  formed  of  the  integitnieotd 
of  the  oraiy,  often  greatly  thickened  and  hardened,  together  with  any  parte  of  thi^ 
flower,  snch  as  bracts,  calyxes^  &c.  that  may  remain  attached  to  the  oraiy  after  impfeg^ 
nation..  The  pericarp,  moreover,  ronsists  of  three  parts,  the  epiearpv  which  is  tno 
rxternsJ  inte>gumeat  or  skin,  the  en  do  carp  or  pntamen,  whioti  is  the  inner  eoat  or 
fihcil,  and  the  sarcoearp  or  moftocarp,  intermediate  between  the  other  twoii  and 
generally  having  a  more  or  lees  fl^by  consistence  ;  it  is,  in  ^bct,  the  sarcocarp  which 
forma  the  fleshy  or  pnlpy  mass  of  those  sueculent  friiits,  snch  aa  the  apple,  pesa^  peach, 
plnm,  gmpe,  &c.,  to  which  the  term  fruit  is  mostly  a|q>]ied  in  ordinaiy  langnage. 

All  part^  of  the  flower  are  modiflcations  of  the  leii^  the  ovary  in  partionlar  being 
made  up  of  u  leaf  op  a  nnmber  of  leaves  folded  or  rolled  up.  Hence  it  flumj  be  ex- 
piated that  the  fruit  in  its  early  stages  of  development^  will  have  much  the  same  dieai]- 
dil  composition  as  the  leaves  themselves,  and  will  be  acted  upon  in  the  same  manner 
by  external  agencies.  Urtripe  &uits  are,  in  fact,  almost  always  men,  audi*  like  Other 
green  part«  of  the  plant;  decompose  the  carbonic  acid  of  the  air,  uberating  the  oxygen 
and  itMiimilating  the  carboUf  and  forming  within  their  cells  a  variety  of  componnda, 
some  soluble  in  water,  such  as  vegetable  adds,  gum,  and  sugar,  others  insoluUe,  such 
as  ceUuloee,  pectose,  and  starch  ;  at  the  same  timt»  they  take  up  a  certain  amount  of 
inorganic  Biilts.  During  the  whole  of  this  stage,  the  fruit  increases  rapidly  in  bulk 
and  weight  But  a»  it  approaches  maturity,  it  lo«es  its  green  colour,  becoming  brown, 
yellow,  or  red,  and  then  no  longjer  acta  on  th*j  air  like  the  leaves,  but  on  the  contimfy 
absorbs  oxygen,  which  unites  with  a  portion  of  the  carbon  and  hydrogen  of  the  fruit, 
converting  them  into  carljonic  add  and  water,  wlwh  are  given  off.  In  this  latter 
stage,  indeed,  the  fruit  undergoes  a  slow  combii*tion,  several  of  the  proximate  princi- 
ples which  it  coDtiiins  in  the  unripe  st44te,  chie%  the  vegetable  acids  and  tanmn,  being 
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thereby  burnt  away,  so  that  the  frait  becomes  less  sonr  and  astringent ;  at  the  same 
time,  the  starch  in  the  cells  of  the  fruit  is  transformed  into  su^ar,  and  the  insoluble 
pectose  into  pectin  and  other  soluble  substances  of  allied  composition,  and  baring  more 
or  less  of  a  gelatinous  character.  It  is  in  this  state  that  the  fruit  is  generally  eaten ; 
if  left  for  a  longer  time  on  the  tree,  and  in  many  cases  by  mere  exposure  to  the  air 
after  femoral,  it  undergoes  a  further  oxidation,  by  which  the  sugar  and  the  remaining 
acid  are  likewise  destroyed,  so  that  the  fruit  becomes  insipid ;  in  this  state  it  is  said  to 
be  orer-ripe.  After  a  still  longer  time,  the  cellulose  itself  is  attacked,  so  that  the 
pericarp  is  ultimately  destroyed  and  the  seed  set  at  liberty. 

The  diminution  of  acidity  in  fruits  as  they  ripen,  is  sometimes  attributed  to  neu- 
tralisation of  the  free  adds  br  alkalis  conrered  to  the  fruit  by  the  sap ;  the  sour  taste 
is  also  said  to  be  masked  by  the  sugar  and  gelatinous  substances  dereloped  in  the  course 
of  maturation.  The  latter  explanation  is  doubtless  true  to  a  certain  extent,  but  with 
regard  to  the  former,  direct  experiments  by  Decai  sne  and  Fr  6my  hare  shown  that  the 
proportion  of  mineral  bases  does  not  increase  as  the  fruit  ripenfl|,  but  that,  on  the  other 
hand,  the  proportion  of  acid  in  the  ripe  fruit  is  always  less  than  in  unripe,  the  decreaoe^ 
as  already  obserred,  being  due  to  oxidation.    (Pelouze  et  Fr^my,  Traiti,  ir.  361.) 

The  following  analyses  by  B^rard  {Ghnelin*»  Handbuck,  riii.  [1]  154)  of  fruits  in 
the  ripe  and  unripe  stiEite  —  which  must  be  regarded  as  merely  approximate — confirm 
in  a  general  way  the  riew  of  the  ripening  process  abore  giren,  showing  that,  as  the 
fruit  ripens,  the  sugar  increases,  the  gum  sometimes  increases,  sometimes  decreases, 
'  the  woody  fibre  increases  to  a  certain  extent  absolutely,  but  diminishes  relatirely  to 
the  wei^t  of  the  entire  fruit  With  regard  to  the  relatire  quantity  of  acid  in  the 
ripe  fruit,  B^rard's  analyses  show  an  increase  in  most  cases,  which  is  contrary  to  the 
results  obtained  by  Fremy ;  the  latter  are  doubtless  the  more  trustworthy  of  the 
two. 

Compoiition  of  ripe  and  unripe  Frtdt,    (B  ^rard.) 


f          -   -■■ 

Summer  PeachM. 

Oreengaget. 

Aprkou. 

nnrlpe. 

ripe. 

unripe. 

ripe. 

unripe. 

somewhat 
riper. 

ripe. 

Chlorophyll      . 

0-27 

0-0 

0-03 

0-08 

0-04 

003 

Yellow  colouring  matter   . 

.     . 

. 

.     . 

,     . 

.     . 

, 

010 

Sugar        .... 

0-63 

11-61 

17-71 

24-81 

trace 

6-64 

16-48 

Gum         .... 

4-22 

4-86 

6-53 

206 

410 

4-47 

612 

Woody  fibre      . 

301 

1-21 

1-26 

1-11 

3-61 

2-63 

1-86 

Nitrogenous  matter  . 

0-41 

0-93 

0-46 

0-28 

0-76 

0-34 

017 

Malioacid 

1-07 

110 

0-46 

0-66 

2-70 

2-30 

1-80 

Lime        .... 

008 

006 

trace 

trace 

very 

small  quantities  | 

Water       .... 

90-31 

80-24 

74-67 

71-10 

89-39 

8i-49 

74-87 

10000 

10000 

100  00 

10000 

100-60 

100-80 

100-40 

100  pts.  of  unripe  summer  peaches  were  estimated  to  yield  179  pts.  ripe  fruit 
100  pts.  of  unripe  greengages  were  estimated  to  yield  129  pts.  npe  fruit 
100  pts.  of  unripe  apricots  wore  estimated  to  yield  200  pts.  ripe  fhiit 


Cherries. 

Pears.                    1 

unripe. 

ripe. 

onripe. 

ripe. 

hard     1    soft. 

OTer>ripe. 

Chlorophyll      . 
Red  colouring  matter 

003 

006 

.     .        008 1     0-01 

004 

not  exactly  determinell 

Sugar       .... 

0-62 

6-24; 

1-12 

1812 

6-46 

11-82 

8-77 

Gum 

1-36 

0-78 

601 

3-23 

3-17 

2-97 

262 

Woody  fibre     . 

8-46 

801 

2-44 

112 

8-80 

2-19 

1-86 

Nitrogenous  matter  . 

1-07 

0-86 

0-21 

0-67 

0-08 

0-21 

0-23 

Malic  acid 

1-80 

2-41 

1-76 

2-01 

0-11 

0  08 

0-61 

Citric  add 

012 

0-31 

lime 

0-24 

0-29 

0-14 

010 

0-03 

004 

trace 

Water 

86-41 

81-10 

88-28 

74-86 

86  28 

83-88 

62-73 

• 

100-00 

100  00 

100-00 

10000 

100-00 

100-00 

76-86 

In  the  gooseberries,  the  seeds  as  well  as  the  pulpy  matter  are  included  in  the  woody 
fibre.    The  hard  pear  was  ripe,  and  analysed  immediately  alter  it  was  plucked ;  the 
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ikoft  p^ATwa^of  the  name  yari »?ty,  and  had  been  k**pt  for  smme  time  expoi«d  to  tlie 
the  oxyfj^en  of  which  it  had  conTertctl,  without  change  of  toIuidc,  into  carbonic 
losing  at  the  aamc  time  07 7  por  cent,  caibon  and  becoming  ridlier  in   aiigar 
poorer  In  gum  and  woodj  fibre.     The  over-ripe  pear,  aUo  of  the  Hune  Tsrie^,  hai. 
Wo  kept  till  ita  w^ht  wm  reduced  from  100  to  76*86  part». 

A  rtsy  important  port  of  the  ripening  proecas  in  sueciUent  fruits,  auch  u  tiie^ppl^ 
wmt,  plum,  gnp^i  &^i  those  tn  (ihort  to  which  the  term  fruit  i«  applied  in  ordinary 
limfniag<N  consiMa  in  the  gradoal  traoafoniutioa  of  subatancea  of  the  pectous  grensp* 

Unripe  fruita  rootjiin  pectose,  ft  aubstaiioe  inaolxiblo  in  -valcr,  aloo1!iol«  And  ether; 
whirh,  by  the  action  of  the  addain  the  fruity  and  of  a  peculiar  fenneat  ciJled  peetaae, 
in  gn-iidimlly  tnuuformcd  into  other  aabstanoea,  pectin,  pectic  acid,  pecloaicaczd, 
Sccl,  till  soluble  in  water,  poiseosins  more  or  less  of  a  gelatinous  chanict«r,  and  diiTenag 
in  composition  from  pectose  only  by  contalniiig  one  or  more  molecules  of  wat«r  in 
uddition.  The  first  chanfro  app^rs  to  consist  in  th«  oonvenion  of  the  pectoae  iniio 
pectin  aod  parapectin  by  the  action  of  the  acida  (chiefiy  citric  and  malic)  of  the  finiit 
under  the  infiuence  of  heat,  the  fruit  at  the  aame  time  losing  its  hazdnessi  As  the 
process  of  ripening;  advances,  the  j>cctin  and  parapectiD  likewiae  diaappe&r,  being  coo* 
verted succciisivflly, by  the  action  of  pectAse,  into  pectoaic,  pectic,  i&nd  metapectie 
acids.     Owr-riptJ  fruits  always  contain  metnpectic  acid,  without  a  ir&c^  of  pectin. 

The  conversion  of  the  starch  of  the  unnpo  into  the  sug^  of  the  ripe  fruit  is  ei&eted 
partly  by  the  citric  and  malic  acids,  pailly  by  the  mietapeetie  acid. 

Wiion  fruits  are  boiled,  the  formation  of  pectin  takes  place  in  the  i&me  manner  m 
in  the  ripen inp:,  tbo  action  being  likewise  accelerated  by  the  preaeace  of  aeida.  The 
f<>rTnation  of  jelly,  which  takes  place  after  some  time,  dependa  upon  tha  eoaTcnioB  of 
pectin,  by  the  action  of  pK^ctase,  into  pectic  or  peetosic  acid,  or  on  the  •olatioa  of  the 
jeotic  acid  iu  the  salts  of  an  orj^nnic  acid  contained  in  the  fruit.  The  juice  of  goose- 
iK-rries  oftt'n  gelutinises  Tcry  quickly  when  mixed  with  that  of  raspberries ; 
the  latter  is  rich  in  pectjiJ*e,  which  ©inverts  the  pectin  of  the  former  into  ^latinous 
iieJJ,     (FrJ^ray,  Ann.  Ch.  Phys.  [3]  Jtxir.  6 ;  Jahresber.  d,  Chem  1847-8,  p,  807. 

Aceording  to  Buignet  (Ann.  LJb.  Phys.  [3]  Ixi.  230),  the  sugar  of  fruits  is  for 
not  fftim  starch,  but  from  an  iistringewt  substance  resembling  tannin*  w!jich  is  contaiiii*<l 
in  til e  unripe  fruit,  and  diminisbt«  in  quantity  as  the  fruit  ripens.  This  eul>5tanc#'  is 
said  by  Buignet  to  unite  with  lofMne  even  more  readily  than  starch,  forming 
ji  coJourless  insoluble  compound,  which  is  conrerted  by  dilute  acids  into  dextroglncose, 
iil^'titiciil  with  that  formed  from  starch,  Buignet  further  states,  tiat  the  preeeaoe  of 
st4irch  cannot  be  detected  in  any  green  fruit,  excepting  the  bimana,  either  by  io^e 
or  by  the  microscope. 

Pay  en,  on  the  other  hand  (Compt.  rend.  Hii  313),  haa  given  a  method  by  which 
the  presence  of  staivh  in  unripe  fHiits  and  itji  gradual  conversion  into  sn^rsr  may  be 
ea*ily  demonatrated.  A  thin  slice  cut  out  of  the  middle  of  the  fruit  is  washed  with 
water,  (iiid  immersed  in  an  a«|neons  aolution  of  iodine  mixed  with  a  little  alcohol ; 
ii  bine  colour  is  then  immeiliately  produce<l,  varying  in  intensity  according  to  tha 
quantity  of  starch  present.  The  reaction  is,  however,  often  masked  by  the  prraeoce 
o(  coIonriHl  or  colouring  matters,  or  of  siitrogenous  compounds  in  the  fruit ;  moreoTrr, 
the  Mtarch,  when  present  in  very  small  and  only  partially  united  grannies,  quidcly 
loHCs  the  ctjlour  pmducetl  by  iodine. 

TI>e*M^  (^r  sitiiijjir  causes  of  error  may  perhaps  have  led  to  the  negattve  reanlta  ob- 
tiiined  by  Buif^net  as  to  tlie  presence  of  starch  in  uuripe  fruita. 

The  Hu^yiT  of  fniita  conaiata  partly  of  cane-gugar,  C'*IP*0*',  partly  of  inverted 
ttufftiT,  C  IP*0'\  a  Ifljvo-rotatory  uncrystallisabk*  sugar,  identical  iu  composition  mid 
ofitieal  rotafor)'  ftower  with  the  mixture  of  lie vo-  and  dejitro-glncose  produced  fhjm  cane* 
^ugar  by  the  action  of  acids,  or  of  Berthelofs  glucose-ferment  (q.v.).  According  to 
Buignot  {hH\  cii.X  the  cane-sugar  is  formed  fir«t,  and  ii  gradaally  but  in  most  cases 
oTily  partially  tranjtfjrmed,  during  maturation,  into  inverted  sugar,  the  changes  being 
prrKluced,  not  by  the  action  of  acids  (for  the  quantity  of  inverted  sugar  in  difll-rriit 
f^uit*^  Wars  no  proportion  to  the  quantity  of  acid  present),  but  to  a  nitn^genous  sal>- 
atance  resembling  Berthelot's  glueose-fcnnent  obtained  from  yeast,.  This  s.tittemcnt 
respecting  the  conversion  of  the  cane-sugar  into  inverted  sugar  is,  however,  not  quite 
in  accord«uce  with  the  olwervations  of  B e r  t liel o t  and  B u  i g n e t  \Compt.  rend,  li«  1094) 
on  the  formation  of  sugar  during  the  ripening  of  oranges;  from  which  it  appears  that 
the  inverted  sugar  predominQtes  in  the  unripe,  and  the  cane-sugar  tn  the  ripe  fruit, 
and  that  the  weight  of  tho  inverted  sugar  alters  but  little,  whereaa  that  of  the  cone- 
sugar  itH'reiiwes  during  ripening  in  proportion  to  the  weight  of  the  entire  fruit,  as  well 
a«  Uy  that  of  the  juice  and  of  the  «olid  snbatancca  contained  in  it 

The  following  taldo  contains  the  analvf-es  of  a  con'siderahle  number  of  ripe  fruits  by 
Freseniijs,  jindothcrs  working  under  his  direction  (Ann.  Ch.  Pharm.  ci,219;  Jahrw^sl«r, 
d.  Chem,  1857,  635),   The  fruit  having  been  pwissrd  or  saturatetl,  and  the  sCkluUe  and 
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FRUIT, 


lusoltible  portions  Beparfttod  by  stTaining  throtigli  &  eo1axi^eT«  dctf^rmlnAtlons  were 
made  in  sepapjite  poitiona  of  the  former ;  of  the  amonnt  of  dry  substance,  ash,  eo^^w 
(by  me&na  of  Fehling's  »olotioti  of  cupric  oxide  and  soda),  fir*  add  (bj  titradon  vith 
caodOc  soda)f  and  albuminous  Bubetances  (by  dot^rmiDing  the  amount  of  Eiitrogen,  aad 
reckoning  100  pta.  of  albuminous  sabstanecs  for  arery  15'6  nitrogen).  The  inaolnUe 
portion  was  dncd  at  100^  C,  and  the  amount  of  ash  dpt^'rmined ;  when  posaiblev  the 
weight  of  the  stones  or  kernels  was  separately  estiTQut'ed ;  and  a  separate  portiQo  of 
the  insoluble  matter  was  digested  for  some  time  with  dilute  imlpbnnc  acid,  to  '  ' 
mine  the  amount  of  pec  tons  subetanc^  l«ft  undissolTed  by  that  acid. 

The  tu^ar  in  the  tuble  oonsists  of  glucose  and  fimit-sogar  (dcxtro-  aud  IsTO-gtiieoiii. 
the  amount  ot/rtf  acid  is  reduc!^  to  ita  equiraleot  in  malic  acid ;  Oi^tcus  *u&sianci% 
&c,  denotes  soluble  Bubstancea  of  the  pectous  group,  together  with  gum,  ookranog 
matter,  guspuded  fat,  and  combined  organic  acids.  The  ask  of  the  insoluble  poztioti 
IS  already  included  in  the  weight  of  tb©  kernels^  skina,  &c,  and  is  thercifare  plaotd 
witJiin  brackets. 

From  these  anRljaes»  the  following  comparatiTc  c^tLmates  may  be  made  of  the 
afonga  amount  of  sugar,  free  acida,  pectin,  &c.,  in  different  kinds  of  fruit. 

I,  Comparium  qf  Fruits  ojt  to  their  aperofft  Amount  ^f  Bv^&r. 


Peach    . 

Apricot 

Plum,  round  red 
Greengage  . 
MirabellQ 
Raspberry  « 
Bladcberry  . 
Strawberry  . 
Bilberry 


1-80 
212 
312 
3-58 
4  00 
4*44 
6*73 
6-78 


Currant         .....  6*10 

Mu-Hsol  Plum          ....  6  26 

Gooaebeny J'U 

Red  Pear 7<4S 

Apple 8*37 

Sour  Cherry .         .         .         .         ,  877 

Mulbenr      .....  9*19 

Sweet  Cherry        ...  10*7 !> 

Grape   ....,,  14^3 


XL  C€fmpariMn  of  Fruiia  as  to  their  avtrage  Amount  of  free  Add^ 
Equivalent  in  Malic  acid. 
Per  c«»nt- 


Rr'd  Pear 
Mirabellc 
Sweet  Cherry 
Peach  . 
Grope  . 
Apple    . 
Mussel  Plum 
Greengage     . 
Apricot 


007 
0-68 
062 
0-67 
074 
0  75 
089 
0'91 
109 


Bladtbeny    . 
Sour  Cherry  , 
Plum,  round  re<l 
8tmwberry    . 
Billnffrry 
Ooosebeny    . 
Raspberry 
Mulberry 
Currant 


rtd%i6tiioiU 


,     1*19 

.     1*28 

.      I'^O 

.      !-31 

1  34 

l'4o 

1-48 

1-86 

.     204 


IIL  Co7nparuKm  of  Fruits  as  to  thfir  average  Proportion  of  Add^  Sugar, 
Picttn^  Gum^  ^c. 

Pectin, 
Qurn,  SiC. 

314 

636 

11-94 


Plum*  round  red 
Apricot  , 
Peach     . 
Haspbcrry 
Currant . 
Greengage 
Blackberry 
Bilberry . 
Strawberry 


Add. 
1 
1 
I 
1 
I 
1 
t 
1 
I 


Sugar. 
1*63 
165 
2*34' 
2*70 
3*00 
3*43 
3*73 
4-31 
4*37 


0*9  K 
0*07 
1183 
1-21 
0*41 
008 


Add. 


Gooseberry 
Mulbeny 
Mimbelle 
Sour  Cherry 
Mussel  Plum 
Apple 

Sweet  Cherrj' 
Gnipe     . 
RedPeaj 


Sugar. 
4-93 
494 
6*20 
685 
7^3 
11*16 
17-29 
2018 
94*60 


PKaa* 

Cutn,fte. 

076 

110 

B-n 

1*43 
4*35 

sua 

2*76 

203 

44*4U 


IV.  ChmjHtrisen  of  Fruits  as  to  their  average  Proportitm  of  Watery  and  of  StduhU  and 
InsoluUe  ConatitutnU, 


Raspberry 

Blacklierry 

Strawberry 

Plunit  roiini 

Currant 

Bilberry 

Gooftobfrry 

Hirtibelle 

Apricot 


rod 


Water. 
100 
100 
100 
100 
100 
100 
100 
100 
100 


Soluble. 

9*12 

9*26 

9*39 

9-74 

11*00 

12*0.5 

12*18 

1304 

13-31 


688 

€-46 
51o 
0-87 
6  OS 
16  91 
Sfi7 
1*53 
207 


Bed  Pear    . 
Peach , 
Mussel  rium 
Sour  Cherry 
Mulberry    . 
Apple. 
Grfspugage  . 
Sweet  Cherry 
Grnpo  * 


Water. 
100 
100 
100 
lf>0 
100 
100 
100 
lOO 
100 


Soluble.  Ioi6luy4< 
U-2d         $54 


14-64 
lfi'32 

16*48 
16*57 
1689 
18-52 
18*61 
22S1 


2-10 
315 
l'3l 
117 
3*61 
1-22 
1*53 
5-81 


FRUIT.  717 

The  -very  small  amount  of  albnminoius  substance  in  fimits  (see  Table,  pp.  713-715) 
shows  that  they  cannot  be  regarded  as  nutritious  articles  of  diet ;  in  fact,  an  egg  weighing 
46  grms.,  and  containing  5  grms.  of  albuminous  matter,  is  equivalent  in  nutritire  power 
to  660  grms.  of  cherries,  690  grms.  grapes,  970  grms.  strawberries,  1260  grms.  apples, 
and  2000  grms.  (or  4jbs.)  of  red  pears.  The  great  excess  of  non-azotiscd  matter  in 
fruits  shows  that  they  possess  rather  the  character  of  so-called  respiratory  food.  In 
this  respect  a  pound  of  starch,  or  about  6'6  lbs.  of  potatoes,  might  l^  replaced  by  6*4 
llw.  grapes,  6*6  lbs.  greengages,  67  lbs.  cherries,  67  lbs.  apples,  7*8  lbs.  red  pears, 
7*8  lbs.  mussel  plums,  9*4  lbs.  gooseberries,  108  lbs.  currants,  12*3  lbs.  strawberries, 
and  12*9  lbs.  raspberries. 

The  value  of  nruit  as  an  article  of  diet  depends,  however,  chiefly  on  its  refreshing 
character  and  agreeable  taste,  on  the  demulcent  qualities  of  the  gum  and  pectin,  and 
on  the  physiological  action  of  the  free  acid  and  alkaline  salts  contained  in  it  The 
eflScacy  of  lemon-juice  as  a  remedy  for  sea-scurvy,  may  be  attributed  in  a  great  degree 
to  the  large  quantity  of  potash-salts  which  it  contains,  inasmuch  as  the  deficiency  of 
potash  in  the  salt-meat^  which  forms  so  large  a  proportion  of  the  diet  of  sea-faring 
men,  appears  to  be  one  of  the  chief  causes  of  that  disease. 

The  agreeable  taste  of  fiiiit  depends  partly  on  its  aroma,  partly  on  a  due  proportion 
between  the  acid,  sugar,  gum,  pectin,  &c.,  and  between  the  water,  the  soluble,  and  the 
insoluble  constituents.  Luscious  fruits,  like  the  peach,  greengage,  and  mulberry,  which 
seem  to  melt  in  the  mouth,  contain  a  very  large  proportion  of  soluble  substances.  A 
due  proportion  of  gum,  pectin,  and  other  gelatinous  substances  serves  to  mask  the 
taste  of  the  free  acid,  if  present  in  rather  large  proportion  as  compared  with  the 
sugar.  Such  is  the  case  with  the  peach,  apricot,  and  greengage  (Table  III.,  p.  716), 
which  contain  but  a  small  quantity  of  sugar  as  compared  with  the  free  acid,  but  a 
large  proportion  of  gum  and  pectous  substances. 

The  very  sour  taste  of  certain  baccate  fruits,  as  the  currant  and  gooseberry,  arises 
from  the  presence  of  a  considerable  quantity  of  free  acid,  with  only  a  small  quantity 
of  gum  and  pectin  to  disguise  it. 

The  proportion  of  sugar  in  fruits  is  largely  increased  by  cultivation,  as  may  be  seen 
by  coifiparmg  the  composition  of  the  wild  and  cultivate  strawberries  and  raspberric^s 
in  the  table  on  p.  713.     (Fresenius.) 

TU€JUBm     See  Sba-weed. 

rvWHAWJTOMm  C"H"N'0'. — A  compound  isomeric  with  ftirfuramide,  and 
obtained  from  fucusol  in  the  same  manner  as  ftirfuramide  from  furfurol,  namely  by  the 
action  of  ammonia ;  but  as  fucusol  is  much  less  soluble  in  ammonia  than  ftirftirol,  a 
larger  quantity  of  ammonia  must  be  used  in  the  preparation,  and  the  two  liquids 
mixed  by  frequent  agitation.  Fucusamide  crystallises  from  hot  alcohol  in  groups  of 
long  needles  ;  its  reactions  are  similar  to  those  of  ftirftiramide.  (Stenhouse,  Ann. 
Ch.  Pharm.  Ixxiv.  289.) 

rvcraZVS.  C**H"N*0".  (Stenhouse,  loc.^cit.) — An  organic  base,  isomeric 
with  fucusamide,  and  therefore  with  ftirfuramide  and  furftirine,  and  obtained  from 
fucui^mide  in  the  same  manner  as  furfurine  fr^m  furfuramide.  When  pure  fticus- 
amide  is  boiled  for  twenty  minutes,  with  moderately  concentrated  potash  or  soda-ley, 
it  molts,  and  is  converted,  without  evolution  of  ammonia,  into  a  slightly  brown  oil, 
which  solidifies  on  coolinff  in  the  form  of  a  yellowish  resin.  This  substance  contains 
fucusine,  but  does  not  yield  that  base  in  the  crystalline  form,  even  by  solution  in 
alcohol  or  ether.  The  best  mode  of  obtaining  the  fticusine  fix>m  it  is  to  digest  the 
mass,  at  a  temperature  a  little  above  its  melting  point,  with  nitric  acid;  cool  tho 
liquid  till  the  resin  solidifies ;  decant  the  solution,  and  leave  it  to  itself  till  the  nitrate 
of  fticusine  crystallises  out ;  purify  this  salt  bv  recrystallisation  firom  water ;  and 
decompose  its  pure  aqueous  solution  with  a  slight  excess  of  ammonia.  The  fticusine 
then  slowly  separates  in  small  laminse  united  in  stellate  groups.  This  form  of  ci^'s- 
tallisation  distinguishes  fticusine  ftx)m  ftirftirine. 

Hydrochlorate  of  Fucusine  is  very  soluble,  and  separates  firom  highly  concentrated 
solutions  in  short  flexible  needles. 

ChloroplatinaU,  C'»H'«N«0«.lICl.Pta«.  —  When  dichloride  of  platinum  is  added  to 
a  cold  aqueous  solution  of  hydrochlorate  of  fucusine,  the  double  salt  separates  in  the 
form  of  a  yellow  crystalline  precipitate ;  but  if  the  solutions  are  mixed  hot,  and 
especially  if  a  little  alcohol  is  added,  broad  four-sided  prisms  are  obtained,  having  two 
wide  and  two  narrow  faces,  and  differing  altogether  from  the  long  needle-shaped 
crystals  of  the  corresponding  ftirftirine-salt 

KUrate  of  Fucusine,  C"H"N*0*.NO*H,  crystallises  from  a  hot  aqueous  solution  in 
long  prismatic  needles  united  in  stellate  groups,  but  when  oystallised  from  alcohol,  it 
forms  large  rhombic  prisms  of  great  regularity  and  peculiar  lustre.  The  crystals 
obtained  from  strong  alcohol  become  opaque  after  a  while,  but  those  which  separate 


ns 


FCCUSOL  — FUEL. 


from  a  weak  alcoholic  aolation  retain  Iheir  transparency.  The  salt  irhen  1ie«ted  to 
100*  0.  qnicklj  betxnnes  colouifed,  and  decomposes, 

0Jtaiate9  of  Fucusine, — ^When  crude  fucuaine  in  digested  with  excem  of  oxalic  ia^ 
and  the  Boltition  filtered  hot,  the  acid  oxalaU,  C'*H"N«0«.CH*<->*.  is  depcv^it^  in  nnaJl 
needle-shaped  crystaJj^t  which  are  generally  coloured  ftt  first,  but  by  repeat^  cryst^Uh- 
sation  and  the  tiAe  of  auimal  charcoal,  may  be  obtained  in  ooloorlew  silky  needloa.  It 
U  not  verj-  soluble  iu  cold  vrnter,  but  dissolves  readily  in  boiling  water  and  in  aleolusl 
The  solutions  hare  a  distinct  acid  reaction. 

The  neutral  oxalate  resembles  the  add  salt  in  appearanoe,  but  is  much  moEre  aoluhle. 


C*H'«^0'. 


XYiiL  122  ; 


(Stenhonae,  PhiL  Mag.  [31 
rhumi.  XXXV.  301;  Ixxiv.  278.) — A  volatile  oil  iBomerio  with  futfaroil,  and 


226; 


Ann.  Ch* 

obtained  by  tnniting  8ea-wocd|  f.y.  Fucus  nudosm,  F. yrsicul^ttUA,  F.  terrattss^  tus. 
with  dilat<}  sulphuric  add  In  the  same  manner  as  bran  ia  tieated  for  the  prtepaiadoD 
of  furfuroL 

The  oil  thu»  obtained  contains  a  large  quantity  of  acetone,  which  may  be  reaof^d 
by  washing  with  water,  redistilling  at  a  lower  temperature^  and  rejecting  the  fitat 
portion  which  passes  over.  It  alao  contains  nn^tafnrfiirol,  or  a  similw  imparity,  ham 
which  it  may  be  separated  by  repeatinl  reetilieation  with  water,  ai*  in  the  purificatioa 
of  farfiiroL  Lastly,  it  is  dried  over  chloride  of  calcium  and  redistilled-  The  qaaotity 
of  facuaol  thua  obtained  from  sea-weed,  is  only  about  a  fourth  of  that  of  tlie  forfiuol 
obtained  &om  bran. 

Fucusol  reeemblf^  fitrfurol  in  most  of  Us  properties.  Wheo  recently  prepared  it  it 
colourless,  but  tume  yellow  and  brown  in  a  few  days,  especially  when  it  containa  metap 
furfuroL  In  the  pure  st-ate  it  may  be  kept  unaltered  for  a  long  time  in  hermetically 
aeided  tubps.  Specific  gravity  1160.  Boiling  point  between  171*^  and  172'^  C.  It  dis» 
Bolvea  in  14  pts.  of  water  at  13°  C.  and  in  12  pts.  of  strong  aqueous  ammonia  at  13  5**. 

Fucusol  is  much  less  stable  than  furfurob  Sulphuric  acid  colours  it  yellowish-browa, 
hydrochloric  acid  ^p«en,  and  nitric  acid  light  yellow  ;  if,  however,  it  contains  metafiir- 
furol,  all  these  acids  eolour  it  purple-red*  Potash-ley  colours  it  yellow  at  first,  bat 
the  colour  afterwards  changes  to  d!ark-red.  It  imparts  a  deen  yellow  colour  to  the 
skin,  and  on  moistening  the  yellow  sfK)ts  with  aniline,  a  rose  colour  is  produced  (the 
sanie  reaction  is  exhibit t'd  by  furfurol).  With  ammonia,  fucusol  forms  focusamide, 
and  yvith  sulphide  of  ammonium  it  forms  thiofuLuaol,  isomeric  with  thiofurfoL 

Moss  iSphfti^nurn)  and  various  species  of  lichen  (CHraria  islanUca^  Usnm,  Eumd- 
lina,  &c.),  distilled  as  iil>ovo  with  dilute  eulphuric  acid,  yielded  an  oil  which  appeattd 
to  be  identiefd  with  fucusol,  inasmuch  as  it  formed  with  ammonia  an  amide  which* 
when  Lreat»^d  with  boiling  potash-ley,  formed  a  difficultly  crystallisable  baae  whose 
platinum-suit  ervstallised  in  the  same  form  ii»  that  of  focusine  (p.  717).  Fero  {It^ris 
aquiihmy  yielded  an  oil  which  appeartnl  to  l>o  intermediate  in  its  propertief  between 
furfurol  and  fucusol,  the  base  formed  by  treating  its  amide  with  potash,  crystallising 
with  fucilit)'  and  in  the  same  form  as  furfurine,  wmle  the  platinnm^alt  RU^aied  tliat 
of  fucuaine.     (S  t  e  n  h  o  u  s  e. ) 


I 


Combustible  ;  ^r^m^/fljf!*-' Although  tliia  term  might  be  correctly  applied 
to  any  substance  capable  of  combustion,  its  applicatioD  is  generally  limited  to  Uioie 
matf^rials  whifh  are  practically  employ ini  for  generating  heat 

The  artificiiil  application  of  beat  for  various  useful  pmposes  appears  to  have  been 
always  a  prominent  feature  of  distinction  between  man  and  the  brute  creation.  In 
remote  ages  the  use  of  fuel  was,  for  the  most  part  restricted  to  the  wanning  of  dwell- 
ings, and  the  preparation  of  food.  Its  indnstrial  amplications  seem  to  hare  been  few. 
In  later  timea^  however,  the  importance  of  the  application  of  heat  in  the  naefol  arti 
hus  been  continually  increasing.  Not  only  is  heat,  generated  by  the  combaatioQ  of 
luel,  the  principal  agent  in  the  extraction  of  metals  from  their  ores,  in  their  sxibaei|uest 
fashioning  into  useful  formis,  in  the  manufacture  of  bricks,  pottery,  and  glass,  and  in 
the  various  ch comical  art«  ;  but,  since  the  invention  of  the  steam  engine,  it  has  become 
the  most  importjint  source  of  motive  power,  in  its  apphcations  both  to  the  indaslzial 
arts  and  to  comrarroiaJ  intercourse. 

With  this  Widely  extended  range  of  utility  in  the  application  of  fuel,  it  natioally 
follows  that  the  chemical  principles  involved  in  its  use  ore  of  much  importance.  The 
general  nature  of  the  phenomena  of  combustion  and  the  development  of  heat  being 
deseribed  under  the  heads  Co iimjSTioii  and  Heat,  it  will  only  be  requisite  hen  to  show 
in  what  manner  the  value  and  applieablUty  of  diJSerent  kinds  of  fuel  are  influenced  by 
the  principles  there  elueidrtted. 

The  different  kinds  of  fuel  are  all  of  vegetable  origin,  either  directly  or  indirectly.  In 
the  different  conditions  of  wood,  p^at,  and  coal,  it  is  the  ligneous  tissue  of  pUmta  thai 
eonstUiites  fuel ;  in  each  of  these  conditions  there  is  a  general  similarity  of  elemantiiy 
composition,  accompanied  by  considerable  differences  iu  the  relative  pmportio&i  of  tha 
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elementary  eonstitueiitfl,  and  by  specific  differences  of  character,  apparently  depending 
more  upon  the  arrangement  of  those  constituents  than  upon  their  actual  amount. 

The  chief  elementary  constituents  of  fuel  are  carbon,  hydrogen,  and  oxygen,  together 
with  a  small  proportion  of  nitrogen ;  and  in  all  kinds  of  fuel  there  is,  besides  these  con- 
stituents, a  greater  or  less  amount  of  earthy  or  inorganic  substance,  remaining  as  ash 
when  the  fuel  is  burnt,  and  originating  partly  from  the  plant-tissues,  partly  from 
their  mechanical  admixture  with  earthy  substances.  The  amount  of  ash  in  fuel 
varies  considerably,  from  less  than  1  per  cent,  to  10,  and  even  20  per  cent,  in  some 
instances ;  but,  on  the  average,  6  per  cent  of  ash  is  as  much  as  there  should  be  in 
good  fueL 

One  of  the  most  important  points  of  difference  between  the  various  kinda  of  fuel 
consists  in  the  amount  of  volatilisable  substance  they  contain ;  and  their  applicability 
for  various  purposes  depends  in  a  great  measure  on  this  circumstance,  as  mu(m  as  upon 
their  respective  capability  of  generating  heat.  Fuel  which  contains  a  large  amount  of 
combustiole  volatilisable  substance,  and  gives  rise  to  a  copious  evolution  of  hydro- 
carbon vapour  and  gases,  bums  with  flame,  while  the  more  purely  carbonaceous  ftiels, 
containing  little  or  no  volatilisable  substance,  bum  without  flame  or  with  only  a  small 
flame.  It  has  been  vexy  generally  considered  that  fUel  which  possesses  the  character 
of  burning  with  the  largest  flame  is  especially  suitable  for  use  in  generating  steam, 
and  for  evaporating,  as  well  as  for  certain  metallurgical  operations ;  while  &e  more 
carbonaceous  kinds  are  generally  found  better  adapted  for  iron  smelting,  and  for  pro- 
ducing high  temperatures. 

The  presence  of  water  in  fuel  is  obviously  objectionable,  whether  it  be  employed  for 
evaporation  or  for  producing  high  temperatures :  for,  in  the  one  case,  the  vaporisation 
of  the  water  contained  in  the  fuel  consumes  an  equivalent  quantity  of  heat,  and  thus 
reduces  the  effect  produced  by  the  fuel ;  in  the  other  case,  the  water-vapour  produced 
tends  to  reduce  the  temperature  obtainable  by  the  combustion. 

The  amount  of  water  in  fuel  may  vary  from  nothing  to  40  per  cent  or  more,  and 
some  kinds  of  fuel  give  rise  to  the  production  of  a  further  portion  of  water  than  that 
which  they  actually  contain.  The  great  difference  between  the  capability  of  fuel  to 
produce  high  temperatures,  according  as  it  contains  or  produces  water  by  combustion, 
has  long  been  known,  and  the  practice  of  kiln-drying  and  of  charring  fuel,  is  founded 
on  the  knowledge  of  this  fact. 

By  charring  or  carbonising  fuel,  the  whole  of  the  water  it  contains,  or  is  capable  of 
producing,  may  be  separated ;  and  though  a  considerable  portion  of  the  carbon  is  also 
volatilised,  partly  in  the  state  of  hydrocarbon  compoimds,  and  partly  as  carbonic  acid 
and  carbonic  oxide,  the  residual  carbonaceous  portion  has,  weight  for  weight,  a  greater 

Xbility  of  producing  a  high  temperature  than  the  raw  fuel,  and  in  some  cases  is 
rwise  more  suitable  for  certain  metallurgical  operations. 

The  extent  to  which  the  volatilisation  of  carbon  takes  place,  in  carbonising  fuel,  de- 
pends greatly  upon  the  mode  in  which  the  operation  is  conducted.  As  a  rule,  the  yield 
of  carbonaceous  residue  is  greatest  when  the  carbonisation  is  conducted  rapidly.  This 
is  the  case  to  the  greatest  extent  with  wood,  which  yields  on  the  average  23  per  cent 
of  charcoal  by  rapid  charring,  and  only  14  per  cent,  by  slow  charring.  In  the  car- 
bonisation of  coal,  the  difference  is  much  less,  and  the  amount  of  coke  obtained,  which 
varies  veiy  much,  depends  more  upon  the  special  character  of  the  coal  used. 

Coal. — This  is  by  far  the  most  important  of  the  materials  employed  as  fuel.  The 
varieties  of  coal  are  very  numerous,  and  the  differences  between  some  varieties  are 
very  marked,  though  on  the  whole  they  are  more  differences  of  degree  than  of  kind. 
According  to  these  differences  in  the  varieties  of  coal,  they  are  generally  divided  into 
three  classes,  viz.  1.  Anthracite ;  2.  Bituminous  coal ;  and  3.  Lignite ;  though,  in 
many  instances,  it  is  not  possible  to  recognise  any  absolute  distinction  between  coals 
commonly  referred  to  different  classes. 

There  is  an  equal  absence  of  any  positive  line  of  demarcation  between  coal  and 
those  more  earthy  combustible  minerab,  termed  shales,  with  which  it  is  usually 
associated  ;  but  from  a  practical  point  of  view,  the  amount  of  earthy  substance  often 
constitutes  a  good  criterion  as  to  whether  any  particular  mineral  be  suitable  for  fuel, 
and  should  consequently  be  regarded  as  coal.  The  determination  of  the  question,  even 
by  this  means,  will  sometimes  be  influenced  by  circumstances ;  thus,  for  instance, 
while  30  per  cent  of  ash  in  a  combustible  mineral  of  this  description,  might  not 
prevent  its  being  usefully  employed  as  fuel  at  the  place  where  it  is  raised,  it  would 
not  be  so  regardwl  for  the  purpose  of  transport  From  a  variety  of  similar  circum- 
atances,  the  application  of  the  term  coal  is  entirely  conventional  A  scientific  definition 
of  coal  is  out  of  the  question. 

Anthracite. — The  coals  belonging  to  this  class  are  characterised  by  contuninff  a 
much  larger  amount  of  carbon  t£in  any  other  varieties,  and  but  veiy  litUe  volatiliaable 
subetance. 
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Anthracite  is  less  readily  combustible  than  almost  any  other  kind  of  fiiel ;  it  requires 
a  strong  draught,  and  must  be  gradually  heated  before  being  thrown  on  the  fire,  other- 
wise it  decrepitates  and  crumbles  to  powder,  which  stops  the  draught  and  canaes  mudi 
waste.  When  properly  burned,  it  generates  a  very  high  local  temperature,  and  is  on 
that  account  especially  adapted  for  melting  furnaces. 

Bituminous  Coal. — The  coals  belonging  to  this  class  are  characterised  by  containing  s 
more  or  loss  considerable  proportion  of  bituminous  substance  capable  of  being  deeom- 
posed  by  heat,  and  yielding  volatile,  oily,  and  gaseous  products.  Some  of  these  eoals, 
when  heated,  undergo  a  kind  of  fusion,  swelling  up  considerably  as  deoompoeition  goes 
on,  and  leaving  a  bulky  porous  residue  of  carbon.  These  are  called  caking  ndt. 
Other  bituminous  coals  do  not  present  this  character ;  but  when  heated,  or  in  bnraing^ 
retain  their  form,  and  split  or  open  up  into  columnar  fragments.  These  are  eommooly 
called  dry  or  freebuming  coals.  The  cannel  coals,  which  properly  belong  to  the  bitu- 
minous dass  of  coals,  behave  differently  from  either  caking  or  dry  coals  when  heated, 
though  they  bum  most  like  the  latter,  and  they  are  especially  characterised  bj  ginsg 
a  very  copious  luminous  flame. 

In  composition,  bituminous  coals  generally  are  distinguished  by  containing  a  larger 
proportion  of  both  hydrogen  and  oxygen  than  anthracite  contains ;  bat  there  is  no  re- 
cognised relation  between  their  specific  characters  and  their  elementary  composition. 
Even  the  property  of  caking  seems  to  be  more  dependent  on  the  oonstitation,  than  on 
the  mere  composition  of  the  coals. 

Dry  or  Freebuming  Coals, 
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T^GNiTB  and  Bbo-wn  Coal Tbo  varioas  kinds  of  combustible  minerals  to  which  thoso 

names  are  applied  are  but  little  employed  as  fuel  in  this  country ;  but  in  the  coloni(>s 
they  are  of  more  importance.  Lignite  and  brown  coal  are  highly  hygroscopic,  and,  in 
the  air-dried  condition,  generally  contain  from  15  to  20  per  cent  of  water.  In  compo- 
sition they  approximate  more  or  less  to  wood. 
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Wood  is  but  little  used  as  fuel  except  in  countries  where  it  is  abundant,  and  whei« 
coal  is  scarce.  The  amount  of  water  in  wood  varies  considerably  according  to  the 
kind  of  wood,  and  the  time  it  has  been  kept.  On  the  average,  air-dried  wood  contains 
about  20  per  cent,  of  water.    The  average  composition  of  iK^od  is 
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Pbat  ;  TuKF. — The  chief  obstacle  to  the  use  of  peat  and  turf  as  fuel  is  the  diflSculty 
of  obtaining  them  in  a  dry  state.  As  thoy  usually  occur  in  bogs  or  mountain  diBtricts, 
they  contain  from  80  to  90  per  cent,  of  water,  and,  even  in  the  ordinary  air-driod  con- 
dition, the  amount  of  water  is  not  less  than  from  20  to  40  per  cent. 

The  term  turf  is  most  correctly  applicable  to  the  more  fibrous  and  spongy  varieties 
of  bog  fuel,  consisting,  in  great  part,  of  musses  that  have  undei^ne  but  Uttle  altera- 
tion of  structure. 

The  term  peat  should  be  restricted  to  those  varieties  in  which  the  ligneous  tissues 
of  the  mosses,  &c,  have  been,  to  a  more  or  less  considerable  extent,  converted  into  a 
compact  mass,  which  is  sometimes  as  pasty  as  moist  clay,  and,  when  air-dried,  pre- 
sents much  resemblance  to  some  kinds  of  coal  belonging  to  the  lignite  class. 

The  appearance  and  texture  of  air-dried  peat  and  turf  present  great  variations  be- 
tween these  two  extreme  conditions,  the  most  important  points  of  difference  being 
the  density  and  the  liability  to  absorb  water.  The  density  of  air-dried  turf  is  some- 
times as  low  as  0*2  or  about  12  lbs.  per  solid  cubic  foot ;  the  density  of  peat  is  some- 
times as  much  as  1-23  or  about  78  lbs.  per  solid  cubic  foot.  Turf  will  sometimes 
absorb  more  than  its  own  weight  of  water,  while  good  peat  will  not  take  up  more  than 
about  10  per  cent 

In  composition  there  is  but  little  difference  between  turf  and  peat  or  the  different 
kinds  of  each,  but  the  amount  of  ash  varies  considerably,  and  is  sometimes  as  high 
as  10,  or  even  20  per  cent 
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Of  the  elementaiy  constituents  of  fuel,  only  the  cazlK>n  and  hydrogen  are  oooibaf- 
tible,  and  capable,  by  their  combustion,  of  contributing  to  the  generation  of  heat 
Consequently,  the  amount  of  heat  generated  by  any  kind  of  fuel,  or  its  calorific  povrr, 
depends  upon  the  amount  of  carbon  and  hydrogen  it  contains.  There  being  no 
absolute  measure  of  heat,  the  calorific  power  of  fuel  can  only  be  estimated  lelatiTely, 
by  comparing  the  effects  produced  by  equal  weights  of  different  kinds  of  fneL 

In  the  combustion  of  hydrogen,  the  amount  of  heat  generated  is  always  the  same, 
but  in  the  combustion  of  carbon,  it  differs  according  to  the  natnte  of  the  compousd 
produced  by  the  combustion.  'When  carbon  is  fully  oxidised  and  conrerted  into  ear- 
r)onic  acid,  the  amouut  of  heat  generated  is  much  greater  than  when  it  is  only  con- 
Torted  into  carbonic  oxide,  so  that,  as  regards  the  use  of  fuel,  carbon  haa  two  degrees 
of  calorific  |)Ower,  corresponding  to  the  two  degrees  of  oxidation. 

The  quantity  of  heat  generated  by  the  combustion  of  hydrogen  is  4*265  tirars 
as  great  as  that  generated  by  the  combustion  of  an  equal  weight  of  carbon  to 
car1)onic  acid,  according  to  the  most  accurate  determinationa  by  Fayre  and  Sil- 
b<;rmann. 

In  expressing  the  calorific  power  of  fuel,  the  amount  of  heat  generated  bj  the  com- 
bustion of  carbon  to  carbonic  acid  is  taken  as  the  standard  of  oompariaon.  This 
calorific  ix>wer  of  carbon  is  expressed  as  a  definite  quantity,  by  the  number  of  parts 
by  weight  of  water  capable  of  being  heated  from  a  given  tempcratore  to  a  tempm- 
ture  1^  higher  (4^  to  6^  C),  by  the  combustion  of  one  part  by  weight  of  caibon. 
This  numerical  expression  of  calorific  power  will,  of  course,  yaiy  aooordiiig  as  the 
thermometric  scale  to  which  it  refers  is  that  of  Fahrenheit,  Centigrade,  orBeanmur, 
and  it  will  vary  in  the  same  ratio  as  the  degrees  of  those  different  scales  bear  to  each 
other. 

Reaiunor.  Centigrade.  Fahrenheit.  cJJrifcJUrr. 
Ratio  of  thermometric  degrees  .        .  0*8  1  1*8 

Calorific  power  of  carbon  .  .      1010  8080       14,644         1-000 

Calorific  power  of  hydrogen        .         .  43,077*5      34,462       62,032         4*265 

In  this  comparison  of  the  calorific  power  of  carbon  and  that  of  hydrogen,  no  parti- 
cular unit  of-  weight  is  referred  to ;  it  merely  indioates  that  a  pound,  a  grain,  or  a  ton 
of  carbon  or  of  hydrogen  will  raise  the  temperature  of  as  many  pounds,  grains,  or  tons 
of  water  from  4°  to  6°  C,  as  correspond  with  the  number  expressing  their  calorific 
power  reHiiectively  for  each  thermometric  scale.  The  unit  of  heat,  or  that  quantity  of 
iu»at  whicli  raises  the  temperature  of  the  unit  of  weight  of  water  from  iP  to  t®+ 1°, 
-will  vary  according  to  the  thermometric  scale  and  the  unit  of  weight  to  which  it  refers. 
According  to  the  Centigrade  scale  and  the  French  system  of  weights,  the  unit  of  hr  at 
is  the  quantity  which  raises  the  temperature  of  a  kilogramme  of  water  from  4®  to  5°  C, 
while  the  unit  of  heat  for  the  Fahrenheit  scale  and  the  British  system  of  weights  is 
the  quantity  which  raises  the  temperature  of  a  pound  of  water  from  400  to  41**  F.,  and 
these  two  units  bear  the  following  relation  to  each  other. 

British  unit  of  heat.  French  emit  of  heat. 

1  »  0-251996 

306832  »  1* 

It  is  important  to  bear  in  mind  these  differences  of  expression,  inasmuch  as  they 
often  have  to  be  t^iken  into  account  in  calculations ;  but  the  expression  of  the  re- 
lative calorific  power  of  carbon  and  of  hydrogen,  as  stated  aboye,  is  not  affected  by 
them. 

Since  the  calorific  power  of  fuel,  or  its  theoretical  fViel  yalnc,  depends  on  the 
amount  of  combustible  carbon  and  hydrogen  it  contains,  it  follows  that,  the  per> 
centage  composition  of  any  particular  fuel  being  ascertained  by  analysis,  it  is  easy,  by 
means  of  the  data  given  for  the  relative  calorific  power  of  carbon  and  of  hydrogen, 
to  calculate  the  relative  calorific  power  of  the  fuel,  that  of  carbon  being  taken  as 
unity.  There  are  three  possible  cases  which  may  obtain  in  regard  to  this  calculation, 
viz.: 

1.  When  the  combustible  portion  of  the  fuel  consists  entirely  of  carbon,  as  in  the 
case  of  coke  or  charcoal,  the  percentage  of  carbon  in  the  fuel  expresses  its  lelatiye 
calorific  power,  as  compared  with  pure  carbon. 

2.  When  the  combustible  portion  of  the  fuel  contains  both  carbon  and  hydrogen, 
the  rehitive  calorific  power  is  found  bv  multiplying  the  percentage  amount  of  hydrogen 
by  4-265  and  adding  the  product  to  the  number  expressing  the  percentage  of  carbon. 

3.  When  tlie  fuel  contains,  besides  carbon  and  hydrogen,  more  or  .less  oxygen,  this 
constituent  must  be  considered  as  already  combined  with  an  equivalent  quantity  of 
either  carbon  or  hydrogen,  wliich  is  consequently  rendered  ineffective  for  generating 
heat.  In  such  cases,  it  is  only  the  surplus  carbon  and  hydrogen,  oyer  and  aboye  the 
quantity  equivalent  to  the  oxygen  in  the  fuel,  that  can  generate  heat  by  combustion. 
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Consequently  the  greater  the  amount  of  oxygen  in  fuel,  the  smaller  will  be  ita  relative 
calorific  power.  The  presence  of  oxygen  in  fuel,  acta  in  a  twofold  manner  in  reducing 
the  calorific  power ;  by  reducing  the  actual  amount  of  carbon  and  hydrogen,  and  also 
by  rendering  part  of  that  amount  inefiective  for  generating  heat 

The  influence  exercised  by  the  oxygen  contained  in  fuel  in  diminishing  the  calorific 
power  will  also  depend  upon  whether  it  is  the  carbon  or  hydrogen  that  is  rendered  inef- 
fective  in  generating  heat,  and  the  conditions  under  which  the  fuel  is  burnt  will 
determine,  in  great  measure,  which  of  these  effects  is  produced. 

Since  in  carbonic  acid,  oxygen  is  combined  with  three-eighths  of  its  weight  of 
carbon,  and  in  water  it  is  combined  with  one-eighth  of  its  weight  of  hydrogen,  the 
quantity  of  carbon  rendered  ineffective  by  a  given  quantity  of  oxygen  would  be  tiiree 
times  as  much  as  the  quantity  of  hydrogen  rendered  ineffective  by  the  same  quantity 
of  oxygen.  According  to  the  older  determinations  of  the  heat  generated  by  the  com- 
bustion of  hydrogen  and  carbon,  which  made  the  calorific  power  of  hydrogen  just  three 
times  as  great  as  that  of  carbon,  the  result  obtained  by  calculation  was  the  same  in 
either  case ;  but  adopting  the  more  accurate  data  afforded  by  the  experiments  of 
Favre  and  Silbermann,  the  result  will  differ  in  some  instances  considerably,  accord- 
ing as  it  is  assumed  that  hydrogen  or  carbon  is  rendered  ineffective  for  generating 
heat. 

The  relative  calorific  power  of  fuel  may  bo  calculated  by  means  of  the  following 
formulae,  in  which  p  represents  the  relative  calorific  power ;  and  C,  H,  0  represent  the 
amounts  of  carbon,  hydrogen,  and  oxygen  in  one  part  of  the  fuel : 

1.  Fuel  containing  onlv  carbon  .         .        .        .        p  a  C. 

2.  Fuel  containing  carbon  and  hydrogen     .         .        |>  «  C  +  4*266  H. 

3.  Fuel  containing  carbon,  hydrogen,  and  oxygen  |^^^  I  C  +  4265  (^H^^O). 

If  it  is  desired  to  express  the  calorific  power  of  fuel  in  heat-units,  the  amount  of 
carbon  and  the  amount  of  available  hydrogen  in  one  part  of  the  fuel  are  to  bo  respec- 
tively multiplied  by  the  numbers  expres>ing  the  calorific  power  of  carbon  and  of 
hydrogen,  and  the  sum  of  the  two  products  represents  the  relative  calorific  power  of 
the  fuel  in  heat-units: 

l.|)=-8080  C.     2.p^  8080  C  +  34462  H.     3.  p  -  8080  C  +  84462  (H-JO). 

In  the  following  table  the  relative  calorific  power  of  several  combustible  substances 
is  given  both  as  calculated  by  the  above  formiuffi  and  as  expressed  in  heat-units : 
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Tho  numbers  in  column  7  are  obtained  by  diTiding  those  in  eolamB  6  by  100,  or 
those  in  column  6  by  180,  upon  the  assumption  that  equal  quantities  of  beat  are 
requisite  for  raising  the  temperature  of  x  pta.  of  water  y  degrees,  or  y  pta.  of  ivater  x 
degrees.  Thus  the  heat  generated  by  the  perfect  combustion  of  one  pound  of  cazbon 
would  bo  sufficient  to  raise  the  temperature  of  8080  pounds  of  water  fiom  4^  to  5^  C^ 
or  of  14,544  pounds  from  40^  to  41^  F.  or  of  80'8  pounds  of  water  from  Uiefreesing  to 
the  boiling  point : 

Qaantltf  of  Incre&se  of  Quantltj  of  Increftfle  of 

water.  temperature.  water.  tenpwracare. 

8080lbs.  X  IOC.         -         80-81bs.       x  lOO*^  C. 


Quantity  of 

locreace  of 

QuasUty  of 

IncreaMof 

water. 

temperature. 

water. 

temper«tur& 

.4,644lbs. 

X          lo  F. 

80-81bs 

X 

ISQOF. 

This  assumption  is  not  strictly  correct,  since  the  specific  heat  of  water  incn^ascs 
slightly  as  the  temperature  increases  beyond  its  point  of  greatest  density ;  but  the  ap- 
proximation is  sufficiently  near  for  ordinary  calculations. 

The  numbers  in  column  8  are  obtained  by  dividing  the  numbers  in  column  7  by 
6'5,  on  the  assumption  that  the  quantity  of  heat  requisite  to  convert  water  at  the 
boiling  point,  into  steam  under  the  ordinaiy  atmospheric  pressure,  is  5*5  times  as  mu<rh 
as  would  be  requisite  for  raising  the  tempeTature  of  the  same  weight  of  wat«r  from  the 
freezing  to  the  boiling  point. 

Whatever  mode  of  expressing  the  calorific  power  af  fuel  may  be  adopted,  it  most  be 
remembered  that  the  results  obtained  by  any  of  the  above  formuUe  are  to  be  considered 
merely  as  representing  tho  relative  quantitiea  of  heat  generated  by  the  combustion  of 
equal  weights  of  the  fuel  and  of  the  standard  with  which  it  is  compared.  The  lesnltA 
so  obtained  do  not  represent  either  the  relative  value  of  fuel,  or  the  thermal  cfibct 
capable  of  being  produced  by  its  combustion. 

The  thermal  e  f  f  e  c  t  of  fuel,  or  the  temperature  of  the  fire,  does  not  depend  solely  on 
the  calorific  power  or  the  ampunt  of  heat  generated  by  its  combustion ;  bot  likcvifx* 
on  the  quantity  and  nature  of  the  products  resulting  from  the  combustion. 

The  total  heat  generated  by  the  combustion  of  any  fuel,  is  communicated  to  the 
products  of  combustion,  which  in  all  ordinary  cases  are  gaseous,  producing  in  them,  at 
the  moment  of  combustion,  a  temperature  determined,  partly  by  the  calorific  power  of 
the  fuel,  and  partly  by  the  nature  of  the  products  of  combustion.  Thus,  for  instance, 
taking  the  simplest  case,  carbon  requires  for  its  combustion  to  carbonic  acid,  2-67  times 
its  weight  of  oxygen,  producing  3-67  times  its  weight  of  carbonic  acid,  the  temperature 
of  which  is  raised,  at  the  moment  of  combustion,  above  the  original  temperature  of 
the  oxygen,  by  the  diffusion  of  tho  heat  generated  throughout  the  carbonic  &cid  pro- 
duced. The  quantity  of  heat  generated  by  the  combustion  of  carbon  is  capable  of 
raising  the  temperature  of  a  quantity  of  water  equal  to  8080  times  the  weight  of  the 
carbon  burnt,  from  4°  to  6°  C,  and  would  raise  the  temperature  of  a  quantity  of  watt- r 
equal  to  the  weight  of  the  carbonic  acid,  produced  about  2202°  C. 

Parts  by  weight  Increase  of  Increase  of  Parts  bj  weieht 

of  water.  temperature.  temperature.  of  water. 

8080  X  1°  C.         a         2201°  -63  C.  x  367 

But  since  the  specific  heat  of  water,  or  its  capacity  for  heat,  is  much  greater  than 
that  of  carbonic  acid,  the  increase  of  temperature  in  the  carbonic  acid  pzx>duced  by  the 
combustion  of  carbon,  is  proportionately  greater  than  the  increase  of  temperature  that 
would  be  produced  in  a  quantity  of  water  equal  to  3  67  times  the  weight  of  carbon 
burnt. 

The  quantities  of  heat  requisite  to  produce  an  equal  increase  of  temperature  in 
equal  weight*  of  carbonic  acid  and  of  water  being  in  the  proportion  of  0*2614  :  1*0000, 
the  quantities  of  heat  requisite  to  raise  the  temperature  of  3*67 pta.  water  and  367 
pts.  carbonic  acid  one  degree  are  therefore  as 

Parts  by  Specific 

weight  of  heat  in 

carbonic  add.  heat -units. 

:       8-67        X       0-2164     «     3*67     :     0794. 
Consequently  the  increase  of  temperature  in  the  3*67  pts.  of  carbonic  acid,  to  which 
the  heat  generated  by  the  combustion  of  1  pt,  carbon  is  communicated,  at  the  moment 
of    combustion,  may  be  ascertained   by  dividing  tho  number  of  heat-units  by   the 
quantity  of  heat  which  raises  the  temperature  of  the  367  pts.  carbonic  acid  one  degree  • 

The  heat  generated  in  the  combustion  of  hydrogen  is  sufficient  to  raise  the  tempe- 
rature of  a  quantity  of  water  equal  to  34,462  times  the  weight  of  the  hydrogen  burnt 


Parts  by 

Specific 

weight  of 

heat  in 

watiT. 

heat-uniU. 

3-67           X           1000 
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from  4°  to  6®  C. ;  but  hydrogen  requires  for  combustion  8  times  its  weight  of  oxygen, 
producing  9  times  its  weight  of  water-vapour.  The  quantity  of  heat  generated  is 
much  greater  than  in  the  combustion  of  carbon  ;  but  the  product  of  combustion  through 
which  that  heat  is  diffused  is  nearly  2i  times  as  much  as  in  the  combustion  of  an 
equal  weight  of  carbon.  A  portion  of  the  neat  generated  by  the  combustion  of  hydro- 
gen, becomes  latent  and  ineffective  for  increasing  the  temperature  of  the  product, 
being  consumed  in  determining  the  vaporous  condition  of  the  water  produced.  The 
latent  heat  of  water,  or  the  quantity  of  heat  requisite  to  convert  1  pt.  of  water  at  100°  C. 
into  steam,  is  637  times  as  much  as  is  requisite  to  raise  the  temperature  of  an 
equal  weight  of  water  from  4°  to  6°  C.  The  quantity  of  heat  that  becomes  latent  in 
the  9  pts.  water- vapour  produced  by  combustion  of  hydrogen,  will  therefore  be  4833 
heat-units,  which  must  be  deducted  from  the  total  heat  generated,  in  order  to  ascertain 
the  quantity  of  heat  available  for  producing  increase  of  temperature. 

Parts  by  weight  of  «»    »      . 

w*l«ivapour.  Heal  units. 

Total  heat  of  combustion  of  hydrogen 34,462 

Latent  heat  of  water  in  heat-units  9  x  537         »  4,833 

Available  heat 29,629 

The  specific  heat  of  water-vapour  being  0*475  as  compared  with  that  of  water 

s=  1*000,  the  quantities  of  heat  requisite  to  raise  the  temperature  of  9  pts.  water  and  9 

pts.  water- vapour  are  therefore  as : 


Farts  by 

Specific 

Parts  by 

weight  of 

heat*  in 

weight  of 

water. 

water-vapour. 

9           X 

1000 

9         X 

Specific 

heat  In 

heat-uoits. 

0*475 


»  9 


4*275 


And  the  increase  of  temperature  produced  will  be  6930°  *7  C. : 

29629 

:^-275- 69300*70. 

Hence  as  will  be  seen  from  the  following  comparison,  thermal  effect  and  calorific 
power  are  not  necessarily  equal ;  but,  on  the  contrary,  the  thermal  effect  depends  upon 
other  circumstances,  more  than  upon  the  calorific  power  of  the  fuel  burnt. 


Carbon 
Hydrogen 

Weight. 

oxygen. 

Ratio. 

Weight 
of  pro. 
ducU. 

RaUo. 

Heat 
units. 

Ratio. 

Thermal 

RaUo. 

1 
1 

2-67 
8 

1 
3 

3*67 
900 

1 

2*4 

8080 
34462 

1000 
4*265 

101740 
6930O 

1000 
0-681 

In  both  these  instances,  the  combustion  is  supposed  to  have  been  effect^  in  oxygen, 
and  with  onl^  just  as  much  as  is  chemically  equivalent  to  the  carbon  and  hydn^n 
burnt  But  in  all  eases  of  the  application  of  fuel,  atmospheric  air  is  the  source  of  the 
oxygen  that  supports  the  combustion.  The  nitrogen  it  contains,  in  the  proportion  of 
77  per  cent.,  not  only  takes  no  part  in  the  generation  of  heat,  but>  on  the  contrary, 
reduces  the  thermal  effect  below  what  it  would  be  by  combustion  in  oxygen. 

In  the  combustion  of  carbon  in  air,  the  quantity  of  nitrogen  in  air  containing  2*67 

pts.  by  weight  of  oxygon  is  8*94  : 

Atmospheric  air. 
O  N 

23    :    77  «  2*67    :    8*94 
The  specific  heat  of  nitrogen  being  0*244,  the  quantity  of  heat  requisite  to  raiae  the 
temperature  of  that  quantity  of  nitrogen  from  49  to  5°  C.  is 

Parts  by  weight  Heat- 

of  nitrogen.  unit. 

2-181      =     8*94  X  0*244 

And,  adding  to  this  the  quantity  of  heat  requisite  fo  rais^  the  temperature  of  the  car- 
bonic acid  produced,  as  found  above,  the  quantity  of  heat  requisite  for  raising  the 
temperature  of  the  whole  producta  of  combustion  in  air  from  4*  to  5®  C.  will  be 

lleat-iinlts. 

2*975     «     2181     +     0-794 
And  the  increase  of  temperature  produced  will  be 

8080  total  heat  of  combustion. 

"^975 


2715°  C.    = 


quantity  of  heat  requisite  to   heat  the  products  and 
nitrogen  from  4°  to  5°  C. 
In  the  combustion  of  hydrogen  in  air,  the  quantity  of  nitrogen  in  air  containing 
8  pts.  of  oxygen  is : 
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Atmocpberlc  air. 
N  O 

26-78    :    8     -     77    :    28 

the  quantity  of  heat  requisite  to  raise  its  temperature  £rom  4^  to  5^  C.  is : 
Heiit-unitB. 
6534     -     26-78      x      0244 

and  the  increase  of  temperature  produced  will  be 


27410C. 
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araihible  heat  of  combustion. 


4*275   +    6*534         quantity  of  heat  requisite  to  heat  the  prodacU 

and  nitrogen  firom  4^  to  5^  C. 

The  difference  between  the  temperatures  capable  of  being  produced  by  the  combos* 

tion  of  carbon  and  hydrogon  in  oxygen  and  m  air  is  in  both  cases  very  considerable; 

but  it  is  much  greater  in  the  case  of  carbon,  since  the  amount  of  heat  generated  by  itii 

combustion  is  much  less  than  that  generated  by  hydrogen. 


Carbon 
Hydrogen 

Calorific 
power. 

Ratio. 

Temperature  produced 
in  oxygen.    Ratio.  |  in  air.     Ratia 

Dilferenc« 

Ratio. 

8,080 
34,462 

1-000 
4*265 

10,1740 
6,930<> 

1000 
0*681 

2715<> 
27410 

1-002 
1009 

74590 
4 1390 

1-000 
0-561 

This  comparison  will  suffice  to  show  that,  in  all  cases  where  high  temperatures  are 
required,  it  weuld  be  a  great  advantage  to  have  an  available  meana  of  increasing  the 
amount  of  oxygen  in  the  air  supporting  combustion ;  and  that»  in  such  cases,  a  very 
great  saving  ef  fuel  might  be  effected  by  the  use  of  oxygen,  or  of  air  containing  k 
larger  amount  of  oxygen  tlian  is  present  in  atmospheric  air. 

There  is  another  circumstance  which  influences  the  temperature  capable  of  being 
produced  by  the  combustion  of  fuel,  and  renders  it  less  than  would  be  indicated  by  the 
above  calculation.  In  the  combustion  of  fael  in  a  furnace,  the  conditions  axe  such  that, 
while  at  the  outside  the  fuel  is  in  contact  with  atmospheric  air,  there  is  within  the 
fnmace,  a  constant  tendency  to  the  production  of  an  atmosphere  consisting  of  carbonic 
acid,  water- vapour,  and  nitrogen.  To  maintain  the  combustion  of  fuel,  it  is  necessaiy 
not  only  to  keep  up  a  continual  supply  of  air,  but  also  to  remove  the  gaseous  products 
of  combustion  as  they  are  formed.  This  is  generally  done  by  means  of  a  oraugfat, 
produced  by  a  chimney  *,  but,  in  any  case,  the  gaseous  products  of  combustion  become 
mixed  with  the  fresh  supply  of  air,  and  exercise  a  great  influence  in  reducing  it3  efficacy 
in  supporting  combustion  (i.  1101).  Hence  it  is  necessary  to  maintain  an  excess  of 
oxygen  in  the  atmosphere  surrounding  the  fuel  within  the  furnace,  and,  for  this  pur- 
pose, the  quantity  of  air  supplied  must,  in  all  ordinary  cases  of  the  use  of  fuo^  be 
greater  than  that  containing  just  enough  oxygen  to  produce  carbonic  acid  and  wator 
with  the  combustible  constituents  of  tie  fuel  burnt.  In  practice  it  is  generallv  con- 
sidered that  the  quantity  of  air  requisite  for  the  perfect  combustion  of  fuel  in  or^naiy 
furnaces,  amounts  to  twice  as  much  as  that  containing  oxygen  enough  to  convert  its 
combustible  constituents  into  carbonic  acid  and  water. 

In  this  way,  the  quantity  of  the  products  of  combustion,  through  which  the  heat 
generated  is  distributed,  is  nearly  doubled,  and  there  is  consequently  a  proportionate 
reduction  of  the  temperature  produced.  In  the  case  of  carbon  burnt  with  twice  as 
much  air  as  would  be  sufficient  theoretically  for  its  conversion  into  carbonic  acid,  the 
gaseous  products  of  combustion  would  amount  to  24*22  times  the  weight  of  the 
carbon  burnt,  and  in  the  case  of  hydrogen  to  80*56  times  the  weight  of  hydrogen  burnt 

Volume  of  air  ParU  bf 

at  600  F.  per  weiflit  of 

pound  of  fuel,  ga«eo«M 

cubic  feet.  product*. 

Carbon  .         .        .     1     .         .     23*22     .         .     303-30    .         .     24*22 

Hydrogen     .         .         .     1     .         .     79*56     .         .     908*62     .         .     80*56 
The  specific  heat  of  air  being  0*2377,  the  quantities  of  heat  requisite  for  raising 
the  temperature  of  these  additional  quantities  of  air  from  4®  to  5°  and  the  tempera- 
tures produced  will  be : 

Combustion  of  Carbon. 
2*7596     -      11*61      X    0-2377     and 

8080 

'*''"/'-      2-7696    X    2-9766    -"^     ^"''"' C.  -      8W2    k    10-8093- 

Hence  it  will  be  evident  that  the  admission  into  a  furnace,  of  more  air  than  is  n»- 

qnisite,  will  be  attended  with  a  proportionate  waste  of  heat,  and  that  it  is  desirable 


Part*  by 
weight 
of  air. 


Combustion  of  Hydrogen. 
8*2672     «       34*78      x     0*2377. 
29629 
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always  to  effect  combustion  with  tlie  least  sufficient  supply  of  air.  If  the  air  be  forced 
into  the  furnace  by  means  of  a  fan  op  blast-pipe,  as  in  a  force,  fuel  may  be  burnt  with 
much  less  air  than  when  it  is  drawn  in  by  means  of  a  chimney,  and  with  greater 
t>conomy  of  the  heat  generated.  This  economy  may  bo  effected  to  a  greater  extent 
with  fuel  which  contains  but  little  Tolatilisable  substance. 

The  general  formulie  for  ascertaining  the  thermal  effect  of  any  kind  of  fuel  from  its 
composition  are  as  follow : 


T     « 


For  Combustion  in  Oxvgpn. 
C  C  -h  c*  H  -  /  W 
8  .  3-67C  +  9H  +  «'W 
For  Combustion  in  Air. 

cc  +  (?'H  -  ivr 


3-67  C  +  9H  +  «'W  +  tf'N  + 


Hero    T  =»  increase  of  temperature  produced  bv  combustion. 

C  and  n  ■»  quantities  of  carbon  and  hydrogen  available  in  1  pt^  by  weight  of 
the  fueL 

TV  =  total  quantity  of  water  yielded  by  1  pt.  by  weight  of  the  fuel. 

/  =■  latent  heat  of  water. 

5,  s'y  «",  «"*  «  specific  heat  of  carbonic  acid,  water-vapour,  nitrogen,  and  air. 

c  and  o'  »  calorific  power  of  carbon  and  hydrogen. 

N  ■■  quantity  of  nitrogen  in  air  necessary  for  converting  combustible  consti- 
tuents of  1  pt.  by  weight  of  fuel  into  carbonic  acid  and  water. 

A  *-  extra  quantity  of  air  supplied  for  combustion. 

The  results  obtained  by  these  formulse  apply  only  to  the  perfect  combustion  of  tho 
combustible  constituents  of  fuel  into  carbonic  acid  and  water ;  and  they  express  tho 
highest  possible  capabilities  of  fuel  as  compared  with  pure  carbon,  and  when  burnt 
under  the  most  favourable -conditions. 

But  in  all  ordinary  cases,  the  practical  effect  obtainable  from  fuel  is  much  less  than 
its  relative  capability  as  indicated  by  calculation.  This  is  the  case  whether  tho  effect 
to  be  produced  be  high  temperature  or  vaporisation  ;  and,  in  some  cases,  tho  practical 
effect  may  amount  to  only  a  small  fraction  of  the  calorific  power  or  the  thermal 
effect. 

One  of  the  most  obvious,  though  hj  no  means  the  most  considerable,  causes  of  tho 
difference  between  the  relative  capability  of  fuel  and  the  practical  effects,  consists  in  the 
waste  of  fuel  as  dust  and  cinders.  "With  some  kinds  of  fuel  that  are  very  brittle,  such 
as  anthracite  and  some  of  tho  Welsh  steam  coals,  the  waste  due  to  this  character  may 
be  very  considerable,  especially  if  the  firing  is  improperly  managed ;  but  with  care  and 
with  some  kinds  of  fuel,  tho  waste  of  fuel  as  dust  and  cinders  mav  be  very  small. 

Another  cause  of  loss  is  imperfect  combustion.  This  may  be  due  to  an  insufficient 
supply  of  air,  and  the  consequent  production  of  carbonic  oxide.  At  a  sufficiently  high 
temperature,  carbonic  acid  combines  with  a  further  quantity  of  carbon,  equal  to  that 
which  it  contains ;  but  this  combination  is  essentially  different  from  the  direct  combi- 
nation of  carbon  with  oxygen.  Though  there  is  a  true  chemical  change,  it  is  not  com- 
bustion, but  is  more  analogous  in  its  effects  to  the  vaporisation  of  ice  by  superheated 
steam.  Instead  of  heat  being  generated,  it  disappears,  and  the  loss  of  heat  resulting 
from  this  action  may  be  very  considerable,  since  the  heat  generated  will  only  be  that 
corresponding  to  the  lower  calorific  power  of  carbon.    Thus,  for  example : 

Hrat.unita. 
The  heat  generated  by  the  combustion  of  carbon  to  carbonic  acid  is  .        .        8080 
While  the  heat  generated  by  the  combustion  of  twice  the  weight  of  carbon  )     ^g^g 

to  carbonic  oxide  is > 

Loss  of  heat  by  production  of  carbonic  oxide 3134 

This  action  will  always  take  place,  to  some  extent,  when  fuel  in  burnt  in  thick 
layers,  and  when  it  is  burnt  very  rapidly  in  confined  spaces,  as  iti  tho  furnaces  of 
steam-vessels. 

Imperfect  combustion  may  also  result  from  tho  presence  of  volatilisable  substance 
in  fuel.  When  fuel  containing  water,  or  volatilisable  combustible  substance,  is  first 
thrown  upon  a  fire,  heat  is  abstracted  from  tho  fire  by  the  production  of  steam  and 
hydrocarbon  vapours.  The  temperature  is  thus  considerably  reduced.  In  the  case  of 
air-dried  wood,  more  than  three-fourths  would  be  thus  vaporised,  and  in  the  case  of 
onlinary  Newcastle  coal,  more  than  one-third,  the  vapour  so  given  off  from  wood  being 
chiefly  water,  and  that  from  the  coal  consisting  chiefly  of  hydrocarbons,  as  shown 
below :  • 
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One  part  by  weight  of         Wood.  CoaL  '"^JfSS**  ~'cSS**~' 

yields  vaporisable  C      .     '1853  -2522  24*38  64*10 

H      .      0083  -0460  110  Il'SO 

HO   .    -5674  -0638  7340  16-20 

N,  &c.  -0090  '0313  110  7*00 

•7700  -3933  100-00  100-00 

Calorific  power  in  heat  aniU    .      1784  3623 

If  the  temperature  in  the  fhmace  is  sufficiently  high,  and  these  rapours  are  mixed 
with  a  sufficient  proportion  of  atmospheric  air,  they  will  be  burnt ;  but  if  the  rolatili- 
sable  portions  were  not  burnt,  the  loss  of  calorific  power  would  be  in  the  case  of  wood, 
more  than  one-half,  and  in  the  case  of  coal  nearly  one-third. 

When  these  hydrocarbon  rapours  bum,  or  come  in  contact  with  highly  heated  fuel, 
they  are  immediately  decomposed,  with  separation  of  carbon  in  a  rery  fine  state  of 
division  ;  and  if  the  temperature  of  the  atmosphere  within  the  furnace,  be  insufikient 
to  determine  the  combination  of  the  whole  of  this  carbon  with  oxygen,  some  of  it 
escapes  unbumt,  producing  smoke  and  soot.  In  a  flame  of  this  kind,  which  bunu 
without  smoke,  the  deposition  of  unburnt  carbon  is  immediately  effected  by  reducing 
the  temperature  of  the  flame,  as  in  holding  a  piece  of  cold  metal  in  a  gas-flame. 

Then  since  the  combustion  of  these  vapours  in  a  boiler  furnace  takes  place  just  as 
the  burning  vapour  is  passing  away  from  the  fire,  along  the  surface  of  the  boiler 
towards  the  chimney,  the  abstraction  of  heat  may  be  sufficient  to  reduce  the  tempera- 
ture of  the  mixed  gas  below  the  point  at  which  it  would  be  capable  of  effecting  the 
combustion  of  the  suspended  carbon.  The  carbon  thus  eliminated  by  the  decomposi- 
tion of  the  hydrocArlwn  vapours,  and  that  prevented  from  being  burnt  in  consequence 
of  the  cooling  of  the  burning  gas,  is  partly  deposited  as  soot^  and  partly  swept  away 
mechanically  by  the  gaseous  products  of  combustion,  giving  rise  to  smoke. 

The  tendency  to  the  production  of  soot  and  smoke  in  the  combustion  of  fuel  contain- 
ing volatilisablo  substance  will  be  greater  in  proportion  to  the  amount  of  volatilisal4c 
substance  in  the  fuel,  and  more  especially  in  proportion  to  the  amount  of  carbon  in  the 
vapour  produced.  In  the  case  of  Newcastle  coal,  the  amount  of  carbon  in  the  vapoor 
is  nearly  three  times  as  great  as  in  the  vapour  fix>m  wood,  and  it  is  also  in  a  condition 
likely  to  give  rise  to  elimination  of  carbon. 

This  production  of  soot  and  smoke  involves  a  corresponding  loss  of  heat»  and  to 
prevent  this  loss,  provision  mast  bo  made  for  supplying  a  sufficiency  of  air  foreflectinc 
the  perfect  combustion  of  the  yaporous  products,  without  reducing  the  temperature  of 
the  atmosphere  in  the  furnace.  This  is  generally  done  by  introducing  air  through  tlie 
furnace-door,  above  the  fire,  and  at  the  back  of  the  fire,  so  as  to  become  hented  before 
mixing  with  the  vaporous  products.  Mechanical  arrangements  for  supplyiog  the  fuel 
in  continuous  small  portions  to  the  furnace,  have  also  been  used  with  the  tame  object. 

The  possible  waste  of  heat  resulting  from  the  presence  of  volatilisable  combustible 
substance  in  fuel,  may  be  judged  of  by  comparing  the  calorific  power  of  Newcastle  coal 
with  that  of  the  fixed  carbon  it  contains.  The  average  of  Newcastle  coal  contains  60 
per  cent,  of  fixed  carlwn,  so  that  if  the  coal  be  burnt  in  such  manner  that  only  this 
portion  of  it  is  efifective  in  generating  heat,  its  calorific  power  might  be  regarded  as 
0-60  as  compared  with  carbon. 

But  this  coal  contains  82*12  per  cent,  carbon,  and  4*60  per  cent,  available  hydrogen; 
consequently  its  calorific  power  is 

•8212     +     (-046      X     4-265)     «     1017; 
and  if  the  volatile  products  were  not  burnt  at  all,  the  waste  of  heat  would  amount  to 
four-tenths,  and  if  only  the  carbon  of  the  volatile  products  remained  unbumt,  the  wa8t« 
would  amount  to  nearly  one-fourth. 

The  extent  to  which  heat  may  be  wasted  in  conseouence  of  imperfect  combustion 
from  this  cause,  and  the  liability  to  the  production  of  smoke  and  soot  in  the  case  of 
different  kinds  of  fuel,  may  be  seen  fix)m  the  following  table : 

WeUh  Avernge  p    .   LancAthire  Derbythire  Newcastle  Scotch 

coaU.  wood.  '^"'"         coal.               c«>al.              coal.  coal. 

Totol  carbon                .                M-78  40*36         flOO         77  90              79  68              STlt  Tn-!^ 

Amount  of  carbon  rolntUlned      ]S\fi  18'ft3         19  0         2'2'ft6              H»l               a»"»  MJt 

„        „  available  hydrogen     4-J7  0*83           1-0           4  13                8-68                4  60  4«40 

Wlienevcr  fuel  is  employed  for  generating  steam  or  for  analogous  purposes,  it  is 
desirable  to  effect  perfect  combustion  as  far  as  possible ;  but  there  are  some  applica- 
tions of  fuel  in  metallurgical  operations,  whero  it  is  advantageous  to  have  a  highlv 
carbonaceous  fiame,  and  whero  this  is  of  greater  importance  tlian  obtju'ning  the  full 
heating  effect  of  the  fuel.    Thus,  for  instance,  in  the  mauufacturo  of  malleable  iron,  it 
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is  necessary  that  the  body  of  fliune  and  heated  gases  passing  through  the  working 
chamber  of  the  paddling  fiomace,  should  not  contain  free  oxygen  in  sufficient  q^iantity 
to  oxidise,  or,  as  it  is  technically  termed,  to  "  cut "  the  metal. 

Besides  the  actual  loss  of  heat  in  consequence  of  imperfect  combustion,  and  in  other 
ways,  a  large  portion  of  the  heat  generated  by  the  combustion  of  fuel  is  al^xrays  con- 
sumed in  producing  the  draught  by  which  the  products  of  combustion  are  removed 
from  the  nimace,  and  the  fresh  supply  of  air  maintained.  This  portion  of  the  heat 
is  not  available  under  ordinary  circumstances  for  producing  any  other  useful  effects. 
The  amount  of  heat  so  consumed  varies  according  to  the  nature  of  the  products  of 
combustion,  and  according  to  the  use  to  which  the  fuel  is  applied.  In  every  case  the 
whole  quantity  of  heat  corresponding  to  the  temperature  at  which  the  gaseous  pro- 
ducts of  combustion  are  discharged  from  the  place  where  the  heating  effect  is  to  bo 
produced,  is  ineffective. 

In  boiler  furnaces  it  has  been  found  that^  to  maintain  a  sufficient  draught  by  means 
of  a  chimney,  the  temperature  of  the  gaseous  products  of  combustion  must  not  be 
reduced  below  315^  C.  For  example,  the  amount  of  heat  thus  consumed  in  the  two 
extreme  cases  of  the  combustion  of  carbon  and  of  hydrogen  in  twice  as  much  air  as  ifl 
necessary  for  their  conversion  into  carbonic  acid  and  water  vapour,  will  be : — 

Parti  hr         Quantity  of  heat  = 
weiffhc  nrodueta       *° '"  tempera-  Temperature  Hci.t 

"oflS^SSuSS!*    *"^$,1P'!^.V5"-  ofproducl..  unit,. 


Ol 

1  comoiMuon. 

Heat  iinitt. 

—  r- -""-''•- 

Carbon 

.     1 

ss 

24-22 

6-735245 

X 

3150 

-     1807 

Hydrogen 

.     1 

=» 

80-56 

19076526 

X 

315® 

-     6015 

The  amount  of  heat  which  thus  passes  away  without  producing  its  desired  effect-,  will 
be  proportionately  greater  as  the  temperature  at  which  the  products  of  combustion  pass 
to  the  chimney,  is  higher  than  316°  C. ;  but  it  may  be  assumed  that  the  minimum  con- 
sumption of  heat  in  producing  a  draught  by  means  of  a  chimney,  amounts  in  round 
numbers  to  one-fourth  of  the  available  heat  generated.  When  the  combustion  of  fuel 
is  effected  in  this  manner,  its  practical  effect  for  heating  and  evaporation  will  thoreforo 
be  only  three-fourths  of  the  capability  indicated  by  calculation. 

If  the  perfect  combustion  of  fuel  could  bo  effected  in  boiler  furnaces,  with  no  more 
air  than  sufficient  for  converting  its  combustible  constituents  into  carbonic  acid  and 
water  vapour,  the  loss  of  heat  from  the  circumst^ince  just  mentioned,  might  bo  reduced 
to  one-half  what  it  is  when  fuel  is  burnt  with  double  that  quantity  of  air.  By  using 
a  fan-blower  to  drive  the  air  into  the  furnace,  instead  of  drawing  it  in  by  means  of  a 
chimney,  the  economy  of  heat  might  be  carried^still  further,  inasmucli  as  the  gaseous 
products  of  combustion  at,  or  even  below,  315°  C,  might  then  be  employed  for  heating 
purposes,  to  which  they  cannot  be  applied  when  the  heat  they  contain  is  required  to 
proauce  a  draught. 

In  rcverberatory  furnaces,  the  amount  of  heat  which  passes  away  in  the  gaseous  pro- 
ducts of  combustion  is  very  much  greater  than  it  is  in  boiler  or  evaporating  furnaces, 
in  consequence  of  the  much  higher  temperature  generally  required  to  be  maintained  in 
those  furnaces. 

In  the  manufacture  of  malleable  iron,  the  temperature  at  which  the  iron  is  required 
to  be  kept  in  puddling  furnaces  is  about  1650°  U.  At  that  high  temperature,  the  dis- 
persion of  heat  by  radiation  and  conduction  is  so  great,  that  it  is  necessary  to  keep  up 
a  rapid  current  of  heated  gases  through  the  working  chamber  of  the  furnace  and  a 
rapid  combustion  of  fuel  to  maintain  the  temperature  required.  By  the  heating  of  the 
iron,  the  atmosphere  in  the  furnace  is  rapidly  brought  below  this  temperature,  and 
must  be  constantly  replaced  by  fresh  portions  of  gaseous  products  of  combustion, 
heated  above  that  temperature.  It  is  only  the  heat  corresponding  to  the  difference 
iMJtween  the  temperature  of  the  iron  and  the  higher  temperature  of  the  atmosphere  in 
the  furnace,  that  is  available  for  heating  or  for  maintaining  the  temperature  of  the  iron. 
The  circumstance  that  the  specific  heat  of  iron  is  not  much  more  than  half  as  great  as 
that  of  the  atmosphere  in  the  furnace,  favours  the  heating  of  the  iron ;  but>  in  any  case,  it 
is  only  part  of  this  available  heat  that  is  really  effective  in  raising  or  maintaining  the 
temperature  of  the  iron.  The  higher  the  temperature  of  the  iron,  the  smaller  will  be 
the  effective  portion  of  the  available  heat,  because,  as  the  temperature  rises,  the  disper- 
sion of  heat  by  radiation  and  conduction  increases  very  considerably.  Mr.  Prideaux 
has  estimated  that  even  when  the  iron  is  first  put  into  the  puddling  furnace,  and  with 
the  furnace  atmosphere  at  a  constant  temperature  of  1815°  C,  the  effective  portion  of 
the  available  heat  is  not  more  than  one-half  of  the  whole,  and  that  when  the  tempera- 
ture of  the  iron  is  1370°  C,  less  than  one-eleventh  of  the  whole  is  effective.  In  fur- 
races  where  welding  heat  is  required,  the  amount  of  heat  that  is  effective  is  still  less, 
not  being  more  than  one-sixty-fourth  of  the  whole  heat  generated,  the  remaining  63 
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parts  being  wasted.  By  inercasmg  the  temperatupo  of  the  atmosphere  in  the  fonuuf^ 
and  tho  difference  between  that  temperature  and  the  temperature  to  be  maintained  is 
the  iron,  so  as  to  increase  the  rate  of  heating,  a  great  economy  of  fuel  maj  be  effected, 
because,  in  that  case,  a  greater  amount  of  the  available  heat  becomes  effectiTeL  Tlni^ 
Mr.  Prideaux  shows  that,  if  the  atmosphere  in  a  furnace,  where  a  welding  heat  ii 
rcquiretl,  be  maintained  at  a  temperature  of  2039*^  C^  one-sixteenth  of  the  heat  geae- 
rated  will  be  effective  instead  of  only  one-sixty-fouith.^  In  this  case,  an  increase  of 
temperature  amounting  to  one-eighth  is  attended  with  a  four-fold  economy  of 
heat.— B.  H.  P. 

nUBS*8  BAJtTB.  Walkerde.  Walkthon. — An  areillaceoos  deposit  oceorriiig 
in  connection  with  the  chalk,  oolite,  &c.  It  is  earthy,  with  a  shining  streak ;  green- 
ish-grey, oil-green,  white,  yellowish,  reddish  or  red-brown.  Specific  gravity  =»  l-J  — 
2*4.  It  feels  either  greasy  or  harsh ;  adheres  a  little  to  the  tongue  ;  fiUls  to  pieces  ia 
water.  It  is  found  at  Nut^eld  near  Keigate  in  Surrey ;  near  Maidstone  m  Kent, 
Wobiim  in  Bedfordshire ;  at  Vahls  near  Aix-la-Chapelle,  Rosswein  in  Saxony,  Zwi- 
kowetz  in  Bohemia,  and  elsewhere.  (Dana,  ii.  604.) 

The  term  fulUr's  earth  was  originally  confined  to  a  sandy  argillaceona  earth  met 
with  in  tho  upper  part  of  the  stratum  just  mentioned,  on  account  of  its  use  in/affw 
or  cleansing  doth,  when  first  woven,  from  grease  and  other  impurities  ;  but  it  isi  Eoir 
extended  to  the  entire  formation  to  which  this  earth  belongs.  (See  Urt^s  Dictionary  of 
Arts,  &c  il  307.) 

rvuiZVATBa.  C«N*M«0*  (M  denoting  a  metal).— This  name  ia  applied  to  a 
dass  of  salts  polymeric  with  the  (nranates  and  cyanurates,  but  distinguished  from  tbem 
by  the  property  of  detonating  violently  when  heated  or  struck.  Howard  first  showed 
(PhiL  Trans.  1800)  that  nitrate  of  mercury  or  nitrate  of  silver  heated  with  alcohol  and 
excess  of  nitric  add,  yields  a  pecxiliar,  crystalline,  easily  detonating  precipitate,  vit 
fulminating  mercury  or  fulminating  silver  ;  but  the  composition  of  theee  predpitatet 
remained  unknown  till  1824,  when  it  was  discovered  by  Lie  big  (Ann.  Ch.  Phys.  [21 
xxiv.  298 ;  Ann.  Ch.  Pharm.  xxvi.  546),  whose  determination  was  afterwards  confirmed 
by  Gay-Lussac  (Ann.  Ch.  Phys.  [2]  xxv.  285). 

Fulminic  acid,  or  fulminate  of  hydrogen,  has  not  been  obtained ;  and  the  only  fidmi- 
nate  of  which  a  satisfactory  analysis  has  been  made,  is  the  silver-salt,  which,  according 
to  Gay-Lussac  and  Liebi^,  contains  7*92  j>er  cent,  carbon,  9*24  nitro^n,  72-19  silrer. 
and  10*65  oxygen,  agreemg  with  the  empirical  formula  CNAgO,  which  requires  8-00 
carbon,  9*33  nitrogen,  72*00  silver,  and  10-07  oxygen.  This  is  the  formida  of  cy.nnatft 
of  silver.  But  there  can  be  no  doubt  that  the  formula  of  fulminate  of  silver  \s  a 
multiple  of  this,  and  most  probably  C*N»Ag'0' :  for,  in  the  first  place,  the  fulminates  are 
formed  by  the  action  of  nitric  acid  and  a  nitrute  on  alcohol,  which  is  a  2-carboD  com- 
pound; secondly,  many  of  the  reactions  of  the  silver-salt  show  that  one-half  of  tlio 
silver  is  in  a  different  state  from  the  otlier  half;  and  thirdly,  several  double  fulminates 
are  known,  induding  a  fulminate  of  silver  and  hydrogen,  C^'AgHO*.  Hence  Gay- 
Lussac  and  Liebig  assigned  to  neutral  fulminate  of  silver  the  formuhi  Cy'AgiK)',  sup- 
posing it  to  be  derived  from  a  dibasic  fulminic  acid,  Cy'H*0*.  This  view  is  supported 
by  tho  fact  that  in  many  reactions  of  fulminating  silver,  hydrocyanic  add  is 
produced. 

Berzelius  (Berz.  Jahresher.  xxiv.  89)  supposed  that  the  fulminates  contain  a 
metallic  nitride,  e.  g.  fulminating  silver  «  AgU.AgN.C*NO^t  this  mode  of  representa- 
tion being  intended  to  afford  an  explanation  o^  the  fact  that,  in  many  reactions  of 
fulminating  silver,  only  half  the  silver  is  separated ;  also  that  fulminate  of  silver  and 
potassium,  KO,AgN.C*NO*,  detonates  as  strongly  as  fUminatin^ silver  itself,  the  deto- 
nation in  either  case  being  attributed  to  the  suaden  decomposition  of  the  compound 
AgN. 

The  formation  of  the. fulminates  by  tho  action  of  nitric  acid  upon  alcohol,  together 
with  their  explosive  properties,  induced  Laurent  and  Gerhardt  (Precis  de  Ckimit 
oraaniquc,  iL  445)  to  regard  them  as  compounds  containing  nitryl,  NO*,  a  radide 
which  IS  frequently  introduced  into  organic  molecules  bv  the  action  of  nitric  add,  and 
almost  always  imparts  to  them  more  or  less  of  an  explosive  character;  they  accord- 
ingly represented  fulminating  silver  by  the  formula  C»N(NO*)Ag*. 

This  view  of  the  composition  of  the  fulminates  receives  strong  confirmation  fttjm  the 
recent  experiments  ofKekuU  (Ann.  Ch.  Pharm.  ci.  200 ;  cv.  279),  andof  Schischkoff 
{ibid.  ci.  213),  which  have  shown :  1.  That  fulminating  mercury,  treated  with  chlorine, 
or  with  hypochlorite  of  calcium,  yields  chloropicrin,  a  comi)Ound  certainly  containing 
the  radide  nitryl  viz.  C(NO=)CP  (i.  923) ;  and  with  bromine,  it  yields  dibromoni traced 
tonitrile,  C'(N0')Br2N,  or  bromopicrin,  C(NO«)Br*,  acconling  as  tho  fnlminatin^ 
mercury  or  tho  bromine  is  in  excess.  —  2.  Fulminiiric  or  isoeyanuric  add,  0*N*H*0*,  a 
compound  produced  by  the  action  of  alkaline  chlorides  or  iodides  on  fulminating 
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mercuiy  (p.  738),  also  yields  chloropicrin  when  treated  with  hypochlorite  of  calcium, 
and  trinitracetonitrile,  CJ"(NO*)'N,  when  treated  with  strong  nitric  acid.  Schischkoff 
has  also  observed  that  when  the  same  acid  is  decomposed  by  zinc  in  presence  of  a 
mineral  acid,  the  hydrogen  eliminated  firam  the  latter  is  ahnost  wholly  absorbed. 
This  reaction,  together  with  the  explofdve  character  of  the  fUminurates,  also  points  to 
the  existence  of  an  oxide  of  nitrogen  in  these  compounds ;  and  this  being  the  case,  the 
mode  of  formation  of  fulminuric  acid  shows  that  the  nitro-compound  must  also  exist  in 
fulminic  add. 

Kekul6  assigns  to  fuhninic  acid  the  formula  C(NO»XCN)H«  or  0[NO«)CyH»,  which 
amounts  to  supposing:  1.  That  half  the  carbon  and  half  the  nitrogen  in  fulminic 
acid  are  so  arranged  as  to  yield  cyanogen-compounds  under  the  influence  of  certain 
reagents. — 2.  That  the  remaining  half  of  the  nitrogen  exists  in  fulminic  acid  in  the 
same  form  as  in  the  so-called  nitro-compounds.  This  view  is  in  accordance  with  the 
following  reactions. 

Fulminating  mercuiy,  suspended  in  water  and  treated  with  chlorine  gas,  yields 
chloropicrin,  gaseous  chloride  of  cyanogen,  and  chloride  of  mercury,  without  any  evo- 
lution of  carbonic  anhydride,  according  to  the  equation : 

C(NO«)CyHg'*  +   ea  -  C(NO«)a«  +   Cya  +  Hg-Cl*. 

Fulminating  mercury  treated  with  sulphydric  acid  yields  sulphocyanate  of  ammo- 
nium and  carbonic  anhydride : 

C(NO«)CyHg"    +   2H«S  «  Hg"S   +   Cy(NH*)S  +   C0«. 

According  to  KekuU's  formula,  fulminic  acid  belongs  to  the  same  type  as  marsh- 
gas,  and  e^diibits  a  very  close  analogy  with  the  bodies  in  the  following  series 
[N0«  «  X]: 

Marsh-gas CH  H  H  H. 

Chloride  of  Methyl CHH  H  CI. 

Chloroform         .        .        .         .        .        .         .  CH  CI  a  CI. 

Nitroform CH  X  X  X. 

Chloropicrin CX  CI  CI  CL 

Chloride  of  Dinitromethyleno      .         .  .  CX  X  CI  CL 

Acetonitrile CH  H  H  Cy  «  C«H«N. 

Trichlbracetonitrile CCl  a  CI  C^r  «  C«C1*N. 

Trinitracetonitrile CX  X  X  Cy  «  C«X«N. 

Dibromonitracetonitrile CX  Br  Br  Qr  =  CXBr^N. 

Fulminating  Silver  CX  Ag  AgCy  «  CXAg'N. 

Fulminic  acid  {hyp.) CX  H  H  Cy  =  C»XH«N. 

According  to  these  formuls,  the  compounds  to  which  fulminic  acid  is  most  intimately 
related  are  chloropicrin  and  acetonitrile ;  its  formula  is  in  fact  the  same  as  that  of 
mononitracctonitrilo. 

The  formation  of  fulminic  acid  by  the  action  of  nitrous  acid  upon  alcohol  may  be 
explained  as  follows.     On  the  one  hand  cyanic  acid  is  formed : 

CHK)     +     N^O*     -     2CNH0     +     2H«0; 

on  the  other,  nitro-acetic  acid ;  and  these  two  compounds  by  their  mutual  action  pro- 
duce fulminic  acid : 

C«H«(NO«)0«     +     CNHO     «     C«H«(NO')N     +     C0«     +     H«0. 

Kekul^  regards  the  formation  of  fulminating  mercury  as  analogous  to  that  of  chloro- 
form. In  the  one  case,  alcohol  is  subjected  to  the  simultaneous  action  of  oxidising  and 
chlorinising  agents ;  in  the  other,  the  alcohol  is  likewise  oxidised  (converted  into 
cyanic  acid),  while,  at  the  same  time,  cyanogen  and  mercury  are  present  and  ready  to 
take  the  place  which  the  chlorine  occupies  in  chloroform,  the  strong  nitric  acid  like- 
wise introducing  the  group  NO^  In  fact^  fulminating  mercury  might  be  regarded  as 
nitrated  chloroform  in  which  2  at.  CI  are  replaced  by  mercury  and  one  by  cyanogen. 
This  view  receives  some  corroboration  from  the  fact  that  the  analogous  compound, 
chloropicrin,  is  produced  by  adding  chloride  of  sodium  to  a  mixture  of  alcohol  and 
strong  nitric  acid. 

Schischkoff  (Compt.  rend.  li.  99)  doubles  the  preceding  formula  of  fulminic  acid, 
but  otherwise  agrees  with  Kekul6  in  supposing  that  it  contains  both  cyanogen  and 
nitryl : 

C«N*H«0*  =  C^NO«)«H'Cy«. 

According  to  this  formula,  the  acid  may  be  regarded  as  derived  from  ethylic  alcohol, 
by  the  substitution  of  cyanogen  for  oxygen  (Cy'  for  OX  and  of  2  at.  nitryl  for  2  at. 
l>3'drogen.     Schischkoff  further  supposes,  that  when  alcohol  is  acted  uix)n  by  nitric 
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acid,  dinitrootliylene,  C*  j  .^qjx,  (not  yet  isoluted),  and  hydrocyanic  acid  are  funnod, 
and  produce  fulminic  acid  by  their  nnion : 

C«(NO«)«H«  +   2nCy  =  C«(N07H«Cy« 

In  like  manner,  a  fubninate  may  be  regarded  as  a  oomponnd  of  a  metallic 
cyanide  with  dinitroothylcne  in  which  the  hydrogen  is  replaced  by  an  equTaleot 
quantity  of  a  metal :  a  view  which  accords  with  the  feet  that  in  the  double  d^ 
composition  of  fulminates,  e.g.  of  the  silver-salt  by  potash,  only  half  the  metal  is 
separati'd. 

SchiBchkoff  formerly  regarded  fulminic  acid  as  a  compoond  of  2  at.  cymnie  aeid  and 
1  at  nitracetonitrile  =  (CHNO)«.Na'(NO«)IP  (Ann.  Ch.  Phann.  cL  218 ;  Om.  xil 
551). — [For  (Jentele's  views  of  the  constitution  of  the  fnlminatea,  see  J.  pr.  Gheoi. 
Ixxxiv.  101 ;  Rep.  Chim.  pure,  1862,  p.  196.] 

rnlmlnate  of  Copper  is  obtained  in  green  crystals,  very  sli^tly  aolnUe  in  bofling 
water  and  highly  exploHive,  by  boiling  fiUminating  mereozy  with  water  and  copper, 
and  filtering  the  hot  liquid.  When  fiuminating  silver  is  used  instead  of  the  mocniT- 
salt,  a  greenish-blue  powder  is  obtained,  less  expbsive,  and  likewise  reiy  sligfaliy 
soluble  in  water,  forming  a  sky-blue  solution. 

Fulminate  of  Copper  and  Ammonium^  ^'^'InHU^* — ^Formed  by  mixing  a  sohi- 
tion  of  fulminate  of  copper  with  a  large  excess  of  ammonia,  1  at  copper  bein^  then  re- 
))laced  by  1  at  ammonium.  When  a  stream  of  sulphuretted  hydrogen  la  passed 
through  the  solution  of  this  salt,  the  copper  is  comjjletely  precipitated,  and  the 
filtered  solution  is  found  to  contain  hydrosulphocyanic  acid  and  nrea : 

2C«NKhi(NH*)0«  +  3H«S  -  Cu^  +  2H*0  +  2CNHS  -i-  2CN*HH>. 
The  formation  of  urea  from  this  salt  exhibits  in  a  striking  manner  the  doee  relation 
between  the  fulminates  and  cyanates.     (Gladstone,  Ann.  Ch.  Pharm.  Ixvi.  1.) 

Fulminate  of  Copper  and  Potassium, — Bv  digesting  fulminate  of  silver  and  potas- 
sium with  copper,  the  silver  is  precipitated  and  a  liquid  obtained,  which  is  neither 
precipitated  by  potash,  nor  turned  blue  by  ammonia,  unless  it  be  previously  mixed 
with  hydrochloric  acid.     (L  i  e  b  i  g. ) 

rntmlnate  of  Bydroffont  or  ralmlnlc  Acid,  does  not  appear  to  exist  in  the 
free  state. 

Z*iilmlnate  of  Meronry.  Mercuric  fulminate.  Fulminating  Mcreurv, —  This 
salt,  discovered  by  Howard,  is  produced  when  mercury  or  mercuric  oxide  is  heated 
with  alcoliol  and  strong  nitric  acid ;  also  by  boiling  fidminating  silver  with  mercury 
and  water,  and  by  precipitating  the  zinc-salt  with  solution  of  mercuric  chlonde. 

To  prepare  it,  1  pt  of  mercury  is  dissolved  in  12  pts.  nitric  acid  of  specific  gravity 
1'3 ;  and  the  solution,  when  cold,  is  mixed  with  11  pts.  alcohol  of  85  to  88  per  cent, 
and  the  mixture  is  heated  in  the  water-bath.  It  tlien  enters  into  ebullition,  and  must 
be  removed  from  the  fire  as  soon  as  it  begins  to  show  turbiditpr,  then  left  to  cool, 
decanted,  and  the  mercuric  fulminate  collected  on  a  filter  and  purified  by  reciystallisa- 
tion  from  boiling  water.  The  mother-liquor  yields  a  fresh  quantity  by  evaporation 
(Chevalier,  Ann.  Ch.  Fliarm.  xxiii.  167).  The  reaction  by  which  this  compound  is 
produced,  is  attended  with  the  evolution  of  a  white  cloudy  vapour,  the  eiknroi  nitrvn 
gas  of  the  older  chemists,  containing  nitrogen  and  its  oxides,  carbonic  add,  hydro- 
cyanic acid,  aldehyde,  acetic  acid,  acetic  ether,  formic  acid,  formic  ether,  a  Urge 
quantity  of  nitrous  ether,  &c.,  together  with  vapour  of  mercury.  The  nature  and 
quantity  of  these  products  varies  according  to  the  proportions  of  tne  mixture,  the  dura- 
tion of  the  action,  the  degree  of  heat  employed,  &c 

Cloez  found  in  the  mother-liquors  of  the  preparation  a  peculiar  add,  called  homo- 
lactic  acid  {g.  v.),  resembling  lactic  acid. 

Mercuric  fulminate  crystallises  in  white  silky  needles,  soft  to  the  touch,  having  a 
sweetish  metallic  taste,  highly  explosive,  very  slightly  soluble  in  cold,  more  soluble  in 
boiling  water,  soluble  in  ammonia. 

Decompositions. — 1.  Fulminating  mercury  heated  to  186°  C,  or  fordbly  struck, 
detonates  with  great  violence ;  the  explosion  is  likewise  produced  by  contart  with 
strong  sulphuric  or  nitric  acid,  by  a  spark  from  fiint  and  steel,  or  by  the  electric  spark. 
When  moist-,  it  may  be  handled  without  risk  of  explosion,  but  in  the  dry  state  it  is  a 
most  dangerous  substance,  and  all  manipulations  performed  upon  it  should  be  con- 
ducted with  the  greatest  caution. 

10  grains  of  fulminating  mercury  yield,  when  explo<led,  4  cubic  inches  of  permanent 
gas  at  0°  C,  and  29*5  in.  bar. ;  but  nt  the  moment  of  explosion  this  Volume  is  greatly 
augmented  by  the  expansion  produced  by  the  heat  of  the  explosion,  and  by  the  admixtun« 
of  mercurial  vapour.     The  explosive  force  within  a  small  space  is  much  greater  than 
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that  of  gnnpovdor,  but,  at  the  same  time,  it  is  more  sudden,  and  therefore  not  so  well 
adapts  for  propelling  a  ball,  bein^,  in  fact,  mor«  likely  to  bur^t  the  gnn :  for  pro- 
pelling a  ball,  a  gradual  expanaire  force  is  requinni,  such  as  will  continne  its  impolnve 
action  on  the  projectile  dnnng  the  whole  time  of  its  passa^  alonff  the  bore  of  the  gun. 
Fulminating  mercury  is,  however,  admirably  adapted,  by  its  ready  inflammability,  fat 
the  priming  of  percussion  caps,  for  which  purpose  it  is  prepared  on  the  large  scale : — 
1  kilogramme  of  mercury  ^elds,  by  the  preceding  process,  1}  kilogrammes  of  fulminate, 
which  wiU  serve  for  priming  40,000  caps.  (GerL  ii.  354  ;  see  also  Ur^a  I>iciwmaty 
of  Arts,  &c^u.ZOS,) 

2.  Hot  nitrie  acid  decomposes  fulminating  mercury,  yielding  carbonic  acid,  acetic 
acid,  and  mercuric  nitrate. — ^.  Moderately  dilute  sulpiu He  octet  decomposes  it  without 
detonation,  but  with  rise  of  temperature  and  evolution  of  gas.  In  tnis  reaction,  84 
per  cent^  of  a  white  non-detonating  powder  is  separated,  apparently  a  mixture  of 
metallic  mercury  with  mercurous  oxidate  (mercurous  sulphate,  according  to  BerthoUetX 
whilst  also  a  small  quantity  of  mercury  appears  to  remain  dissolved  in  the  liquid  con* 
taining  the  sulphuric  acid. 

4.  Aqueous  MydrockloHc  acid  decomposes  fulminating  mercury,  without  any  consi* 
derable  evolution  of  gas,  forming  mercuric  chloride  and  mercurous  oxalate  (Howard). 
According  to  Ittner.  it  produces  a  large  quantity  of  hydrocyanic  acid. — 5.  SHiohwirie 
acid  converts  Mminating  mercury  immersed  in  aqueous  ammonia  into  Bulphiue  of 
mercury  and  hydrosulphocyanic  acid  (Pagenstecher) : 

C«N»Hg-0«  +  SH^  -  Hg-S  +  2CNHS  +  2n'0. 

6.  Boiling  potash-solution  separates  a  largo  quantity  of  mercuric  oxide,  without 
evolution  of  ammonia,  and  yields  a  filtrate,  which,  as  it  cools,  deposits  yellow  detonat- 
ing flakes  and  needles,  probably  consisting  of  potassio-mercurio  fulminate,  and  forms 
with  nitric  acid  a  white  precipitate,  which  detonates  strongly  by  percussion.  Baryta^ 
strontia,  and  lime  behave  like  potash  (Liebig).  According  to  Pagenstecher  (Br. 
Arch.  vii.  293),  potash-ley  exerts  no  action  in  the  cold ;  when  hot,  it  separates  mer- 
curic oxide,  but  the  filtrate  yields  by  evaporation,  not  a  detonating  salt,  but  only  car- 
bonate of  potassium.    This  reaction  might  be  represented  by  the  equation : 

C*N«Hg"0«  +  4KH0  +  HH)  «  21PC0»  +  Hg^O  +  2NIP. 

7.  A  solution  of  fulminating  mercury  in  warm  aqueous  ammonia  deposits,  on  cool- 
ing, yellow,  strongly  detonating,  granular  crystal.-* ;  but  if  the  solution  be  boiled  foi 
some  time,  it  deposits,  on  cooling,  a  yellowish  white,  non-detonating  powder  (Liebig). 
According  to  Pagenstecher,  f^ilminating  mercury  dissolves  abundantly  in  ammonia, 
without  separation  of  oxide ;  the  solution,  when  exposed  to  the  air,  gives  oflT  ammonia, 
and  becomes  covered  with  a  crystalline  crust  of  unaltered  Eliminating  mercury,  which 
renews  itself  as  often  as  it  is  broken. 

8.  Finely  divided  rtMC,  copper,  or  silver  (the  last  in  contact  with  platinum-foil), 
boiled  in  water  with  fulminating  mercury,  dooomposes  that  compound,  yielding 
metallic  mercury  and  fulminate  of  zinc,  copper,  or  silver  (LiebigJ.  A  pasty  mixture 
of  fulminating  mercury  with  pulverised  iron  and  water,  moderately  warmed,  becomes 
strongly  heated,  and  dries  up  almost  completely  to  a  red-brown  mass;  this,  when 
mixed  with  lukewarm  water  and  filtered,  yields  a  filtrate  which,  on  evaporation,  leaves 
a  small  saline  residue  containing  ammonia ;  and  on  the  filter  there  remains  a  black- 
brown  residue  which  contains  globules  of  mercury ;  yields  prussian  blue  with  hydro- 
eldoric  acid ;  and  when  heated  after  drying,  bums  with  bright  sparkling,  but  without 
detonation.     (Pagenstecher.) 

rulmlnates  of  SUwer.— 1.  The  neutral  salt,  or  fulminating  silver,  C'N'AgH)*,  is 
formed  by  heating  aqueous  nitrate  of  silvw  with  strong  nitric  acid  and  alcohol,  the 
same  phenomena  and  products  appearing  as  in  the  formation  of  fulminating  mercurr 
(p.  732).  Neutral  nitrate  of  silver  does  not  yield  fulminating  silver  when  boiled  with 
alcohol ;  the  formation  of  that  compound  requires  the  presence  of  nitrous  acid,  inas- 
much as  cyano^n  is  thereby  produced;  when  nitrous  acid  vapour  is  passed  into  an 
alcoholic  solution  of  nitrate  of  silver,  fulminating  silver  quickly  separates  in  large 
needles,  without  ebullition  of  the  liquid  (Liebig,  Ann.  Ch.  Pharm.  v.  287): 

C*H«0  +  2AgN0«  +  2IIN0«  =  C»NUg«0»  +  2nN0'  +  3H»0. 

2.  Fulminating  silver  is  also  produced  by  boiling  fulminating  mercury  witli  water, 
pulverised  silver,  and  platinum -filings.     (Liebig.) 

Preparation. — Nitrate  of  silver  is  heated  with  alcohol  and  strong  nitric  acid  till  the 
liquid  begins  to  boil  up;  and  the  crystals  of  fulminating  silver  which  form  during  the 
ebullition  and  as  the  liquid  cools,  are  collected  on  a  filter,  washed  with  cold  water,  and 
dried  either  in  the  cold,  or  at  most  at  the  heat  of  the  water-bath. 
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Howard  and  Cniicltshanlt  disBolrc  1  pt.  of  silver  in  a  mixture  of  2-4  pte.  wstcr^P 
24  ptii,  of  thtf  ^ttvtiigL^t  iiitrie  acid,  add  24  pU,  of  alcohol*  liDd  obtain   l'&  pt  dt 
fulmiaating  silrcp.      Brugnatcili  (A.  G«hL  i,  665)  pou»  &  pta.  alcohol  and  ihm 
5  pU.  fnmmg  nitric  acid  on  1  pt.  of  pulverised  Ian  or  catuitie^  and  at  the  proper  tja* 
coola  the  mixture,  which  boik  up  und  deposits  fulminating  silver,  with  Tirat^r,  to  premnt 
*h«  fulminating  silver  from  l>eiiig  decomposed.    Ac  cum  recommeod«  2*5  pis.  of  fumiof^ 
nitric  acid  and  7  pta.  of  alcohol  to  1  pt.  of  nitrate  of  silver.       Dcscotils  (A»n. 
Chim.  Ixii.  198)  adds  the  tilcohol  to  the  nitric  acid  hb  the  silxer  dissolves  in  itj^j^ 
however  the  ah^oho!  interferes  with  the  ^utiou  of  the  silver,  the  prodact  ia,  accoid^| 
to  Liebig,  greatly  diminished  thereby.      W  a  gen  man  (Gilb.  Ann.  xzxL  110)  nuzmP 
solution  of  1  pt  enlTfir  in  8  pta  nitric  acid  of  specific  gravity  118>  heated  to  W^or 
60*^  C\,  with  8  pla.  alcohol  of  specific  gravity  0'86 ;  heats  the  liquid  again  to  ^^'orW** 
and  adds  4  pts.  of  fuming  nitric  acid,  which  caiues  foaming  and  formation  of  fijlmi* 
natiitg  silver  in  quantity  at  least  equal  to  j  of  the  silTor  nsed.     According  to  Ltehig; 
the  quantity  of  alcohol  here  recommended  in  too  small;  and  thi*  liquid  boeome«  tAi 
hot,  whcjfiiby  the  fulminating  silver  is  decomposed  (Li  ohig).     Gay-Lussac  and  Liebi* 
dissolve   1   pt.  of  fiilver  in  20  pts.  nitric  acid  of  specific  gravity  X-308;  add  to  the 
eolation  27  pta.  alcohol  of  86  per  cent^ ;  heat  the  mixture  till  it  boils  up ;  remone  the 
liquid,  which  is  becoming  turbid,  from  the  fire ;  mix  it,  in  order  to  modente  Ih* 
frothing,  with  another  27  pts.  of  alcohol ;  and  obtain,  aiter  the  liquid  has  con«plftelj 
cooled,  about  1  pL  of  fulminating  silver.     The  mother^liquor  of  fulminating  tUTvr  u 
green  if  the  silver  contains  copper,  and  when  eraporatod  deposits  all  the  copper  in  tbt 
form  of  oxalate ;  there  thru  rF mains  a  liquid  containing  silver,  which, 
eTaporated,  leaves  a  red  salt,  easily  soluble  in  water.     (Liebig.) 

The  preparation  of  fulminating  silver  requires  the  greatest  caution* 
Teasels  must  he  used,  bo  that  the  liquid  may  not  boil  over,  as  in  that 
bught  dry  on  the  outside  and  then  explode;  all  fiame  must  be  removed  to  a  dlstauM; 
Hut  the  vapours  should  take  fire ;  and  the  mixture  must  bo  stirred  with  woodisn  rods, 
Bot  with  glass  rods  or  other  hard  bodies.  Contact  with  haid  bodies  mnst  eapsdaUy 
bo  avoided  after  the  preparation  i»  dry.  Paper  shovela  must  be  used  to  tr&oiSrrit, 
and  it  must  be  kept  in  vessek  of  papc^r  or  paste-board,  not  of  glaaa,  and  the  T^e»»h 
most  be  loosely  coverod,  as  an  explosion  might  arise  ffom  the  friction  of  gUuB  wtoppmK 
or  from  pressing  the  cover  of  the  box  to  fix  it. 

Fulminating  silver  forms  small,  white,  opaque,  shining  needl§9,  having  &  itm^ 
bitterish  metallic  taste,  and  very  poiBonous.  It  is  but  verv  slight ly  soluble  in  cold  watfii« 
diasolres  in  36  pt4$.  boiling  water,  and  separatca  on  cooUng.  It  dis^olv^  mtich 
fretdj  in  aqueous  aminonijL,  and  is  left  behind  unaltered  as  the  ammonia  emaj 
It  is  need  for  making  crackers  and  other  detonating  toys. 

Ikcomptmiions,-—!.  Fulminating  silver  f^dually  blackens  when  exposed  to  whif« 
or  to  blae  Mght,  giving  off  carbonic  anhyilriJe  and  nitrogen,  and  leaviDg  a  bladt  rub- 
stance^  mixed  with  a  small  qimntity  of  the  undecorapo^  salt  (LiebigV — 2>.  Il  ex- 
plodes much  more  violently  than  fulminating  mereur)%  by  heat*  by  the  eleclric  ^rk, 
by  friction  or  percussion,  or  by  contact  with  oil  of  vitriol.  A  heat  of  100°  to  130^  C 
i«  not  BufEcicnt  to  induce  the  explosion  of  dry  fulmiaating  silver;  and  it  doea  not  aj* 
plode  by  mere  pressure,  unless  the  pressure  bo  very  strong.  In  the  moist  state^  it  re- 
quires a  much  hartler  blow  to  explode  it  than  when  dry,  but  it  will  sometimet  explode, 
even  under  water*  by  friction  with  a  glass  rod.  It  cxolodes  with  pe^nliar  radini 
when  rubbed  with  glass-dust  or  sharp  sand ;  also,  when  dry,  with  the  edge  of  a  pW 
card.  It  may,  however,  be  nibbed  to  powder  in  a  porcelain  mortar  with  a  cnrk 
with  the  finger  (Liebig).  When  weU  washed,  and  then  exposed  to  the  sun  till  it 
dry,  it  explodes  on  the  slightest  touch.  According  to  Schmidt  (Schw,  J.  xli  72Jb 
oil  of  vitriol  causes  moist  fulminating  silver  to  detonate  as  stroDsly  as  the  diy  com- 
pound. The  light  accompanying  the  explosion,  which  is  most  easuj  aeen  in  the  dark, 
IS  reddish-whito  with  a  tinge  of  blue ;  it  is  succeeded  by  a  grey  vapour  having  a 
liar  electrical  odour.  Gunpowder  mixed  with  ftdminating  silver  is  not  ignited  bv 
explosion,  but  merely  scattered  about  (Liebig).  Fulminating  silver*  mixed  with 
times  ita  weight  of  finely  pulverised  sulphate  of  potiissium,  gradually  decoropoecs  whsa 
heated  in  a  tube,  yielding  2  vols,  carbonic  anhydride  to  1  vol.  nitrogen  (also  carboatlit 
of  ammonia,  if  moiature  is  present),  and  doubtless  leaves  paracyanide  of  filrtr, 
CI^Ag';  for  the  real  due  mixed  vkh  cupric  oxide  and  ignited  again  yields  the  waum 
paseous  mixture,  in  about  the  same  quantity  and  the  Mtme  proportions  as  by  the  fiiwt 
ignition  (Gay-Lussac  and  Liebig).     Therefore,  in  the  firat  instance: 

C-^UgfO'  -  CNAg*  +  C0»  +  N ; 

afterwards,  when  ignited  with  cupric  oxide : 

CKAg»  +  0»  -  Ag«  +  CO'  +  N. 
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A  mixture  of  1  pt.  fulmiDating  silver  and  40  pts.  ciipric  oxido,  when  heated,  immedi- 
ately gives  off,  without  detonation,  the  whole  of  the  carbonic  anhydride  and  nitrogen 
gasee  in  the  proportion  by  toL  of  2  to  1.    (Gay-Lussac  and  Liebig.) 

3.  Fulminating  silver  thrown  into  a  bottle  filled  with  chlorine  explodes  before  it 
reaches  the  bottom,  and  therefore  does  not  burst  the  bottle  (E.  Davy).  Fulminating 
silver,  well  moistened  with  water  and  exposed  to  a  current  of  chlorine  gas,  absorbs  a 
large  quantity  of  the  gas,  turns  yellow,  and  is  finally  converted,  without  any  formation 
of  carbonic  or  chloric  acid,  into  chloride  of  silver  and  a  yellow  oil,  heavier  than  water, 
having  a  pungent  odour,  attacking  the  eyes  strongly,  and  having  a  sharp  burning  taste 
which  almost  paralyses  the  tongue.  If  the  mixture  be  agitated  with  water  and  dis- 
tilled,  gas  is  given  off  before  the  water  begins  to  boil,  and  a  colourless  oil  passes  over, 
having  a  somewhat  less  powerful  odour.  This  oil  gives  off  gas  under  water,  is  in- 
soluble in  aqueous  alkalis,  but  dissolves  in  alcohol ;  and  the  alcoholic  solution,  if 
mixed  first  with  potash,  then  with  a  ferric  salt>  and  then  with  an  acid,  exhibits  a 
green  colour.  This  oil  is  therefore  related  to  chlorocyanic  oil  (p.  282).  (Liebig, 
Pogg.  Ann.  XV.  664.) 

4.  Nitric  acid  boiled  for  some  time  with  fulminating  silver  decomposes  it,  forming 
nitrate  of  ammonia  and  nitrate  of  silver. 

6.  Dilute  sulphuric  or  oxalic  acid  decomposes  fulminating  silver  without  efferves- 
cence, forming  hydrocyanic  acid  and  ammonia.     (Gay-Lussac  and  Liebig.) 

6.  Aqueous  hydrochloric  acid  immediately  converts  all  the  silver  of  fulminating  silver 
into  chloride  of  silver,  with  evolution  of  the  odour  of  hydrocyanic  add  (Descotils). 
By  a  comparatively  small  quantity  of  hydrochloric  acid,  the  Eliminating  silver  is  con- 
verted into  chloride  and  acid  fulminate  of  silver,  C*N*HAgO*  ;  but  on  adding  hydro- 
chloric acid  till  the  filtrate  is  no  longer  clouded  by  it^  the  acid  fulminate  is  converted 
into  chloride  of  silver,  hydrocyanic  acid,  and  a  peculiar  chlorinated  acid  {okbrhydn}- 
cyanic  acid\  containing  a  quantity  of  chlorine  which  appears  to  amount  to  2*5  timei 
as  much  as  that  which  is  contained  in  the  chloride  of  silver  produced.  This  add  tastes 
pungent  and  sweetish,  reddens  litmus  strongly,  and  does  not  predpitate  nitrate  of  silver. 
It  decomposes  when  exposed  to  the  air  for  some  hours,  more  quickly  when  heated, 
yielding  ammonia,  which  neutralises  the  still  undecomposed  portion  of  the  add. 
After  neutralisation  with  potash,  whereby  it  first  acquires  a  rose-red,  then  a  y<*llow 
colour,  or  after  it  has  been  saturated  with  ammonia  by  spontaneous  decomposition,  it 
colours  ferric  salts  deep  red.  The  add  saturated  with  potash,  gives  off  ammonia  when 
evaporated,  and  leaves  a  residue  which  effervesces  strongly  with  adds,  and  whose 
aqueous  solution  precipitates  nitrate  of  silver  (Gay-Lussac  and  Liebig,  Ann.  Ch. 
Phys.  XXV.  285). 

7.  Aqueous  hydriodic  acid  decomposes  fulminating  silver  in  a  similar  manner, 
yielding  iodide  of  silver  and  an  iodated  acid,  analogous  to  the  chlorinated  acid,  but 
forming  a  deep  red  precipitate  with  sesquichloride  of  iron,  without  being  first  neutra- 
lised; no  odour  of  hydrocyanic  add  is  perceptible  in  this  reaction  (Gay-Lussac  and 
Liebig).    Hydrofluoric  acid  does  not  decompose  fulminating  silver. 

8.  A  small  quantity  of  aqueous  sulphydric  acid  decomposes  fulminating  silver,  form- 
ing sulphide  of  silver  and  cyanic  add ;  a  larger  quantity  forms  sulphide  of  silver  and 
hydrosulphocyanic  add : 

C»NUg«0«  +  H«S  -  2CNH0  +  Ag«S ; 
and 

CT^AgK)'  +  3H«S  -  2CNHS  +  Ag»S  +  2HK). 

9.  Aqueous  solutions  of  alkaline  sulphides^  e.  g.  protosulphide  of  barium,  acting 
in  insuffident  quantity,  decompose  cyanide  of  silver,  yielding  a  fulminate  of  silver  and 
the  alkali-metal,  and  sulphide  of  silver  (Liebig) : 

2C«N»Ag«0«  +  Ba«S  «  2(?N»AgBaO«  +  Ag«. 

With  a  larger  proportion  of  the  metallic  sulphide,  an  alkaline  Eliminate  (ON'RH)*} 
appears  to  be  formed  at  ordinary  temperatures,  and,  with  the  aid  of  heat,  a  compoona 
of  the  alkali  with  a  sulphuretted  acid  different  from  hydrosulphocyanic  acid. 

10.  Aqueous  solutions  of  ihf^  fixed  alkalis,  as  also  magnesia,  boiled  with  fulminating 
silver,  gradually  separate  not  quite  half  the  silver  in  the  form  of  a  black  oxide,  a  solu- 
tion of  fulminate  of  silver  and  potassium,  sodium,  barium,  strontium,  calcium,  or  mag- 
nesium being  formed  at  the  same  time  (Gay-Lussac  and  Liebig): 

2CN«Ag«0«  +  2KH0  =  2C^«AgK0«  +  Ag«0  +  H»0. 

11.  Aqueous  solutions  of  the  alkaline  chlorides,  even  when  added  in  excess,  precipi- 
tate only  half  the  silver  in  the  form  of  chloride,  and  form  fulminate  of  silver  and 
potassium,  &c.  (Gay-Lussac  and  Liebig) : 

C«N»Ag«0«  +  KCl  =  CN'AgKO'  +  AgCL 


736  FULMINATES   OF  SILVER. 

At  the  boiling  heat,  alkalioe  chloridee  and  iodides  convert  folminie  acid  into  fbln}- 
nuric  acid.     (Liebig,  Schisohkoff ;  see  p.  738.) 

12..  C^ptr  or  mercury^  boiled  with  fulminating  silver  and  water,  ultimatelj  8epant«s 
all  the  silver  in  the  metallic  state,  forming  fulminate  of  copper  or  fulminate  of  mncniy 
(Liebig).  When  the  boiling  with  mercury  is  continued  for  a  short  time  onlj,  faX- 
minat«  of  silver  and  mercury  is  formed.  ZinCy  even  when  boiled  for  sereral  days  with 
fulminating  silver,  separates  only  half  the  silver,  so  that  iidminate  of  nlver  and  sine  is 
formed.  When  filminate  of  silver  is  boiled  with  water  and  iron  filing9^  a  red-farowa 
filtrate  is  obtained,  which,  when  evaporated,  yields  reddish  laminated  crystals  of  fulsii- 
uateofiron.    (Liebig). 

Fulminate  of  Silver  and  Ammonium,  C*N'Ag(NH*)0' — -From  a  solution  of  folmi- 
Dat«  of  silver  in  hot  aqueous  ammonia,  this  salt  crystallises  on  cooling  in  whiter 
shining,  crystalline  grains,  having  a  pungent  metallic  taste,  while  arg^ntate  of  ammonia 
remains  in  solution.  It  detonates  with  three  times  the  force  of  fulminating  sflver,  and 
M'ith  extreme  facility,  even  under  the  liquid,  when  touched  with  a  glass  rod ;  ii^  how- 
ever, the  liquid  contains  excess  of  ammonia,  the  explosion  does  not  extend  thzooghoat 
the  mass.     It  is  very  sparingly  soluble  in  water.    (Liebig.) 

Fulminate  of  Silver  and  Barium. —  Dingy  white  ciyst^line  grains,  which  detonate 
with  violence,  dissolve  sparingly  in  water,  and  are  decomposed  by  hydrochloric  add. 
Zinc  immersed  in  the  boiling  aqueous  solution  throws  down  silver ;  the  filtrate  deposits 
on  evaporation  a  yellow  powder,  which  between  160°  and  160®  C.  bums  away  without 
detonation,  like  cyanate  of  silver,  leaving  carbonate  of  barium  mixed  with  sinc^  and 
when  treated  with  hydrochloric  acid,  yields  sal-ammoniac  with  efiferveacence,  and 
cannot  therefore  be  a  fulminate.  (Liebig.) 

Fulminate  of  Silver  and  Calcium. — Small  yellow  ciystalline  grains,  of  high  speeiiie 
gravity,  and  dissolving  readily  even  in  cold  water.    (Liebig.) 

Fulminate  of  Silver  and  Hydrogen^  or  Acid  Fulminate  of  Silver,  CN^AgHO*. — 
I'recipitated  in  the  form  of  a  white  powder,  on  mixing  the  aqueous  solution  of  fulminate 
of  silver  and  potassium  with  nitric  acid  not  in  excess : 

CWAgKO'  +  HNO«  «  C^«AgHO«  +  KNO«. 

This  salt  dissolves  readily  in  boiling  water,  crystallising  out  on  cooling ;  reddens  litmus. 
By  boiling  with  silver-oxide,  it  is  converted  into  neutral  fulminate  of  silver,  and  hy 
lx>iling  with  mercuric  oxide,  into  fulminate  of  silver  and  mercury.  (Liebig,  Ann.  Ch. 
Phys.  xxiv.  302.) 

"Fulminate  of  Silver  and  Magnesium. —  a.  Basic, — Obtained  by  boiling  fnlminatiD^ 
silver  with  magnesia  and  water.  Rose-coloured  powder,  insoluble  in  water,  whicli 
merely  decrepitates  when  heated,  giving  off  carbonic  acid  and  ammonia,  and  leaving  a 
residue  of  magnesia  and  silver.--?.  Neutral. — White,  throad-like  crystals,  resembling 
capillary  native  silver,  and  detonating  strongly.    (Li  ebig.) 

Fulminate  of  Silver  and  Mercury,  or  Argent4)-me.rcuric  Fulminate, —  Formed  by 
boiling  fulminate  of  silver  and  hydrogen  with  mercuric  oxide  and  water,  or  by  boiling 
fulminating  silver  for  not  too  long  a  time  with  mercury  and  water.  From  the  filtrate 
the  compound  crystallises  in  small  shining  needles.  (Liebig.) 

Fulminate  of  Silver  and  Potassium,  C^N*AgKO'.-  300  pts.  (1  at)  fulminating  silver 
are  decomposed  by  not  quite  74*6  pts.  (1  at.)  chloride  of  potassium  dissolved  in  water  ; 
or  water  in  which  fulminating  silver  is  suspended  is  kept  in  a  state  of  ebullition,  and 
aqueous  chloride  of  potassium  added  as  long  as  it  occasions  turbidity,  but  no  longer; 
the  liquid  is  then  decanted  from  the  chloride  of  silver,  and  cooled  till  it  crystallises. 
If  it  bo  filtered  instead  of  being  decanted,  a  brownish  liquid  is  obtained  which  yields 
brownish  crystals ;  but  if  it  bo  boiled  for  some  time  after  dilution  with  water,  it  loses 
its  colour,  deposits  black  flakes,  and  when  decanted  from  these,  yields  colourien 
crystals.  The  compound  is  obtained  less  pure  by  boiling  fulminating  silver  with 
aqueous  potash,  and  decanting  from  the  precipitated  oxide  of  silver. 

It  forms  white,  shining,  somewhat  elongated  laminse,  which  have  a  repulsive  metaUie 
taste,  and  do  not  blue  reddened  litmus  paper ;  detonates  very  easily  and  with  great 
violence.  ^  It  dissolves  in  8  pts.  of  boilmg,  and  in  a  larger  quantity  of  cold  water. 
Nitric  acid  added,  not  in  excess,  to  the  aqueous  solution,  throws  down  a  white  powder, 
consisting  of  fulminate  of  silver  and  hydrogen.     Hydrochloric  add  added  to  the  solu- 


carbonic  acid,  and  sdl-ammoniac.  Chloride  of  potassium  does  not  decompose  this 
salt.  Copper  immersed  in  the  aqueous  solution,  throws  down  all  the  silver  by  forming 
fulminate  of  copper  and  potassium.  The  solution  does  not  precipitate  ferric 
sulphate,  or  yield  prussian  blue  on  subsequent  addition  of  hydnxhioric  sdd. 
(Liebig.) 
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Fulminate  of  SUver  and  Bodium^  prepared  by  a  similar  procees,  fomiB  small,  red- 
brown,  metal-shining  laminae,  more  soluble  in  water  than  the  potassium-salt,  but 
otherwise  exhibiting  similar  reactions.    (Liebig.) 

Fulminate  of  Silver  and  Strontium, — Dingy  white  crystalline  grains,  which  detonate 
with  violence,  and  are  sparingly  soluble  in  water.     (Liebig.) 

Fulminate  of  Silver  and  Zinc. — By  boiling  fulminating  silver  with  sine  and  water — 
whereby  only  half  the  silver  is  precipitated,  even  after  long-continued  ebullition — and 
evaporating  the  yellow  filtrate,  yellow  detonating  crystals  are  obtained,  together  with 
a  yellow  non-detonating  powder.    (Liebig.) 

rolmlBates  of  Zlne  The  neutral  salt,  also  called  fulminating  einc^  was  first 
obtained  by  Liebig,  who  showed  that  when  sine  is  boiled  with  fiilminating  mercuiy  and 
water,  mercurv  is  separated,  and  a  vellow  liquid  produced,  which,  on  cooling,  deposits 
yellowish,  slightly  detonating  crystals ;  and  was  more  particularly  examined  by  R  Da  v  y 
(Dublin  Soc.  Transact  1829).  To  pre|)are  it,  1  pt  of  fulminating  mercury  is  placed 
under  water  in  contact  with  2  pts.  of  sine  filings,  and  the  whole  frequently  shaken,  till 
all  the  mercury  is  precipitated  and  an  amalgam  formed,  after  wmch  the  filtrate  is 
left  to  evaporate  spontaneously. 

The  salt  forms  transparent,  colourless,  rhombic  t-ables,  which  are  tasteless,  detonate 
very  strongly  at  196^  C.  or  by  percussion,  or  by  contact  with  oil  of  vitriol, —  are  inso- 
luble in  water,  but  dissolve  in  aqueous  alkalis.  If  the  filtrate  be  evaporated,  not  in 
the  cold,  but  at  a  gentle  heat^  there  remains  a  deen  yellow  crust,  together  with  yellow 
needles,  which  do  not  detopate  by  contact  with  sulphuric  acid,  but  when  heated,  deto- 
nate as  readily,  but  not  so  violently,  as  the  first-mentioned  crystals ;  this  hitter  product 
is  insoluble  in  cold  water  and  alcohol,  but  dissolves  sparingly  in  boiling  water  and 
very  readily  in  ammonia. — An  aqueous  solution  of  fulminate  of  zinc  poured  into  a 
boUle  filled  with  chlorine  gas  yields  a  volatile,  strongly  smelling  oil,  which  has  a 
sweet  and  bitter  taste,  does  not  detonate,  is  insoluble  in  water,  and  reddens  litmus 
after  some  time  only. 

Fulminate  of  Zinc  and  Hydrogen^  or  Acid  Fulminate  of  Zinc, — ^The  aqueous  solution 
of  fulminating  zinc,  recently  prepared  by  the  action  of  zinc  on  fulminating  mercunr,  is 
precipitated  by  excess  of  baryta-water,  which  separates  a  largo  quantity  of  oxide  of 
zinc ;  the  excess  of  baryta  is  removed  by  a  stream  of  carbonic  acid ;  the  ^trate,  which 
contains  fulminate  of  zinc  and  barium,  and  throws  down  fulminate  of  silver  from  a 
solution  of  the  nitrate,  is  treated  with  the  exact  quantity  of  sulphuric  acid  required  to 
remove  the  barium ;  and  the  liquid  is  filtered.  The  filtrate  contains  a  large  quantity  of 
zinc    (F  eh  ling,  Ann.  Ch.  Pharm.  xxvii  130.) 

The  reaction  is  as  follows : 

CWHg-O'  +  Zn«  -  C«N«Zn«0«  +  Hg; 
then: 

2CWZn«0«  +  Ba'O  -  2C«N«ZnBaO«  +  Zn«0; 
finally: 

2C«N«ZnBaO«  +   H«SO«  -  2C«N«ZnH0«  +  Ba»SO*. 

The  solution  has  a  powerful  odour,  like  that  of  hydrocyanic  acid ;  tastes  agreeably 
sweet  at  first,  but  afterwards  pungent  and  astrin^nt.  When  kept  in  a  bottle,  it 
gradually  loses  its  odour,  becomes  vellow,  and  deposits  a  yellow  powder,  but  still  forms 
an  explosive  yellow  precipitate  witb  nitrate  of  silver.     (E.  Davy.) 

By  saturating  the  solution  with  different  bases,  the  double  salts  of  fulminating  zinc 
are  obtained,  in  which  the  hydrogen  is  replaced  by  an  equivalent  quantity  of  another 
metal  or  of  ammonium  [they  were  regarded  by  Davy  as  pure  fulminates].  Those 
salts  detonate,  according  to  Davy,  between  176°  and  230^  C. ;  most  of  them  are 
soluble  in  water,  and  have  a  sweetish  rough  taste ;  their  solutions  precipitate  nitrate 
of  silver. 

Aluminium'^alt.—'YeiloWf  indistinctly  crystalline,  neutral,  slightly  detonating,  easily 
soluble. 

Ammonium-salt. -The  solution  evaporated  to  a  syrup,  solidifies  in  the  crystalline 
form.  The  salt  has  an  alkaline  reaction,  deflagrates  with  a  yeUow  flame  when  heated, 
and  on  exposure  to  the  air,  becomes  moist,  but  does  not  decompose. 

BaHum-salt, — CiystalliBes  from  the  syrupy  solution  in  flat,  transparent^  four-sided 
prisms,  which  are  alkaline,  explode  like  the  potassium-salt,  turn  yellow  when  exposed 
to  the  air,  and  are  soluble  in  aloohoL     (£.  D  a  vy.) 

Cadmium-salt. — White  opaque  needles,  which  slowly  turn  yellow  on  exposure  to  the 
air,  more  quickly  when  heated,  are  very  explosive,  sparingly  soluble  in  water. 

Calcium-salt. — ^Very  small,  alkaline,  detonating  crystals,  which  turn  yellow  when 
heated,  become  moist  when  exposed  to  the  air,  and  are  sparingly  soluble  in  water. 

Chromie-salt, — Small,  yellow-green,  detonating  crystals,  easily  soluble  in  water. 
Vol,  IL  3  B 
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Cohali-stilt—DeUcaiteycVLow  ne^ca,  dHonating^  s^&ringly  soluble  in  coU, 
soluble  in  boiling  wtitcr. 

^c/if-ja/^,— Obtained  b J  pivdpltatlng  a  iolution  of  falminnte  offuie  and  banosi 
with  li  dilute  solutiois  of  chloride  of  goKL  Brown  cxploai^'e  powder,  soluble  in 
by^lrocililorie  aci(],  and  strong  sulphuric  acid.  The  solutioii  in  ffulphnnc  acid  jiddi^ 
w'hon  diluted  -with  water,  a  dark  purple  pret^ipitutfl  ;  mid  the  liqnid  filtered  thccofrM 
>i(>M>f,  l>y  f-YrtponitioQ,  besides  a  deposit  of  metallie  gold,  hexagoaal  pruofes^  vfaidl  wf 
explosive,  insoluble  in  water  and  ia  iiydroehloric  licid,  but  soluble  in  nitio-li; 
atcid. 

Lead^alt. — ^White  ciystallino  powder. 

Moffneitium-salL'^Lon^,  flat,  foursided  pHsms,  which  m  opaque;  nentnl;  —^-^- 
by  heat  or  percKission,  but  not  by  contact  with  oil  of  ritriol;  una  difleolre  readily  b 
water  aud  in  oicohoL 

Mfinpautsf-stttt, — Viscoaa,  tctj  cxploenvo  mass. 

2^ickt;i-salt,—Yv:\loWt  or  yellowish  green  crusty  rery  oxplosiTe,  slightlj  aoloble  ia 
water* 

PuUadium-aalt. — Brown  explosive  precipitate,  maolnble  in  wat«r. 

M&timtm-»iilL — 'Obtained  by  deeompoidiig  fulminate  of  sine  aod   bortum    t^i  -i  < 

fihat'd  of  pint i num.  Brown  precipitate  which  explodes  without  detonAtiou;  tj:.«  ?iii'  t  i 
iquid  yieldu,  by  cvtiporation,  small  yellowish  brown  prisma  which  d«<Conal«  ^nt} 
ttr«jtjgly. 

Poiasfium-salL — Transparent,  colourlesst  rhombic  prisms,  which  hare  an  **V^1*«*  tr- 
act ion,  iind  a  sweetish  rough  tafite;  explode  violently  with  a  pale  rvd  flamev  by  hfltt, 
percufi&ion,  or  contact  with  oil  of  Titriol ;  deliquejce  in  the  air;  but  are  insolnhla  ia 
uloohol.     (E»  Dary.) 

Sttdiitm-nalt.^-KfSloTescent,  oblique  rhombic  priams  with  dihedral  AtnunilL  Ikt^ 
aate»  like  the  potaa^ium^wlt. 

Strontium-salt. — Small,  transparent  needles. 

rmCHCXSnC  ACX3>.     See  FunfiifATBS  (p,  730). 

FUXMXirirRXC  ACIO.  C'HrN'O*.  iMoejsfanurii?  add. — An  add  isomeaie  vitb 
cyaiiurio  atid,  which  iipp'ani  to  liave  been  discoverc^l,  independently  and  about  tba 
wimo  time  (1865).  by  Lie  big  (Ann.  Ch.  Pluirm.  xcr.  282),  and  by  Schischkoff 
(Ft^tersk  Aea*L  Bull  xiv.  98  ',  Ann.  Ch.  Phann.  jLcylL  63).  It  is  produced  bj  the  lo- 
tion of  alkaline  cUorides  or  iodides  at  the  boiling  heat  on  fulminating  mercury*  S  it» 
fulniinic  acid  (eontaining  2  nt.  carlK*n>,  being  converted  into  2  at  iHUminnric  add,  ao- 
coniing  to  Liebig:  SC^N-H^O'  =  SC'N'H^O*;  or  accoj\liiig  to  Schijicliko^  1  ai.  fidmiaie 
acid  (contaiDing  4  at.  carbon)  being  resolved  into  1  at.  fulminuric  and  I,  aL  (ryiiaie 
add :: 

C^N^H^O*  =  C^N-H'O^  +  CNHO. 

Schiechkoff  originully  regarded  fulminuric  acid  as  a  compound  of  I  at  ryanic  acid 
audi  ut  nitracetonitrile  ^  CNHO.NC*(NO*)fl*:  subpcfiuentlv  (Compt  tvnd,  li.  9ilX 

fC»(NO-)H  b 
he  haa  e^ressed  its  composition  by  the  formula  N  -!  Cv 

Preparation. ^'l.  Of  th*^  Ammcmium-itaU, — WpU  washed  fulmtnatiDg  raewpuiy  (6^-7^S 
gnus.)  is  mixed  in  a  glaiis  Hask  with  700  to  800  cnb.  ceut»  of  water,  60  cub.  cent  of 
a  eold-»ahirated  solution  of  sal-ammnniac  tlieu  added,  and  the  whole  heated  to  the 
bfniliu^  |K>iiit.  In  a  few  minutes,  a  yellow  crystalline  powder  begins  to  separate.  A* 
»oon  m  tlie  deposition  of  this  precipitate  hai«  ceased,  the  vessel  is  remoTed  from 
the  i<ai)d-bath,  and  caustic  ammonia  added  as  long  as  a  white  predpitate  is  foirmc*!, 
after  which  tie  liquid  ia  immediately  filtered  and  evaporated  to  the  crystalliaag 
point.  The  yellow  crystals  tlius  obt^iined  are  wnehed  with  water,  and  atterwajd* 
with  alcohol,  then  dissolved  in  hot  water,  and  the  solution  decolorised  bj  well-washid 
blood-charcoal,  or  bone-chorcoab  The  , filtrate  on  cooling  yields  daxalijig  white 
crystal  b  of  great,  beauty.    (  L  i  e  b  ig. ) 

2.  Of  the  PotaMtvm-salt.'-Iji&hi^  prepares  this  salt  in  the  same  manner  as  the  am- 
monium-salt.    SchiJ^chkofFs  mode  of  pi-eparation  is  oa  follows: 

2  ptSL  of  moist  fulminating  mercury  are  added  by  small  portions,  and  with  consteftt 
atirring,  to  a  nearly  saturated  and  gently  boiling  solution  of  I  pt^  chloride  of  poteSMmn, 
the  ebuUifion  bt^iiig  continuc^l  till  no  more  fulminating  mercury  remains  at  tne  bottom. 
The  liquid,  which  has  a  yellow  colour^  arising  from  the  formation  of  •  predpitate 
of  indefinite  *x)iiatitution,  in  then  iillered  hot,  in  order  that  the  principal  jtrtMlaet^  a 
conqxiund  of  fulminurate  of  potaasium  with  mercuric  oiide»  which  t*  a  curdj  aulvtaiK*', 
eparingly  soluble  in  cold  water,  may  not  be  deposited  during  the  filtration  ;  and  the 
yellow  predpitate  on  the  tilter  is  washed  with  hot  water.  The  fil Irate,  on  cooling  depcails 
the  curdy  compound  of  mercuric  oxide  and  fulminurate  of  potasdum,  a  furtlierqtmntitj 
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of  which  may  he  oLtaiued  by  concentrating  and  cooling  the  motlior-liquop  and  the  wash- 
water.  The  portions  which  separate  out  in  the  Hecond  and  third  coolings  are  con- 
taminated with  the  yellow  precipitate,  but  may  be  purified  by  solution  in  boiling  water. 
Ultimately  a  mother-liquor  is  obtained,  containing  an  excess  of  chloride  of  potassium 
and  a  considerable  quantity  of  mercuric  chloride.  To  obtain  the  fulminurate  of  potas- 
sium from  the  curdy  compound,  water  is  poured  upon  the  latter,  and  sulphydric  acid  gas 
passed  through  the  liquid,  whereujwn  sulphide  of  mercury  separates,  together  with  crys- 
tals of  the  poiassium-salt ;  and  to  obtain  the  latter,  the  entire  liquid  is  heated,  filtered 
hot>  and  left  to  crystallise.  On  cooling,  it  deposits  shining  colourless  cirstals  of  the  potas- 
sium-salt, a  further  quantity  of  which  maj^be  obtained  by  repeatedly  evaporating  and 
cooling  the  mother-Uquor.  In  this  manner,  ]  50  pts.  of  fulminating  mercury  yield  20  pts. 
of  fulminurate  of  potassium  (Sch  ischkoff).  Liebig  makes  no  mention  of  the  cunly 
compound  of  mercuric  oxide  and  fulminurate  of  potassium.  The  reason  of  SchischkoflTs 
having  obtained  it,  is  probacy  that  he  used  a  saturated  solution  of  chloride  of  potas- 
sium, whereas  Liebig  used  a  ailute  solution.  Liebig's  method  is  evidently  the  easier  of 
the  two. 

From  the  potassium-  or  ammonium-salt,  the  lead  or  silver-salt  may  be  prepared  by 
double  decomposition,  and  the  free  acid  may  then  be  obtained  by  decomposing  the 
lead-salt  with  sulphydric,  or  the  silver-salt  with  hydrochloric  acid. 

Properties. — The  aqueous  solution  of  the  acid  left  to  evaporate  in  a  warm  place,  so- 
lidifies to  a  compact,  yellowish,  indistinctly  crystalline  mass  (Liebig;  Sch  ischkoff). 
From  a  saturatiKl  alcoholic  solution,  the  acid  separates,  according  to  Schischkoflf,  in 
small  colourless  prisms ;  Liebig,  on  the  other  hand,  did  not  obtain  crystals  from  the 
alcoholic  solution.  The  crystals  are  anhydrous,  and  permanent  in  the  air  (Sch isch- 
koff). The  solution  has  an  acid  reaction,  and  a  very  sour  taste.  It  dissolves  very 
easily  in  water ;  the  solution  in  a  small  (quantity  of  water  forms  a  s^rup,  and  may  be 
evajK) rated  without  decomposition  (Liebig).  The  acid  is  soluble  in  boiling  alcohol 
(Liebig);  in  alcohol  and  in  ether  (Schischkoff). 

Divoiiiposiiions. —  1.  The  acid  and  its  salts  explode  when  heated,  the  decomposition 
of  the  acid  taking  place  at  150°  C.  (Schischkoff);  the  acid  detonates  slightly  when 
heated  (Liebig). — 2.  The  aqueous  solution  of  the  acid  in  decomposed  by  boiling  with 
mineral  acids,  a  salt  of  ammonia  being  formed,  carbonic  anhydride  evolved,  and  a 
brown  substance  produced,  which  has  not  been  further  examined  (Liebig).  Sulphuric 
acid  decomposes  the  salts  of  fulminuric  acid  without  blackening,  forming  sulphate  of 
ammonia,  and  eliminating  a  mixture  of  carbonic  anhydride  and  carbonic  oxide.  Weak 
hydrochloric  acid  has  scarcely  any  action  on  the  fulmin urates ;  but  the  strong  acid  de- 
composes them,  with  formation  of  ammonia  and  evolution  of  carbonic  anhydride.  On 
saturating  the  excess  of  hydrochloric  acid  with  an  alkali,  and  adding  a  calcium  or  barium 
salt,  ft  white  precipitate  is  formed ;  but  if  the  action  of  the  hydrochloric  acid  has  been 
long  continued,  and  the  liquid  has  been  afterwards  evaporated  to  dryness,  no  such  pre- 
cipitation takes  place. — 3.  Nitrous  acid  passed  through  a  solution  of  fulminuric  acid, 
decomposes  it,  with  evolution  of  gas  (carbonic  anhycWde),  and  forms  an  acid  which 
docs  not  precipitate  calcium-salts,  but  yields  with  nitrate  of  silver  an  insoluble  salt 
CDutaining  nitrogen. — 4.  Caustic  potash  heated  with  fulminuric  acid  or  its  salts, 
gives  off  a  large  quantity  of  ammonia,  and  forms  carbonate  of  potassium  ;  and  the  solu- 
tion, when  neutralised  by  an  acid,  forms  no  precipitate  with  chloride  of  calcium  or  ni- 
trate of  silver. — 5.  Caustic  baryta^  heated  with  fulminuric  acid  or  its  salts,  decom- 
poses them,  with  evolution  of  ammonia  and  formation  of  a  white  precipitate  containing 
carbonate  of  barium.  This  precipitate  dissolves  in  hydrochloric  or  nitric  acid  ;  and 
after  the  excess  of  acid  has  been  neutralised  by  ammonia,  a  precipitate  is  formed,  pro- 
bably identical  with  that  which  is  produced  on  adding  a  barium  salt  to  fulminuric 
acid  which  has  been  decomposed  by  hydrochloric  acid  (Schischkoff). — Sulpht/drie 
acid  and  sulphide  of  potassium  have  no  action  on  fulminurates,  oven  at  the  boiling  heat. 

Talmiimrates.  Fulminuric  acid  appears  to  be  monobasic ;  at  all  events,  all  the 
fulminurates  hitherto  obtained  contain  only  1  at.  metal  in  place  of  hydrogen. 

Fulminurate  of  ammonium^  C*N*II*(N  H*)0*. — The  preparation  of  this  salt  has 
already  been  described.  It  forms  monoclini?  crystals  isomorphous  with  the  potassium- 
salt,  and  having  a  :  b  :  <?  —  1  :  1-8205  :  2-4015.  Angle  of  inclined  axes  »  79°  6'. 
The  crystals  are  prismatically  elongated  in  the  direction  of  the  orthodiagonal,  and  are 
bevelled  at  the  ends  by  the  faces  -P.  Inclination  of  oP:  +Poo  =  120<>  6';  oP  : 
—  Poo  =  133°  58';  — P  :  -P  in  the  clino^liagonal  principal  section  =  74^^  42' 
(Ram  me  Is  berg,  Jahresber.  d.  Chem.  1857,  p.  289).  The  crystals  pansess 
great  refractive  and  dispersive  power,  and  exhibit  double  refraction  (Liebig. 
Rood).  Dispersive  power  »  01 006  nearly.  For  a  perpendicularly  incident  ray, 
the  angle  of  refraction  of  the  extraordinary  ray  =  4°  22'.  The  acute  angles  of  tho 
erj-stals  exhibit  prismatic  colours,  in  consequence  of  their  high  dispersive  power. 
They  ahto  exhibit  a  splendid  scarlet  colour,  arising  from  the  snpeipocntion  of  the  coloured 
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imiigei  of  tile  ordmiuy  an<l  extraordinary  raji,  the  rioM  of  the  first  fimitig  cbTI 
red  of  the  second ;  the  betiutj  of  tho  red  i^  niicuvorer  heLehtflDed  hj  the  neutziliulioi 
of  thejr^Ilow  (Eood,  Ana.  Ch.  Phjii*iii.  XjPV.  291).  The  CTj9t»lA  are  anhjrdiott: 
whoD  heated,  cbej  fuse,  bla^^ken,  and  gire  off  hydrociranic  acifl,  amnioniji,  and  afti»> 
vards  hjdmted  cyanic  acid,  which^  combining  with  the  ammonia,  forma  in  the  mtg 
part  of  the  tab^,  a  solid  ci7stalUne  maas  of  urea  (Liebig).  The  wait,  snstaina  a  Ml 
of  150^  C.  without  alteration,  buC  above  that  temperature  it  explodee  like  the  oilier 
ftdminnratps  (Schischkoff).  It  diflaol\i*a  gparinglj  in  oold,  readily^  in  hot  water; 
ia  inaolable  in  alcohol  and  ether,     (Li <^ big.) 

Futminurate  of  Barium^  C*K*H'Ba<y  -f  aq.— Obtained  by  dcnable 
»ition  ill  the  form  of  a  cryftaUine  pulp  composed  of  short,  thin,  white  needle^ 
dift^lve  comjiletely  in  a  very  large  quantity  of  hot  water,  and  aeparate  on  eooli^a 
hKnl  isolutea  cfyatala*  which  are  ooiourleae  and  transparent,  and  oftexi  take  tlie  farmd 
rhombic  prisms,  terminated  by  a  macrodiagonal  dome  (LinJ^ig).  According  to  Baai- 
mebber^,  the  lalt  forms  monoclinic  crrstals,  ezhibitiiig  the  faces  oep,  -«-Pw,  —  Pae, 
kP,  [p3C  ],  imd  prii^muticallj  elongated  in  the  direction  of  the  principal  axis.  B&tio 
of  axes  o  :  A  :  c  -  I  :  2032  :  2  348,  Angle  of  inclined  axes  =  72^  27';  »P:  wP  in 
the  dinodiagonal  principal  aection  =  54^  36' ;  oP  :  oeP« 97*^  67* ;  oP  :  ^  Poo  »l2(fiZ$: 
oP  :  -Pao  -  140^46';  oP  :  [P*  ]  ««  114^0'.  The cryutals  refract  doubly,  but  ia  a 
much  leaa  degree  than  the  ammonium  and  potaesiam-ealta,  the  angle  ofr«fi«etioiieflbe 
extraordinary  ray  for  pcrpendictdar  incidence  being  only  1*^  9'  (Rood),  Betw«eA  l^ 
and  ISO*^  C.  they  give  off  8  52  per  cent^  (1  at)  watar,  and  become  opai^ue;  at  a 
higher  tcmperatiiro,  they  decompose  like  the  potaiwinm-aalt.    (L  iebig.) 

Futminurate  of  Calcium  is  soluble  in  water  and  in  alcohoL    (Liebig.) 

Fulminurattof  Copper  has  not  been  prepared.  An  ammimiocupric /ulmmwrttt, 
2NH'  C'N'HHIfuO*,  or  fulminurate  of  aiumocupramnwnium,  (?N"H"[NH«tNH«)Cn]0», 
is  obtained  by  mixing  fulminuric  acid  with  a  solution  of  a  copper-aalt  in  excess  of  sis- 
monia  and  heating  the  Itauid  to  boiling.  The  liquid,  as  it  cools,  depoaita  the  salt  to 
beautiful,  fthiuing,  dark  bltie  prisMS,  which  undergo  do  change  in  the  air  ttt  Ofdnaiy 
tempenituros,  or  even  at  160°  C,  but  are  decompoeed,  with  ezplooioo,  at  fai^ber 
tempemtures.  It  is  nearlv  insoluble  in  water,  and  very  spaiingiy  soltible  in 
ammonia,  ^o  that  verr  small  quantities  of  fuhainuric  acid  may  be  aep«ntad  in  this 
form,    (i^chischkoff) 

Fu  Iminumte  of  Et  ky  /,^When  fulmiuujYite  of  potaaatum  is  inimeraed  in  alcohol, 
and  hjiirochJonc  acid  gtts  passed  through  the  Kquid,  chloride  of  potoasiom  is  formedt 
together  willi  fultxiinuric  fther ;  as  soon  as  the  reaction  is  complete,  the  stream  of  gis 
mutrt  be  diiicontinued,  because  an  excess  of  hydrochloric  acid  decomposes  the  ether, 
with  formation  of  a  cryataUlne  body.  After  the  excess  of  alcohol  and  the  chloride  d 
ethyl  formod  at  the  same  time  havfl  hceu  distilled  ofl^  and  a  sufficient  quantity  of 
water  bus  been  added  to  the  solution  of  chloride  of  potassium,  the  ftdminurie  c^er 
iiepttratc>!«  in  the  form  of  an  aromatic  liquid  ;  the  portion  which  remains  diaaolred  may 
be  8epar»t(4  by  agituling  the  watery  liquid  with  common  ether.  Folminuiic  ether  is 
deeompoRed  by  deoboUc  potash,  even  at  ordinal^  fcemporat  ures»  with  formation  <i 
fulminurate  of  p«:>tasbium ;  it  cannot  bo  distilled  without  decomposition.  Ita  aloobolir 
solntion  mixed  with  phenyltimiue  deposits,  after  a  few  days,  colonrleea,  siUgr  pnsmatic 
erystals,  which  melt  and  turn  brown  at  100^  C,  and  perhaps  eonsiBt  of  the  paenyhynide 
of  fulminuric  acid.     (Sobischkoff.) 

Fulminurate  of  Iron  {ferrosum\  separates  in  beautiful,  pale  green  ajstaJs  OD 
heating  a  fulminurate  with  ferrous  acetate.     (Schischkoff) 

Fulminurate  of  Lead. — Neutral  lead-salts  are  not  prcdpitated  Vy  the  alkaline 
fulmimmitos.  A  Atmk?  lead-salt,  PbKK2C*N'H='PbO»,  is  obtained  on  adding  basic 
iMtite  of  lead  to  a  solution  of  the  fulm  in  unite  of  an  alkaU^metal,  as  a  whita  cfjatal- 
lima  precipitate,  whi^b  dissolves  in  bmliog  water  and  aeparates  in  hard  yellowish 
eryiitiils  on  cooling.  When  decomposed  by  Bulphydrio  acid,  it  yields  fttlminnric  add. 
(Liebiy.) 

The  fuiminmratts  of  Lithium  and  Magnesium  are  soluble  in  water  and  in  aleoboL 

F ulminuratt  of  Mercury, ^The  acid  i*  not  precipitated  by  niercui«>as  or  msf* 
curie  salt*.  Mercuric  oxide  heated  iu  a  solution  of  the  acid  dissolves  in  it,  and  the 
liquid  on  cooling  deposits  a  mass  restnibling  the  curdy  comjjound  of  nm^vuric  oxide 
wit h  fulm i nurate  of  potassium.     (Schischkoff.) 

Fulmin-uratttif  Pota8»ium,  (}*N*H=KO'.— This  salt,  the  preparatiosi  of  which 
has  been  already  de*icriKHi,  forms  long  prisms,  having  a  strong  lustre  and  gre»t  refi»^* 
in^  power  (Lie big).  A  hot  saturated  solution,  rapidly  cooled,  »>lidi£es,  from  form- 
ation of  a  mass  of  very  small  silky  needles;  but  by  gentle  evaporation^  t be  ttlt  » 
obtnincd  in  Inrgi'  and  ytry  regular  crj'stals  isomorphous  with  the  ammoaia-^t 
(Bcljisehkoff).  Act'ordiiig  to  HamiQclsberg  {loCu  cit)^  they  exhibit  the  fiifiM  g&F. 
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odPoo,oP,  +Poo,  —Poo,  —  2P,  and  are  prismatically  elongated  in  the  direction 
of  the  orthodiagonal.  Ratio  of  axes  a:b'.  c  —  1  :  1-8704  :  2'3113.  Angle  of  inclined 
axes  «  83°  32';  ooP:  ooP  in  the  clinodiagonal  principal  section  =  66°  34';  oP  :  ooP  = 
93°  4';  oP  :  +Pqo    «  126°  2';  oP  :  -Poo    «r  132°  61'. 

The  crystals  are  doubly  refracting,  and  for  perpendicular  incidence,  the  angle  of  re- 
fraction of  the  extraordinary  ray  is  between  6°  and  6°  (Hood,  loc.  cit.\  They  are 
anhydrous  (Liebig).  The  salt  when  heated  exhibits  a  faint  glow,  and  gives  off  a 
small  quantity  of  gas,  like  a  mixture  of  an  organic  substance  with  nitre.  It  undergoeN 
no  change  at  226°  C,  but  at  a  hiffher  temperature  it  melts,  gixes  off  a  large  quantity  of 
hydrocyanic  acid,  and  afterwards  becomes  black,  and  explodes  with  a  red  flame. 
When  slowly  decomposed  in  a  covered  crucible  by  a  heat  gradually  raised  to  redness, 
it  yields  pure  white  cyanate  of  potassium  mixed  with  cyanide  ^Schischkoff). 
Heated  with  chloride  of  potassium  in  a  couibustion-tube,  it  gives  off  hydrocyanic  acid, 
then  carbonate  of  ammonia,  and  a  gaseous  mixture  containing  2  vol.  carbonic  anhydride 
to  1  vol.  nitrogen,  like  the  gas  evolved  by  the  decomposition  of  dry  fulminate  and  cyanate 
of  silver  mixed  with  sulphate  of  potassium.  The  residue  consists  of  cyanide  of  potassium 
mixed  with  chloride  (Liebig).  The  salt  is  less  soluble  in  cold  water  than  the 
ammonia-salt  (Liebig,  Schischkoff),  but  dissolves  in  hot  water  as  easily  as  the 
latter  (Liebig).  It  dissolves  in  10  pts.  of  cold  and  a  much  smaller  quantity  of 
boiling  water,  but  is  insoluble  in  alcohol  and  ether.     (S  c  h  i  s  c  h  k  o  f  f. ) 

Fulminurate  of  Silver, — ^A  hot  solution  of  fulminurate  of  ammonium  or  potas- 
sium mixes  with  nitrate  of  silver  without  turbidity,  but  as  the  liquid  cools,  fulminurate 
of  silver  separates  from  it  in  long,  very  thin  needles,  having  a  silky  lustre  (Liebig, 
Schischkoff).  The  crystals  retain  their  lustre  at  100°  C,  and  do  not  diminish  in 
weight  (Liebig^.  The  salt  is  not  blackened  by  light,  and  does  not  undergo  any 
change  at  160°,  but  at  a  higher  temperature  it  explodes  without  noise,  and  gives  off 
hydrocyanic  acid  (Schischkoff).  It  is  decomposed  by  heat  in  the  same  manner  as 
cyanate  of  silver  (Liebig).  It  dissolves  very  sparingly  in  cold,  but  with  moderate 
facility  in  boiling  water,  and  maybe  recrystallised  without  alteration.  (Liebig, 
Schischkoff.) 

Fulminurate  of  Sod  turn  is  more  soluble  than  the  potassium-salt,  and  crystallises 
from  the  aqueous  solution  by  slow  evaporation  in  long  prisms.    (Schisc  hkoff.) 

Fulminurate  of  Strontium  forms  monoclinie  crystals,  exhibiting  the  combina- 
tion +  P  .  -P  .  oP  .  ooPoo .  Ratio  of  axes  a  :  6  :  c  « 1  :  2718  :  3*468.  Angle  of 
inclined  axes  «  82°  60' ;  +  P  :  +  P,  in  the  clinodiagonal  principal  section  =»  47°  42' ;  -  P : 
-P  in  the  same  «  63°  4' ;  +  P  :  —P  in  the  orthodiagonal  principal  section  =  140°  49' ; 
in  the  basal  section  -  149°  28' ;  oP  :  +  P  - 102°  67';  oP  :  -P  =-  107°  36'. 

See  FuLMiNTJBATE  OF  Ethtl  (p.  740). 
C*H«NH)«  -  N»|(^^'P*)".    (Hagen.   Ann.   Ch.  Pharm. 

xxxviiL  276.) — A  compound  formed  by  the  action  of  ammonia  on  fiimarate  of  ethyl, 
and  deposited  in  white  scales,  when  the  ether,  mixed  with  aqueous  ammonia,  i»  set 
aside  for  some  time  in  a  cold  place.  It  is  insoluble  in  cold  water,  but  dissolves  in  boiling 
water  and  separates  out  unchanged  on  cooling.  It  is  insoluble  in  alcohol.  (Ha gen.) 
Fumaramide  yields  by  dry  distillation,  ammonia,  a  crystelline  sublimate,  and  a 
carbonaceous  residue.  Heated  with  aqueous  alkalis,  it  gives  off  ammonia,  and  when 
heated  for  some  time  with  water,  it  is  converted  into  fumarate  of  ammonium : 

C«N«HH)«  +  2H«0  -  C*H«(NH«)«0*. 

Compound  of  Fumaramide  with  Mercuric  Oxide. — Red  oxide  of  mercury  boiled  in 
water  with  fumaramide  is  rapidly  decolorised,  and  yields  a  white  pulverulent  compound, 
which  must  be  carefully  washed  with  boiling  water  and  dried  at  100°.  It  is  decom- 
posed by  hydrochloric  and  sulphydric  adds.  (Dessaignes,  Ann.  Ch.  Pharm.  Ixxxii. 
233.) 

VUMAJfcZC  ACJZB.    C*ll*0*  «  ^         ^4  I O*.   lAchcnic  acid,     ParamaUic  acid, 

(Lassaigne  [1819],  Ann.  Ch.  Phys.  [2]  xi.  93— Pfaff,  Schw.  J.  xlvii.  476.— 
Winckler,  Kepert  Pharm.  xxxix.  48,  368;  xlviii.  39,  363.— Pelouzc,  Ann.  Ch. 
Phys.  [21  Ivi.  429.— Schodler,  Ann.  Ch.  Pharm.  xvii.  148.— Rieckher,  ihid^  xlix. 
31. — Delffs,  Pogg.  Ann.  Ixxx.  436. — Dessaignes,  J.  Pharm.  [3]  xxxii.  48.) — An 
add  isomeric  with  maleic  acid,  differing  from  malic  acid  by  conteining  1  at  less  of 
water,  and  from  sucdnic  add  by  containing  2  at.  less  of  hydrogen.  It  exists  ready 
formed  in  several  plants,  viz.  Fumaria  officinalis^  Corydalit  hulhosa^  Glaucium  flavum^ 
Lichen  islandicus,  and  Boh  tus  pecudo-igniarius.  It  is  psoduced  by  the  dehydration  of 
malic  acid;  by  molecular  transformation  of  maleic  add,  namely,  when  that  acid 
is  heated  with  hydriodic  or  hydrobromic  add  (Kekul^,  Ann.  Ch.  Pharm.  SappL  iL 
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It5);fu]df  jiceordin^  to  Mullhiasen  (Ann.  Cb,  Fharm.  cL  17t\  i«  f^nnd 
nroducU  of  the  osculation  of  prot^^tn-conipoUDils  bj  nltimtitiriiitic!  acid. 

Laaeai^e,  in  1819,  f^rst  showed  that  in  the  drf  dktill&tio»  of  malie  aetd.  Uirrv  ts 
producod,  besides  maieic  aoi"i,  another  acid,  which  mu*  further  Lnvcstigmled  bj  Pdottit 
in  lH3i,  who  cdled  it  paramaleic  acid.  PfiifF  in  1826  found  in  Iceland  moaa  (Z«irAni 
ulandtcus)iLn  acid  tx)  which  he  gave  the  name  ol  lichenic  acid;  and  Winekler  in  18^ 
obtained  from  fumitory  {Fumaria  offitinalh)  an  acid  defiignated  aa  famimr  advl 
The  idi-ntity  of  this  acid  with  pammaleicr  iicid  waa  demonstarated  by  Deinai^y  in 
1834,  and  with  lichenic  acid  by  Schodlcr  in  1836.  The  boletic  acid  Ibttsd  hy 
Braconnot  in  Boifius  pwudo-ujniariu«^  and  anpposedby  bimto  be  a  dif^tinct  wc^ii,  wm 
phown  by  Bolley  (Ann,  Ck  Pharm.  Uxxri.  -le)  to  he  likewi«!  identical  wttli  fonuzic 
acid. 

Prrparation. — L  From  Fumiioiy.^Tiie  aq-aecms  decoction  of  the  fr^h  fiowetnf 
herb,  together  with  thoroota.  after  stminiug,  subsidence,  and  decantatian,  is  e^apCKBl*^ 
t$i*ht  over  tlie  open  lire  and  then  over  the  wati^r-batb,  to  a  thin  syrup  ;  and  thi*  ^JII^h 
while  SftiH  hot,  i&  mixed  with  a  ^mA\  quantity  of  hydrochloric  aeiti,  and  l<pit  for  tdi^H 
II  fortnight  in  a  co(il  place,  till  the  fumaric  acid  baa  separated  in  inir»i  brown  t^ai^H 
TJie  mother  liquor  is  then  diluted  with  water  and  poared  off*;  the  erjFtals  vad^H 
with  cold  water,  8U«i>ended  in  wat4»r,  and  slightly  8uper«atiirated  witli  cnp|v>Qat«r^H 
f»(itH!>^'«imn  ;  the  filtrate  slightly  atipcfvatnrated  with  stilplmric  aeld,  heated  "  ^^| 

hath,  mid  filtered  frr*ra  the  rpsuUing  dark  brown  resinouH  precipitate ;  tht  '^t^l 

cn'wtals  of  fumaric  acid  which  form  on  cooling  are  diissh:tlred  in  b   *  'Is^* 

•ohitiou  Ih  digested  with  animal  charcoal  and  filtered  r  it  then,  on  c<  ir- 

white  cr}'stab,  amouraing  to  6  156  per  cent,  of  the  fresh  herb  {\^  ihrs, 

fnmunite  of  calcium  contained  in  the  expressed  juice  may  alao  hv  dpcompoBcd  by 
oxjilic  acid.  This  salt  is  deposited  spontaneotialy  from  the  Extract um  Fur^.rtri^,  nfi^r 
two  yearn*  Htanding,  in  crystalline  prain,%  which  miiy  be  j^epanitcd  by  '  nf 

extract  with  aii  cqujd  quantity  of  cold  water,  then  decanting  and  wasli  M 

water;  when  de^'ompwed  by  aqueous  oxalic  acid,  they  yield  a  brownie- !  '^• 

mtiy    bf»   freed   from    itn    admixed    red-hrown    eulistance  by  mixing    i 
and  subliming,  or  by  solution  in  ethr-r  and  filtration  (Winekler,  R*  ^ 
xxxix.  48).— Trommadorff  (K   Tr  xxr.   2,  152)    precipitates  the  recently  «- 
prt'saed  juice  of  fumitory — after  sepuration   of  the  ecnm  which   fnrm*«i  oti  tiodit)|; 
^with  acetate  of  lead;  decompoeea  the  washed  precipitate  with  c  aciil^ 

and  obtains,  by  eyaporaling  and  cooling  the  fUtrat'',    l)T^:>wni8b   er  r-h  may 

be  purified  with  animal  charcoaL  A  similar  process  i«  followtu  i  ,  i  r ;  >  .niy, 
Dtlffrt   washes    the    yeU-nvisIi   green    precipitftte  thrown   down  by   ac^i  t       jJ 

(aftrr  it  hiift  »omewhat  diminished  in  volume  by  standing) ;  dries  it  in  f  ;■  liV  ^n 
]jiNulou«  ptiper  ;  mbn  it  to  powder;  stirs  it  up  with  nitric  acid  gradnally  add«i  (whi-rp- 
upctn  the  mass  swells  up,  but  gives  off  only  a  small  quantity  of  n'Vf'ti?  TTrprtur*); 
agitates  the  resulting  mixture  of  nitrate  of  lead  and  free  fiiroaric  «  '  \  hours 

with  n  little  water;  filters;   washes  the  residue  with  water;  and  ex  imaric 

at^id  with  Ijoiling  alcohol  of  ordinary  strength.  The  tileoholio  soluti 'u  i.^  tnen  cTapo- 
rated;  the  refliduQ  dissolved  in  ammoiiiu;  the  excess  of  ammonia  expelled  from  the 
Bolution  by  heiiting  ;  and  a  certain  quantity  of  lead  which  remains  in  it,  remoyfd  by 
suljJiydnc  acid  (the  ^eater  part  of  the  colounng  matter  also  teparHft"^  with  the 
nulphide  of  lead) ;  the  acid  fumarate  of  ammonium  is  brought  to  the  cryatallising  point ; 
the  crj'stals,  if  much  coloun^d,  are  purified  by  pressure  and  recryftaUisation ;  tliesaltt^ 
then  ais*olTed  in  hot  water  ;  and  the  solution  treated  with  nitric  acid,  to  i$ep%rdte  the 
fumarie  acid,  which  then,  after  the  liquid  has  cooled,  cr)fitallis<e8  out  complctelyi  b«t 
only  after  a  considerable  time.  The  nitric  jifid,  if  added  iu  sligbt  exocaa.  geoerally 
effects  the  complete  dcMtruLaion  of  the  eohjuring  matter.  By  thia  process*  Dol&  ob- 
taine<l  more  than  5  dracIiniH  of  pure  ftimaric  acid  from  20  lbs.  of  the  herbu 

2.  Frtyffi  Icffitnd  jT/^a'?.*.— Sixty-four  pt^a,  of  the  lichen  are  macerated  for  Bcvme  time  in 
water  oontniniug  earbonnte  of  pof«i-Hsium  ;  the  filtTate  is  precipitated  with  Ae«tat«i  of 
lead;   the   wafthiMlVTowni**!!  precipitate  decomposed  by  sulnhydric  acid ;   the  filtr^t* 
evaporated :  and  the  iTVHtfdai  of  the  acid,  which  istill  contain  lime,  are  purif!    '     "'  ' . '' 
The  clio[tped  lichen  is  muceratixl  for  six  days  with  water  and  milk  of  lime, 

being  frequently  stirred  ;  and  tbo  ex{>reB*ied  turbid  lionid  is  eraporated  to  li^^  ..^  „,,:^ 
acidulated  with  acetic  acid,  then  heated,  mixed  with  ba»ic-acetate  of  land,  m  Unag  m 
reddish  Hocks  oontainiiig  brown  colouring  matter  continne  to  separate,  and  f!lterc*l 
hot.  The  filtrate,  on  coolmg,  df'posita  white  or  brown  ^yellow  needles  of  the  In  ' 
and  an  additional  quantity,  though  impure,  on  further  evaporation;  the  lead-t^  i 
be  decomixjscd  by  sulphydi  lo  or  sulphuric  acid.  The  impure  add  is  pnntie.l  hy 
boiling  with  dilute  nitric  acid,  and  cooling  to  the  crystjdliflng  point    (Schodler.) 

3.  Fnnn   Ghtwium  lufcum. — The  cxprc««»od  juice  ia  boiled  and  precipitrifed  liy 
«mmonhi ;  the  filtrate  OTaporaied;  mixed  whili?  atill  hot  with  a  small  quantity  of  nitric 


FUMARIC  ACID.  743 

acid ;  then  with  nitrate  of  lead ;  and  left  to  cool  till  the  lead-salt  Bcparates  mostly  in  the 
crystalline  form.     (Probst,  Ann.  Ch.  Pharm.  xxxi.  248.) 

4.  From  Malic  or  from  Maleie  acid. — Malic  acid  is  heated  for  some  time  to  a  tem- 
perature a  little  above  130°,  whereupon  water  passes  over,  together  with  maleie  acid, 
and  famaric  acid  remains  behind  in  the  solid  state ;  or,  crystallised  maleie  acid  is 
lK)iled  in  a  long  glass  tube,  so  that  the  evolved  water  may  continually  flow  back  again, 
till  the  maleie  is  converted  into  fumaric  acid  (Pelouze).  Dessaignes  (Compt. 
rend-  xlii.  624)  obtains  fumaric  acid  by  heating  malic  acid  for  several  hours  with  hy- 
drochloric acid.  On  the  other  hand,  fumaric  acid  is  converted  into  malic  acid  by  heating 
it  with  hydrochloric  acid  in  sealed  tubes.    (See  below.) 

Properties. — The  add  obtained  from  malic  acid  crystallises  from  the  aqueous  solu- 
tion, in  broad,  striated,  colourless  prisms,  sometimes  rhombic,  sometimes  hexagonal 
(Pelouze);  that  obtained  from  fumitory,  in  scales  united  in  stellate  groups  (Wi  nck- 
ler);  that  from  Iceland  moss,  in  needles  (Pfaff);  in  crystals  aggregated  in  cauli- 
flower-like tufts (Schodler).  The  acid  sublimes  in  long  white  neeiUes  (Lassaigne 
Winckler).  It  requires  a  high  temperature  to  melt  it;  volatilises  somewhat  above 
200°  C.  even  before  melting,  and  sublines  for  the  most  part  unaltered,  but  partly  re- 
solved into  water  and  fumaric  anhydride.  It  is  inodorous,  tastes  very  acid,  and 
reddens  litmus  strongly  (Winckler,  Pelouze,  and  others).  It  dissolves  sparingly 
in  cold,  readily  in  hot  water ;  also  in  alcohol  and  ether. 

Decompositions. — 1.  When  fumaric  acid  is  heated,  a  small  portion  of  it  is  resolved 
into  fumaric  anhydride,  C*H*0*,  which  volatilises,  and  water  (Pelouze). — 2.  It 
may  be  set  on  fire  by  a  flaming  body,  and  then  bums  with  a  pale  blue  flame  (Winck- 
ler).— 3.  When  triturated  and  heated  Yiith  peroxide  of  Utid-^  it  first  gives  oflf  water, 
and  then  takes  fire,  without  emitting  any  odour  of  formic  acid  (Rieckher.^  — 
4.  The  colourless  solution  of  the  acid  turns  brown  when  heated  (Winckler),  and  gives 
off  sulphurous  acid  (Rieckher). — 5.  The  aqueous  solution  of  the  acid  is  not  altered 
by  eight  days*  boiling,  or  when  heated  in  a  sealed  glass  tube  to  260°  C,  not  being  in 
fact  converted  into  malic  acid.     (R.  Hag  en.) 

6.  Fumaric  acid  enclosed  with  hydrochloric  acid  in  a  sealed  tube,  and  heated  to  100°  C. 
for  140  hours,  is  partly  converted  into  malic  acid  On  evaporating  the  resulting  liquid 
to  dryness,  and  treating  the  residue  with  a  small  quantity  of  water,  to  separate  unaltered 
fumaric  acid,  the  last  mother-liquor  yielded  by  evaporation  a  deliquescent  syrup,  which, 
after  drying  at  100°  C,  fused  readily,  and  yielded  fumaric  acid  by  dry  distillation. 
Another  portion,  half  saturated  with  ammonia,  yielded  by  evaporation,  first  crj'stala 
of  acid  fumarate  of  ammonium,  which  gave  a  precipitate  with  ferric  chloride, 
then  transparent  prisms  of  a  salt  which  did  not  precipitate  ferric  chloride,  even  after 
addition  of  ammonia,  melted  at  40°  C.  (acid  fumarate  of  ammonium  does  not  melt 
even  at  200°),  and  was  converted  at  160°  into  fumurimide,  which  is  the  product 
obtained  by  heating  acid  malate  of  ammonium.  Hence  it  appears  that  part  of  the 
fumaric  acid  treated  as  above  described  had  been  converted  into  malic  acid. 
(Dessaignes,  J.  Pharm.  [3]  xxxii.  48.) 

7.  Fumaric  acid  is  not  decomposed  by  boiling  with  nitric  acid,  or  with  water  and 
jxroxide  of  lead,  or  acid  chromate  of  potassium  ;  and  it  does  not  precipitate  platinum- 
i'luck  from  solution  of  chloride  of  platinum:  it  exhibits  therefore  no  great  tendency 
to  decompose  under  the  influence  of  oxidising  agents. — 8.  On  the  other  hand,  it 
easily  takes  up  hydrogen,  under  the  influence  of  certain  reducing  agents,  and  is  con- 
verted into  succinic  acid : 

C«H«0*     +     H«     «     C<H«0*. 

Fumaric  acid.  Succiotc  acid. 

This  change  takes  place  when  aqueous  fumaric  acid  is  placed  for  a  few  hours  in  con- 
tact with  sodium-amafgam,  or  when  it  is  heated  with  hydriodic  acid.  In  like  manner, 
when  heated  to  120°  C.  in  a  sealed  tube  with  htfdrobromic  acid,  it  is  slowly  transformed 
by  addition  of  1  at  HBr,  into  monobromosuceinic  acid,  C*H*BrO*,  and  when  heated 
for  a  few  minutes  to  100°  in  a  sealed  tube,  ^-itli  bromine  and  water,  it  is  converted,  by 
addition  of  2  at.  bromine,  into  dibromosuccinic  acid,  C'H*Bi*0*.  (KekulA,  Ann.  Ch. 
Pharm.  SuppL  i.  129 ;  R^p.  Chim.  pure,  1861,  p.  484;  Jahresber.  1861,  p.  366.) 

rmnarates.  Fumaric  acid  is  dibasic,  forming  dim(taIHc  or  neutral  salts, 
C*H^P0*,  and  monometallic  or  acid  salts,  C'lT'MO*.  Some  of  the  fumarates  are  crys- 
talline, others  pulverulent,  and  most  of  them  have  a  mild  taste.  None  of  them,  ex- 
cepting the  ammonium,  copper,  and  mercury  salts,  become  carbonised  till  they  are 
heated  above  250°  C.  They  are  decomposed  by  phosphoric,  sulphuric,  hydrochloric,  and 
nitric  acids  ;  but  fumaric  acid  expels  acetic  acid  from  the  acetates.  Many  fumarates 
dissolve  in  water,  but  none  in  strong  alcohol.  Solutions  of  the  alkaline  fumarates  pre- 
cipitate most  metaUic  salta,  but  not  those  of  zinc,  alumiiiiam,or  chromium :  fumarate  of 
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sine  is  e&silj  «olnb1e,  and  fnmarie  iieid  does  not  iippcAr  to  be  ei^)ablii  of  fonnlizg  fllti 
with  iduminmm  or  chromium. 

Fumaratti  of  Ammonium, — The  neutral  wit  is  tgij  Boluble  in  v«ler»  and  tp 
ooiiTertixl  into  the  acid  suit  by  evuporatioii. 

The  acid  salt  w  obtained  by  Katamting  fumaric  add  with  amnicmia,  and  leariag  tlbr 
ffolntian  to  erajyoratc  in  a  non -exhausted  recoiTororer  linao  aiid  oil  of  vitriol,  or  iii^ii«P 
over  hydrate  of  potassium.  It  erystaUifles  in  obliqna  rhooibic  priflma,  tmiieat«d<A 
the  lat<Tal  i»clgeii,  Tcry  soluble  in  water  and  alcohol  According  to  Paa  tear  (Ajxa.  CL 
Phys,  [3]  xxxi.  91),  the  crystals  are  monoclinic  prisma,  usuAUy  exhibiting  the  f»ea 
otP,  ocFoo  ,  oP,  —P.  Inelination  of  ooP  :  wPin  the  ortliodiagonitl  prinetpal  ardioft 
^  110°;  oP:  QDpoo  »  86<>6l';  ^P  :  -F  ^  132^  d2*.  The  solution  hASoaMttOBfli 
polarised  light. 

Fit  ma  rate  of  Barium,  C*H^a»0*  (at  100*  C.).— Pamarie  acid  dot»  not  pK- 
cipitAte  baryta-wat-er  or  chloride  of  barium.  Fumanite  of  barium  ia  obtained  by  dii- 
■olring  fu marie  acid  in  a  hot  aoltttion  of  acetate  of  barium,  or  by  mixing  the  two  imb- 
BtanceA  m  hot  eoncentyated  solutions.  It  is  then  deposited  on  cooling  in  anhydn>vi 
ci^stalline  grains.  It  may  also  be  prepared  by  adding  fumarat«4  of  potntfium  or  urn- 
inonium  to  chloride  of  barium,  being  then  deposited  in  small.  shiDing,  rbomboldaL  bf- 
drated  prisms,  which  effloresce  quickly  in  the  air»  giving  off  16  pe>p  cent  waltr,  sad 
when  heated  to  100^  C.  lose  20  81  per  cent,  water.  It  is  very  soluble  in  watjir  sad 
alcohol,  not  soluble  in  fumaric  acid,  or  in  any  other  acids  in  the  dilute  state. 

There  does  not  appear  to  hu  an  acid  fumarate  of  barium. 

Fumaraie  f>/  Calcium,  C*H»Ca*0*  (at  200°  C.).— Thifl  aalt  ocean  in 
Fumaric  acid  does  not  precipitate  lime-water  (Laaaigne),  or  chloride  of 
From  a  hot-filtered  solution  of  oarlwjnate  of  calcium  in  fiimaric  acid,  or  from  a  i 
of  fumamt«  of  potABsium  with  act*tato  of  calcium,  colourless  shining  scales 
after  a  while,  which  tire  tasteless,  permaneut  in  tjie  air,  and  scareely  aollible  in'mkr 
or  alwhoL  An  aqueomi  mixture  of  fumaric  acid  and  acetate  of  calcium  depoaifei  hif Uy 
lustrous  crystjils,  which  are  sparingly  soluble  in  water,  insoluble  in  alcohot  giTB  off 
the  greater  part  of  their  wat^r  at  Wi}^  C,  and  the  whole,  amounting  to  25-66  per  cent 
(8  at>)  at  200^. 

Fomarate  of  calcium,  exposed  for  some  weelca  to  the  heat  of  summer,  in  contact  villi 
eheese,  is  converted  into  Buccinatet 

Fumaric  acid.  Succiuk  Mid. 

F  urn  a  rate  of  Cohait^  C^H'Co'O^  +  3  aq.^A  mixtUK  of  fumaric  acid  and  ac«<at<» 
of  cobalt  dcMM!  not  yiold  crj'stalfl  by  evaporation  j  but  on  adding  alcohol  to  the  coa- 
centratt^d  solution,  fumaratc  of  cobalt  is  deposited  in  the  form  of  a  Kwe-cwlouft-si  pul- 
vpniknt  precipitati^  It  is  Tery  soluble  in  water  aod  in  ammonia,  sligjhtly  in  w«ak 
Hicobol.  It  gives  oflF  2  at.  wat<?r  at  lOO^  C,  and  1  at,  mo«s  at  200*',  in  iJl  S  at.  » 
23*82  per  cent. 

Fumftratf  of  Copper,— FmDaTntc  of  potassium  added  to  cuprio  snlphata,  throws 
down  A  pale  blue  crystalline  powder,  froiublc  in  bydrt^cbloric  or  nitjie  add,  inmlobte 
in  water  and  aleolioL  Aqueoua  cuprie  acetate,  heat^^^l  with  fumaric  acid  till  ihe  laliUr 
dissolves,  depositij  a  bhie-green  crystallitie  powder.  This  salt,  after  drying  in  tlits  tk^ 
gins  off  17'fi7  pcT  cent.  (rathf*r  more  than  2  at  J  water  at  100°  C,  and  23 '61  (3*1) 
in  all  at  200^  ;  at  230*=*,  it  auffers  a  total  loas  of  48  or  49  per  cent,  aasuming  at  the 
atime  time  a  brctwn  colour  and  being  partially  decomposed.  It  disaolTce  readily  in 
nitric  acid,  with  Reparation  of  fumjtric  acid ;  slowly  in  water  and  alcohol,  and  it  ia* 
soluble  in  boiling  fumaric  acid,     (Rieckher.) 

Fumaritte  of  Cupramnuyniitm  is  dc^positod  in  shining  dark  blue  octahedfooa  W 
evaporating  a  solutioD  of  fumarate  of  copper  in  ammoniiL  On  adding  alcohol  to  tfak 
solution,  the  salt  is  ppeeipitated  in  siJky  blue  neefUes. 

Fumarate  ofEthyt,  C^H^^iV  ^  C*H»(C*H*)'0*.  Fumaricelhrt,  Hagen  (AmL 
Ch.  Pharm.  xxxviii.  274),— A  solution  of  fumaric  or  of  malic  acid  in  absolute  alei:>hol 
is  Ratiirat-ed  with  hydrochloric  acid  gas,  the  mixture  distilled,  and  the  fumaric  etlis^ 
which  pawtps  over  after  the  hydrochloric  ether,  and  whtfu  the  heat  haa  risen  consid*^!*- 
ably,  is  colleetod  in  a  separate  receiver,  and  dried  ovi^r  chloride  of  calcium.  It  is  an  otJy 
liquid,  heavier  than  water,  and  having  a  pleasant  fruity  odour  ;  slightly  solulde  in  watfr- 

The  ethtr  heated  with  p.tt!i*ih-ley.  is  r»^»*olved  iritofiimarate  of  potassium  and  alcohiil. 
Treated  with  aqueous  ammonia,  it  deposits  after  some  time  ciystds  of  fumaramide : 

C*H**0*  +  2Nn*  »  C^N^n'O'  +  2C^H«0,  

Fumaraivof  lron{ ferric),  — It^v-^n tly  preci pit f itt-d  ferric  hy drata  does  not  i 
solve  m  aqneouB  fumflric  acid,  eren  with  th«>  aid  of  heal.     The  oqneona  acid 
brownish  ycUow  predpitato  with  ferric  sulphate.     Fumarate  of  ammonium  or  fodimn 
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{crmB  with  sesquichloride  of  iron  a  pale  brown-red  precipitate,  insoluble  in  excess  of 
the  ammonia-salt  (whereby  it  is  distinguished  from  the  precipitate  formed  by  succinic 
add).  It  is  very  bulky,  and  difBcult  to  wash ;  soluble  in  acids  but  not  in  ammonia ; 
and  whether  precipitated  from  cold  or  from  hot  solutions,  contains  after  drying  at 
200°  C.  44*08  per  cent  ferric  oxide. 

Fumaratee  of  Lead,—!.  Neutral  or  Diplumbie  salt,  C^BPPbK)*  (at  200®  C.).— 
Halate  of  lead  is  converted  at  200°  C.  into  fnmarate  (Bieckher).  The  dilute  potas- 
sium-salt mixed  with  acetate  of  lead  acidulated  with  acetic  add,  throws  down  a  white 
crystalline  powder,  which  dissolves  on  boiling,  and  crystallises  after  a  while,  on  ooolinff, 
in  white  shining  tufts  of  needles.  The  free  add  behaves  in  a  similar  manner  wiui 
neutral  acetate  of  lead.  The  dried  salt  does  not  decompose  at  200°  C.  When  heated 
over  a  flame,  it  takes  fire  and  bums  away  with  a  glimmering  light,  leaving  a  mixture 
of  lead  and  a  small  quantity  of  protoxide.  The  needles,  after  drying  in  the  air,  contain 
16*28  per  cent  (3at)water(PelonEe);  9*31  per  cent.  (2  at)  acooMing  to  Bieckher. 
The  salt  dissolves  readily  in  nitric  add,  with  separation  of  fumaric  add;  it  is  nearly  in- 
soluble in  cold  water,  and  in  strong  acetic  acid,  but  dissolves  with  tolerable  facility  in 
boiling  water,  separating  out  again  unchanged  on  cooling.     It  is  insoluble  in  alcohoL 

2.  A  sexplumbic  salt,  Pb*0.2C«H-Pb«0«  (at  230°  C),  is  obtained  by  predpitating  bade 
acetate  of  lead  with  add  fumarate  of  potassium.  The  white  precipitate,  which  quickly 
sinks  down,  gives  off  all  its  water  of  crystallisation  at  180°  C,  and  bears  a  temperature 
of  230°  without  decomposition.     (Bieckher.) 

3.  Another  sejcplumbic  salt,  2Pb«0.C*H«Pb'0*  (at  230°  C),  is  obtained  by  treating  the 
neutral  salt  with  ammonia.     (Bieckher.) 

Fumarate  of  Magnesium,  C^H«Mg*0*  (at  200°  C.).— Fumaric  acid  mixed  with 
aqueous  acetate  of  magnedum,  and  evaporated  to  a  syrup,  yields  no  crystals ;  but  if  the 
greater  part  of  the  acetic  add  be  expelled  by  thorough  di^ring  in  the  water-bath,  and 
tike  residue  exhausted  with  alcohol,  fumarate  of  magnedum  remains  undissolved,  in  the 
form  of  a  white  powder,  which  gives  off  34*48  per  cent  (4  at)  water  at  200°  C,  but 
only  2  at  at  100°. 

Fumarate  of  Manganese,  C*H*Mn*0*  +  3  aq. — Fumarate  of  ammonium  added 
to  a  solution  of  manganous  sulphate  precipitates  this  salt  in  the  form  of  a  white 
powder.  When  fumaric  add  is  heated  with  solution  of  manganous  acetate,  a  white 
powder  is  formed,  containing  3  at  -»  24*7  per  cent  water,  which  it  gives  off  at  100"^  C. 
The  salt  is  sparingly  soluble  in  water,  insoluble  in  alcohol. 

Fumarates  of  Mercury. — 1.  Mercuric  salt.— The  potasdum-salt  throws  down 
from  the  solution  of  mercuric  chloride,  a  mixture  of  yellow  needles  and  a  white  cryn- 
talline  salt  Free  fumaric  add  gives  no  precipitate,  either  with  corrosive  sublimate  or 
with  mercuric  nitrate ;  it  does  not  dissolve  mercuric  oxide,  even  with  the  aid  of  heat 
(Bieckher.) 

Mercurous  salt. — An  aqueous  solution  of  mercurous  nitrate  forms  with  fumaric  aeivl 
or  alkaline  fumarates,  a  white  crystalline  precipitate,  which  suffers  no  perceptible  loss 
and  no  change  of  colour  at  100°  C.     ^Bieckher.) 

Fumarate  of  Nic k el.— Ohtained  like  the  cobalt-salt  Pale  green  powder,  which, 
after  drying  in  the  air,  gives  off  26*49  per  cent  (rather  more  than  3  at)  water,  30*61 
per  cent  (4  at)  in  all  at  200°  C,  and  at  230°  suffers  a  total  loss  of  36*22  per  cent  with 
colouring  and  partial  decomposition.  It  dissolves  in  water,  weak  alcohol,  and  ammonia. 
(Bieckher.) 

Fumarates  of  Potassium.— I.  The  neutral  salt,  C*H«K«0«  +  2  aq.,  obtained  by 
neutralising  the  acid  with  aqueous  carbonate  of  potassium,  and  evaporating,  forms 
large,  transparent,  colourless  rhombic  tables  and  four-sided  prisms,  often  aggregated 
in  stars,  permanent  in  the  air,  and  having  a  mild,  scarcely  saline  taste  (Winckler); 
or  laminae  united  in  radiating  groups  (Pelouze).  The  salt  effloresces  during  the 
evaporation  of  its  solution,  but  deposits  shining  striated  prisms  at  the  bottom  of  the 
vessel ;  sometimes  the  solution  yields  on  evaporation  a  liquid  which,  in  12  to  24  hours, 
is  converted  into  a  crystalline  powder.  The  crystals  become  opaque  at  a  gentle  heat, 
and  give  off  17*06  per  cent  (4  at)  water  at  100°  C. ;  at  a  higher  temperature,  they  melt 
impnfectly,  blacken,  swell  up  to  ten  times  their  original  bulk,  and  leave  a  reddue  of 
charcoal  and  carbonate  of  potassium.  The  salt  dissolves  readily  in  water,  but  not  in 
alcohol  (Bieckher).  From  a  concentrated  aqueous  solution,  acetic  add  throws  down 
the  acid  potassium-salt ;  alcohol,  the  neutral  salt,  containing  16*61  per  cent  (therefore 
2  at.)  water  of  crystallisation. 

2.  Acid  salt,  OH*K0*. — From  the  cold-saturated  aqueous  solution  of  the  neutral 
salt,  water  saturated  with  fumaric  acid  precipitates  the  add  salt  in  needles.  It  forms 
sliining,  tufte<l  needles,  and  oblique  four-sided  prisms,  permanent  in  the  air,  and 
having  a  pleasant,  strongly  sour  taste.  They  give  off  1  at.  water  at  200°  C,  and 
decompose  at  a  higher  temperature,  like  the  neutral  salt.  Thcv  dissolve  much  less 
abundantly  in  cold  water  than  the  neutral  salt,  plentifully  in  boiling  water;  are  nearly 
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insolable  in  cdd  alcohol  of  81  por  eent,  but  dinsolro  sparinglj  therein  at  a  boOiiig  bm^ 
and  crystiillts^  on  cooling. 

Fu  ma  rate  of  Sihjer,  C*IPAgK>*.— Free  funmric  add  add^wl  to  nitnt^  vi^m 
UiTQWB  down  a  fiDO  whit^  powder  (LaRSAigne).      Th«    >     '  '  'isaolicdk 

200,000  pts.  of  Witter,  still  prccipitatea  sUrer-flolution ;  a/  ^  f^'^*' 

t»it«  it  eren  at  higher  d*?grec»  of  dilation*  no  coinplet4^1y^  i ; . .-,    .  - . :  nito  fllkovf 

no  turbitlity  on  the  addition  of  hyilrochloric  add  (P e  1  o u  /  <  i  r  it-  powder,  after  \mt^ 
washed  anddriod  in  the  dark^  is  whitc^  tolorablj heary,  nt':\r!y  tasff  lea^i,  and  adliereito 
the  flngf^rs.  It  turns  brown  when  heated,  afterwArda  decompo«ji^  with  ali^t  di^tosiliia 
and  sparkling^  and  leav^a  a  bolkj,  TeWet-bhick  maaa,  which  leaT«fl  ixi«taUiie  whv 
when  burnt.  When  heated,  it  deflagrates  like  gunpowder.  It  diaaolrea  readlij  ii 
mXrxc  acid,  with  liberation  of  fumanc  acid.  It  is  insoluble  in  wsit^r,  and  ts  not  d»^ 
composed  by  continued  boiling.  It  dissolTea  readily  in  ammonia,  and  wken  tlie  tm- 
monia  eraporatea,  yields  delicate  ahtning  prisma^  which  give  off  potash  whea  tfiilai 
with  ammonia. 

Fufnaratf  of  Sodium^  C*TFS&^0*. — The  salt  prwipitated  bj  alcohol  firora  lit 
aqueous  solution,  is  a  rrystalliuc  powder  containing  10-03  per  e^nt,  (1  at,^  wntcr;  v\m 
the  eolotion  is  craponited,  the  salt  cryBtallisea  in  needles  and  prisri!  sag  tS'Vt 

per  cent  (3  at,)  water.     The  water  escapes^  for  the  most  purt^  at  i  mfleidf 

at  200'^,  and  the  residue  contains  38*77  per  cent  sodiw  It  is  a  cr\  ^,,x..4x^i  iuassow- 
sistiog  of  needles,  permanent  in  the  air,  naTing  a  funt  silky  lustre,  mad  a  warm  saha* 
taste ;  it  behaTes  in  the  fire  like  the  potaasiitm-salt,  disaolTca  readUj  in  M>ld  wibe: 
but  is  insoluble  in  alcohol. 

It  does  not  appejir  possible  to  prepare  an  acid  fumaraU  tf  sodium  Ofr  a  fmrnutMH  •} 
90dium  and  potassium,  or  of  ammonnim  and  potassium,    (B  i  e  e  k h  o  p, ) 

Fumarate  of  Strontium,  C*H=Sr*0*  +  3 aq. — Aqneona  fumaric  add  dMi  Vt 
precipitate  strontia-water ;  but  on  adding  the  acid  to  a  solution  of  acetate  of 

a  white  crystalline  powder  is  precipitated,  consulting  of  famarate  of  

3  at.  water.     It  is  Tory  slightly  solnblc  in  water  and  m  sJoohoL 

Fumarate  of  Zinc,  5*H*Zn''0* 4  3 aq.— Aqneoua  fnmaric  acid*  aatnratiHl  at  tiit 
boiling  heat  with  oxide  or  carlxinate  of  zinc,  yields,  on  further  concentrsfmn  Urst 
oblique  prisma  having  a  ritreotis  lustre  ;  rerj  soluble  in  water,  but  iijis^I 
hoi,  and  containing  3  at.  crystallisation -water ;  but  the  same  solution,  if 
^mi^  fi|x^ntaneo««ly  in  a  cool  place,  yields  crystidB  which  contain  4  aL  waU-r  1  -^  u-^  pf 
"^    it.)  and  pfflorefecc  in  the  air. 

iiciimxo  JkiraT]>RZi>B.    C^^O"  *.  (C*H»0*r.O.     (Pc!  — --    *—   r\ 

Phys.  [2]  lri»  72.) — This  IkxIv,  which  may  also  be  regarded  as  m; 
produced  when  maleic  or  fitmriHc  acid  is  heated.  To  prepare  it,  • 
acid  is  wpidly  distilliHl,  with  change  of  I^eceirer,  till  nothing  but  f  r 
add  remains  behLnd ;  and  the  last  distiUate  (the  first  Wing  war 
rectified  in  the  same  mjmner,  the  first  watery  portion  of  the  distill^ir 
set  aside,  till  the  la»t  distillate  passes  over  completely,  without  first  ^ 
without  leaTing  a  residue  of  fumnric  acid. 

The  anhydride  melts  at  67^  C,  and  boils  at  176^.  Wlien  slight Ij 
boiling  point,  it  decomposes,  turning  brown^  and  giving  off  gas. 

rimKASIC!   STSSm.     See  FuMABATH  of  Ethtl  (p.  744). 

ItmEAKXBSlSIU      C*NIPO*  =  nI^*^'^*^T     (Bessaignes*     Compt.    tmL 

XXX.  324  ;  J.  Wolff,  Ann.  Ch.  Pharm.  Ixit.  293.)— Formed  by  the  action  of  Iw^  m 
acid  mulute  of  ammonium.     \Mien  this  salt  \&  he^ited  in  au  oil-bath  to  160*^ — 2CKT^'  C, 
it  mt'Itw,  twills  up,  giTcs  off  water  containing  a  verj'  small  quantity  of  ammootn,  srHl 
leaves  a  reddish,  transparent,  somewhat  resinous  mas«»  x^ry  sparingly  i*idy1 
even  at  the  boiling  he^t.      This  residue,  aft4*r  being  wa^heii  witli  hot  \r.nr 
amorphous  powder,  having  a  pale  l>riek-red  colour  and  earthy  ta*te.      \^ 
100"^,  it  exhibits  the  composition  of  fnmarimide  +  J  at.  water  (Dessai^n 
the  residue  obtaioe^l  as  above  is  exhausted  witli  boiling  water,  the  wa«h'\ 

on  cooling,  a  fine  white  powder,  which  remains  suspended  in  the  liquid,  bnt  is  immp<  \ ■ 

precipifuted  by  Oi-irls.      This  snV/stancf,  aftCT  being  several  timts  dissolved  in  v^   s^ 

and  reprex-ipitated,  exhibit*  nearly  tJic  composition  of  anhydrous  fumoHinide.     (\V  o  I  it) 

Fnmarimide  is  a  ver>' etiibleHTibstance.     It  dissolves  in  hot  concentrated  ai'ids. 

whence  it  is  preeipiliited  by  water  witbnnt  alteration,  even  after  boiling  Jor  some 

seconds.    Bnt  if  heated  for  five  or  six  honr«  with  hydrochloric  or  nitric  acid,  and  ti«» 

evRp.>rated    to    dryneiW,    it  yields   a  crystalline  rssiduo    containing    a   comt*ound  of 

hydrochloric  or  nitric  acid  with  oplicallv^  inactive  asparfic  acjd: 

C'2*JP0^     +  "  2U"'0     *=     C*N1F0* 

Fumaiimide.  A«piirtlc  Acid* 
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Acid  maleate  And  acid  fumarate  of  ammonium  yield,  bj  dry  distillation,  a  snlxitance 
closely  resembling  fumanniide  in  most  of  its  reactions,  but  not  identical  with  it. 
(Dessaignes.) 

yUMAaiira.  An  organic  base,  contained  in  fumitory  (Fumana  offidnaIis\  ilnt 
observed  by  Peschier  (Lielnys  Organische  ChemU^  p.  633);  more  filly  ezamintnl 
by  Hannon  {J.  Chim.  mid.  [3]  viii.  705).  The  plant  grown  on  a  well-manured  soil, 
and  gathered  in  June  or  July  while  in  full  flower,  contains  firom  6  to  6  per  cent,  of  this 
base,  to  which  it  appears  to  owe  its  specific  physiological  action.  To  obtain  it,  the 
plant  is  beaten  up  to  a  pulp  with  an  equal  weight  of  water,  the  pulp  acidulated 
with  acetic  or  hydrochloric  add,  then  heated  for  some  hours  over  the  water- 
bath,  and  filtered.  The  filtrate  evaporated  to  a  syrup  is  treated  with  boiling 
alcohol,  which  dissolves  the  acetate  or  hydrochlorate  of  fumarine,  and,  aft<»r  concentra- 
tion and  decolorisation  with  animal  charcoal,  deposits  it  in  slender  needles.  Or  tho 
expressed  and  filtered  juice  of  the  plant  is  mixed  with  twice  its  bulk  of  water,  and 
precipitated  with  basic  acetate  of  lead,  the  excess  of  lead  is  removed  from  the  filtrate 
with  dilute  sulphuric  acid,  and  the  liquid  is  evaporated ;  it  then  deposits  crystalline 
sulphate  of  fumarine.     (Hannon.) 

Fumarine  is  separated  from  its  salts  by  caustic  alkalis  or  their  carbonates,  in  the 
form  of  a  curdy  preipipitate.  It  may  be  obtained  in  the  cry.stalline  form  by  s^utaneous 
evaporation  of  its  hot  alcoholic  solution,  but  not  by  evaporation  with  tho  aid  of  heat. 
The  salts  have  a  bitter  taste.     (Hannon.) 

ruaCABOlbZS.    See  Yolcanio  Emanations. 

rUHKABTZi,  CBXiORZBB  or.  C*H«0».CR  (Kokul^,  Ann.  Ch.  Phami.  Snppl. 
ii.  85 ;  Rep.  Chim.  pure,  1863,  p.  31.) — Produce<l  by  the  action  of  perclUorido  of 
phosphorus  on  fumanc  acid : 

(c*hw)")q,  ^  pci».a»  =  (C'HK)»)".a«  +  pci«o  +  h«o. 

When  purified,  it  boils  at  160®  C.      It  unites  directly  with  2  at  bromine  and  is  con- 
verted into  chloride  of  dibromosuccinyl,  C^H^Br^OlCP. 

rUMZOATZOV.  See  the  article  Disinfectant  in  Urt'8  Dictionary  of  Arts, 
Manufactures,  and  Mines,  ii.  27. 

Z*irMZVO  ZiIQirOS  or  BOTZiS.  a  mixture  of  two  or  moro  sulphides  of 
ammonium,  obtained  by  distilling  sulphur  with  sal-ammoniac  and  quick  lime  (i.  104). 

nrMZXro  ]bZqvOB  or  CABBT.  .a  mixture  of  cacodyl  and  oxide  of 
cacodyl,  obtained  by  distilling  acetate  of  potassium  with  arscnious  anhydride  (i.  403). 

nrMZXrO  ZiZqvOB  or  ZiZBAVXTO.     Tetrachloride  of  tin. 

rnvoZC  ACZB.  The  name  given  by  Braconnot  to  an  acid  which  he  found  to 
exist  in  a  considerable  numl>er  of  agarics  (Ann.  Gliim.  Ixxix.  265 ;  Ann.  Ch.  Phys. 
XXX.  272).  According  to  Dessaignes,  however  (Compt  rend,  zxxvii.  782),  the  acid 
in  question  is  nothing  but  a  mixture  of  citric,  malic,  and  phosphoric  acids. 

rUBJLZTB.    A  green  coccolite. 

nmrUBABKZBB.   C'*H'«NK)«  -  N^l^^'^^j?'*^')".      (Fownes,   PhiL   Trans. 
1845,  253.) — An  amide,  produced  by  the  action  of  ammonia  on  furfnrol : 
3C*H«0«  +  2NH«  «  C'»H'^'»0«  +  3n*0. 

Furfurol  set  aside  with  five  times  its  volume  of  aqueous  ammonia,  is  converter!,  par- 
tially in  a  few  hours,  and  completely  after  a  longer  time,  into  a  yellowish-white,  bulky, 
crystalline  mass  of  furfuramide.  A  mixture  of  aqueous  furfurol  and  ammonia  yields 
the  same  compound,  in  a  few  days,  purer  and  whiter.  The  resulting  yellowinh-white 
mass  mdy  be  dissolved  in  hot  alcohol,  and  cry.stalliscs  therefrom  on  cooling  in  short 
needles  united  in  tufts. 

Furfiiramide  is  fusiWe,  nearly  inodorous  when  diy,  insoluble  in  cold  wat^*,  Imi 
easily  soluble  in  alcohol  and  ether.  It  bums  with  a  smoky  flame  and  I'rare*  a  umall 
quantity  of  charcoal.  When  exfMDfie'l  to  damp  air,  or  heat<d  with  vjater  or  afroLd,  it 
ia  j-lowly  resolved  into  ammonia  and  furfurrJ;  acids  pro<Jure  this  de^mrx^if ion  in- 
stantly.' Furfuramide  lx>ile<l  with  dilute  f»^>tash'lfy,  is  converte'l,  without  the  slij^hU-nt 
evolution  of  ammonia,  into  furfurinc  (^Fowncsj.  Furfuramide  treatMl  with  «u/- 
phydric  acid  yi"l«ls  thiofurfoL     (Cahou  rs.) 

nnunntTJTB.  C'*ir^'=0*.  ^Fownfrn,  Phil.  Tran^.  18I5,  253;  St^nhotl«^ 
Ann.  Ch.  Pharm.  Ixxiv.  2H9;  .Svanb#-rg  and  J* '-rt' ft  rand,  J.  j/r.  (*U*:m.  \xvi,  'IZ'J.) 
— An  organic  Iilm^.  L«om''ric  with  furfnrami'lc,  and  iryluc**!  th'-nff/m  und*r  th"  in- 
f.n^L^-  r,f  C3u*!:c  jy-'ta-^h.  oririmply  of  h'.-4t. 

l^rt^ftarotU'Vi.—  1.  I>ri«-dfurfuramid*-i«  a  l'!*"!  toa  \Ar^t'  qu;intityof  diluf<'fx/ilin;?fi«>ti*h- 
Ic-y ;  the  liquid  left  to  roU  tlowlj  aftL-r  \*n  or  fMU-tu  tninute*!,  vh^fufi'/o  tb<;  ftuiuritia 
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vrhich  ha«  neparat^^d  in  the  form  of  a  yQllowiah  oil,  aoUdifle«,  and  tlie  portkitt  frmun 
in  fiolution  cryiitidlitiM  out ;  the  whole  of  the  fiirfurino  is  collected  cm  n  filter,  wubti 
with  cold  water,  and  dissolyed  in  exccaa  of  boiling  aqnooiw  oxalic  acid^  from  vUch 
imptire  ajL'id  oxalate  of  fiufanne  CTTstallisefl  on  cooling ;  this  impnro  oxalate  im  wiikd 
on  a  filt4ir  with  cold  water,  a&d  diMolTed  in  boilina  wiiler;  the  «oliutioD  boiled  fori 
few  minutes  with  aoimal  charcoal  preTiouflly  pnrififia  by  hydrochloric  acid,  then  fiitatd 
at  the  boiling  h^at ;  the  pure  whit?  salt  which  separates  on  cooling  is  diasolTed  in  hoi^ 
water,  the  Bolutinn  supersaturated  with  ammoma,  and  filtered  hot;  and  the  m«Uli«f 
furfnrine,  which  form  on  cooling,  are  washed  with  cold  wafc(*r  (Fown  e«).  The  ex^ 
base  may  also  be  purified  by  repeated  Bolution  in  alcohol  and  precipitation  with  w^s 
(Srunberg  and  B^rgstraitdX— 2.  Furfiiramide  ia  aljo  readily  oonvierted  Into  fi;^ 
f urine  by  healing  it  for  half  an  hour  to  110^ — 130*^  C.  The  reBulting  brown  taam 
di^aolred  in  alcohol,  und  treated  with  Gxcesa  of  oxalic  acid,  yields  a^id  oxalate  of  far 
l^uine,  firom  which  the  base  may  be  obtained  aa  aboreu  By  this  meana  fuzfuxine  w 
be  prepared  directly  from  fur5irol»  viz.  bv  pnanng  dry  ammoniacid  gas  into  faitam 
heatt>d  to  110**— 1 20*^0,  The  fnrfhrol  then  turns  brown,  and  in  the  ooune  of  half  u 
hour  to  an  hour,  is  converted  int<j  furfurinc,  (C.  Bertagoini,  Ann.  Ch,  PhazsL 
IxxxviiL  128.) 

Propertia, — Furihrine  cryatallisee  in  white,  eoft,  silky  needles,  resembling  thoit  d 
caffeine.  It  melts  considerably  below  100^  C,  to  a  nearly  oolonrlass  oil,  which,  m 
cooling,  Bolidifiet)  to  a  Boft  reain,  and  afterwards  to  a  fesinous  crystalline  masa  It  b 
permanent  in  the  air  (Fownoe).  When  perfectly  diy^  it  remains  unaltered  on  ezpe> 
sure  to  the  air;  but  when  moist^  it  quickly  turns  gre^-ish-greeu,  yellowiah-browa. 
and  often  red  (S  van  berg  and  Bergatrand).  It  is  inodorous,  and  has  bot  htUt 
taste.  It  exhibits  an  alkaline  reaction,  which  is  particahirly  strong  in  th' 
or  alcoholic  solution  (Fownes).  When  a  tolerably  strong  solution  of  e* 
of  furftirinG  is  heated,  the  precipitated  brown  powder  (p.  749)  sepajnt4ia 
and  the  filtrate  treated  with  ammonia,  furfurine  is  precipitated,  not  in  the  pulTcrdsol 
or  cryatolliQe  state,  but  in  the  form  of  a  tough  ooherejit  mass,  which,  after  a  1 
kneiuling,  becomea  brittle  and  as  hard  aa  stone ;  the  recently  precipitated  mass,  s 
examined  by  the  microscope,  exhibits  here  and  there  crystalline  groups  like  Auow^fla 
Purfunne  ap|x'ars  than,  when  heatal,  to  paiss,  like  qmnine,  into  another  modiiSer' 
(St  an  berg  and  Bi^rgatrand).  It  dissolires  in  l'^7  pts.  of  boiling  waUr^  audi 
rataa  almost  completely  on  cooling  ;  readily  in  cold  alcGhol  or  ether ^  and  i 
when  the  solvent  is  craporated*     (Fow  nes.) 

Fuiiiirine,  whivn  heated  in  the  air,  bums  with  a  red  smoky  fiame,  and 
trace  of  charcoal  (F  o  w n  e  s).     Aqueous  periodic  acid  decomposes  it,  with  j 
iodine.     (Bodeker,  Ann.  Cli.  PhaJtn.  Ixii.  6i.) 

rufftiriiie^salte.  Furfuriue  dissolves  very  readily  in  dilute  odds  and  asalralii? 
them  C(>mpli-toly.  It  t'xpels  ammonia  from  sol -ammoniac  at  a  boiling  kestt  but  at  ordi- 
nary temperatures  ia  itself  precipitated  from  its  combinations  with  acids,  by  ammonia, 
potash,  or»Qda.  The  salts  of  furfurino  have  an  extremely  bitter  taste.  They  are 
precipitatcil  white  by  corrosive  sublimate,  yellow  by  dichloride  of  platinnm^  but  pte 
no  precipi tate  with  tincture  of  galls.     ( F o  w  n  e a) 

Acttate  of  Fur/urine  is  very  soluble  in  watflT,  and  veiy  difficult  to  erysfeillissL 

Ciirbiinait. (?) — According  to Dolwrriner,  furfhrine  unites  with  carbonic  add  Ae- 
cordiog  to  Daridson,  on  the  contraiy,  the  base  dissolves  in  water  through  which  carbooie 
add  is  passed,  but  separateg  out  uDaltered  when  the  solution  is  left  to  OTaporate. 

Chroma ie  (acid),  2C"H"N»0»H'0.20r*0»—nraiigo-^TBllow powder,  sMfiiutyAO- 
luhle  in  cold  water,  becoming  brown  when  dry,  (R*  Davidson,  Ed.  K.  AiLX,  bkw 
seriw,  ii.  284.) 

H^drabromaif,  C^H'^N'O'^HBr  +  aq.— Short  prism atic needles  soluble  in  S$  pfcn 
water.    (Davidson,) 

Hydrochlorate,  0*R^^K>*MCI  ^  aq. — Dilute  hydroc!hloric  acid  sat untod  with 
furfiirinc,  yields  tufts  of  delicate,  silky,  neutral  needles,  which  retain  their  Inatis 
when  dried  in  vacuo  over  sulphuric  acrid*  They  dissolve  readily  in  water,  less  easily 
in  hj'drochloric  acid.     (Fownes.) 

The  chloropiaiinnie,  Ci*H'*N"0*.HCl.PtCl*,  is  obtained  as  a  light-yellow  nndpi- 
tato,  on  mixing  the  solution  of  the  hydrochlorate  with  excess  of  chloride  of  pfatii 
(Fownoel     Wlien  the  chloride  of  pbtinum  is  poured  into  a  hot  solution  of  by 
chlorate  of  furfurinc  in  weak  alcohol,  the  platinum -salt  of  ftirfurine  separates  on  i 
ing  in  long  light  yellow  Beedles  rescmbliiig  picnitc  of  potsjfojium*     (S  t  e  n  h  o  u  se.) 

Hydrochlorate  of  furfarinealso  forms  donole  salts  with  mercuric ch/*rride  (FownesX 
and  Ti ith  th c  chlorid* n  o/qoM.  i^afhuiinm  and  iridium.     (Dcibereiner.) 

Hijdrtoiatt,  C'*H"K=OMII  +  aq.— Colourless,  slender,  oblique  foni-sidedi 
soluble  in  55  pty,  of  cold  wat*  r ;  soluble  ahio  in  alcohol  and  ether.     (Davidson.) 
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Mellate, — Aqneoiui  mellic  acid  neatralised  with  furfnrine  yields  the  salt,  after 
a  while,  in  nodular  groups  of  crystals,  which  by  recrystallisation  are  obtained  in 
beautifiil  monodinic  prisms.  The  salt  giyes  off  5*7  per  cent,  water  between  100^ 
and  125^  C,  and  b^lins  to  turn  yellow  at  130^.  (Karmrodt,  Ann.  Ch.  Pharm. 
Ixm.  171.) 

Nitrate,  C»»H»*N»0».HNO«.— -TranspaBent,  oolouriess,  highly  lustrous,  hard  crystals, 
which  effloresce  in  yacuo  over  sulphuric  acid,  and  dissolxe  readily  in  water,  slowly  in 
nitric  add.  (Fownes).  AceorcUng  to  Stcuihouse,  it  crystallises  from  the  aqueous 
solution  in  long  irregular  acuminat<^  crystals ;  but  from  the  alcoholic  solution,  in  very 
regular  rhombic  prisms  of  considerable  size  and  peculiar  lustre ;  if,  however,  yeiy  strong 
alcohol  is  used,  the  crystals,  which  are  at  first  perfectly  transparent,  soon  become 
opaque,  whereas  those  obtained  from  weak  alcohol  retain  their  lustre  and  transpa- 
rency. 

Oxalates. — The  neutral  oxalate  forms  tufts  of  needles  very  soluble  in  water.  The 
acid  oxalate  forms  thin  transparent  tables,  which  retain  their  lustro  in  a  dry  vacuum, 
redden  litmus  strongly,  and  dissolve  very  sparingly  in  cold,  more  readily  in  wann 
water.     (Fownes.) 

Perehlorate,  C"H»*N*0«.HC10*  +  aq.— Furfurine  dissolved  in  warm  very  dilute 
perchloric  add,  yields  very  long,  thin,  brittle  prisms,  having  a  glassy  lustre  and  a 
disagreeable,  saline,  bitter  taste ;  they  effloresce  at  60^0.,  melt  at  160^  to  160<>,  solid^- 
ing  on  cooling  to  a  glassy  brittle  mass,  and  explode  at  a  higher  temperaturo.  They 
dissolve  readily  in  water  and  alcohol  (Bodeker,  Ann.  Pharm,  Ixxi.  63).  The  crystais 
are  right  rhombic  prisms,  having  the  angles  of  the  lateral  edges  *  72®  33'  and  107®  27', 
the  obtuse  lateral  edges  truncated,  the  acute  bevelled;  cleavage  from  one  obtuse  * 
lateral  edge  to  the  other.     (Dauber,  Ann.  Ch.  Pharm.  Ixxi.  67.) 

Phosphates  of  Furfurine. — a.  Metaphosphate  {^y—Whsn.  stronely  ignited  am- 
monio-sodic  phosphate  was  dissolved  in  water,  the  solution  predpitated  by  chloride  of 
barium,  and  the  washed  metaphosphate  of  barium  digested  for  24  hours  with  neutral 
Bulphate  of  ftirfurine,  a  filtrate  was  obtained  which  htul  a  neutral  reaction,  but  did  not 
yield  any  crystallisable  compound.  On  evaporation,  it  left  a  gummy  mass,  which  be- 
came black  aod  glassy  when  heated.  (Svanberg  and  Bergstrand.) 

b,  Orthophosphates.—a.  C'*H'«N«0«.HTO*.— A  boiling  alcoholic  solution  of  fur- 
furine, mixed  with  a  large  excess  of  ordinary  phosphoric  add,  deposits  crystals  on 
cooling,  which  gradually  assume  a  brownish  yellow  colour,  if  left  in  toe  mother-liquor; 
but  if  quickly  taken  out,  and  pressed  between  paper,  retain  their  silvery  lustre  on  sub- 
sequent exposure  to  the  air.  They  are  right  four-sided  prisms,  so  short  that  they  ap- 
pear like  thin  lamins.  The  crystals  do  not  diminish  in  weight  or  decompose  at  150®  C., 
but  when  more  strongly  heated,  they  assume  a  blackiw  crey  colour,  and  between 
200®  and  216®,  melt  into  a  black  vitreous  mass,  which  dissolves  completely  in  warm 
alcohol,  and  then  no  longer  exhibits  the  reactions  of  ordinary  phosphoric  add.  The 
salt  dissolves  sparingly  in  cold,  readily  in  hot  water  and  alcohol,  but  appears  to  be  in- 
soluble in  ether.  (Svanberg  and  Bergstrand.) 

/3.  (C'*H'«NH>")*.H«PO«.— Obtained  by  adding  1  at.  ftirfurine  dissolved  in  alcohol 
to  a  solution  of  1  at.  of  the  salt  c,  and  Wting  the  mixture.  The  filtrate  on  cooling 
deposits  white,  shining,  oblique,  four-sided,  anhydrous  prisms,  which  in  the  diy  state 
are  permanent  in  the  air.  They  may  be  heated  to  130® — 136®  C.  without  decomposi- 
tion, but  at  higher  temperatures  behave  like  the  salt  a.  The  neutral  salt  dissolves 
readily  in  boiling  water  and  alcohol,  but  is  nearly  insoluble  in  ether.  (Svanberg 
and  Bergstrand.) 

7.  (C'*H"N«0«)«.H«PO«.— A  solution  of  the  salt  a  mixed  with  a  lai^^  excess 
of  the  alcoholic  solution  of  furfurine,  deposits  this  salt  on  cooling  in  long  obhque  four- 
sided  prisms,  which  aro  white  and  destitute  of  lustre ;  anhydrous ;  permanent  in  the 
air ;  may  be  heated  to  120** — 136®  C.  without  decomposition ;  but  at  higher  temperatures, 
behave  like  the  two  preceding  salts.  They  dissolve  readily  in  water  and  alcohol,  but 
very  sparingly  in  ether.  The  solutions  have  an  alkaline  reaction.  (Svanberg  and 
BergstrancL) 

c.  Pyrophosphate,  (C>*H'«N»0')*.H<P*0*  +  aq.— An  alcoholic  solution  of  ftirfurine, 
neutraliscHl  with  pyrophosphoric  add,  and  evaporated  in  the  drying  chamber,  ultimately 
yields  a  glassy  crystalline  crust,  whieh  dissolves  readily  in  wat{^>r  and  alcohol,  and  has 
a  neutral  reaction.  The  salt  gives  off  1*6  per  cent,  water  at  ordinary  temperatures, 
and  214  per  cent,  more  at  100®  C.  Hence  if  the  1-6  per  cent  be  regjirded  as  hygro- 
scopic, the  salt  may  be  supposed  to  contain  1  at.  water.  Between  116®  and  120®,  it 
a.«(»ume8  a  greyish  aspect, apparently  from  incipient  decomposition.  (Svanberg  and 
Bergstrand.) 

Sulphate  of  Furfurine, — a.  Neutral. — Sulphuric  acid  saturated  with  furfurine,  de- 
posits when  evaporated,  dther  by  heat  or  under  the  exsiccator,  a  black-brown  powder. 
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When  by*lroeWomk*i>f  ftjrf*-'",.  ;«  ,1 
d^Oiitm  fruiii  the  colon 
Plimhttiie  acid,  and  ther<^ 

whut  dilute  Hulplitirie  ucid,  and  s  sligbt  excess  of  the  acid  added  aH  .  rion  b* 

l»reD  wann*'di  «hort  four-sided  pmins  are  »*>oii  dt:»poKited  (iiregrtliir  rfhimr-jc  tablMi» 
aceordmg  to  Davidrion),  which  diw*<)lvt»  rtudily  in  wHt«r,  \ess  rvadilj  in  ftlcobfil  flf 
elhast,  und  ItiHSt  of  nil  iu  wutcr  licidukteil  with  sal{»himc  acid.  The  ^^Itittoii  b«t  • 
aour  and  Utter  ta^te,  and  is  coloured  n^\  by  utrong  sulphuric  acid.  Tlie  mil  <<■•• 
escea  readily  »t  ordinary  temperatures,  giving  off  all  its  wiitcr  of  crf«tAlli«tui, 
aOBOuntingf  to  21*62  per  cent,  (3 J  ut).  B€*twe<»ii  80'='  and  90<*  C^  it  loa«i  J  of  iia  »fi^ 
mid  appears  to  decompose  ;  at  a  higher  lempemtare,  it  cakeii  together,  and  th^n  lutiti 
into  a  Uuck  masif,  which  no  bngr-r  difisolvcfl  completely  in  wat^^r.  (Svanherg  sti 
Bergstrantl) 

Tartra  te  of  Fttrf  urine  (add). — Thij  salt  cpystalliacft  from  a  rather  acid  ■olcM 
of  furf urine  in  tarturic  acid,  in  oblique  foui^sided  priiun^  which  are  pentuuieiil  m  lS# 
air.  and  do  not  give  off  water  at  ISO*'  C.  \\Tien  treated  with  potash,  they  givit  <f 
iimmoiiia.  The  eohition  mixed  with  anuuonia  does  not  yicUl  any  precipitate  SChA- 
line  (Svanberg  and  Bergetrand-) 

BthTl-rttrtorlEie.      C"'M»*X-0*  =  C*»n"(C-H»)N^O>.  —  The  hjdnodat'* 
l»se  is  ulttiAinod  by  beuting  ulcobolic  furfurine  with  imlide  of  ethyl    to    100^  • 
acided  tube.     It  sepiiratt>a  from  a  hot  alcohfilJc  solution  as  a  |»iminiy  nuam,  imi  "j 
spontaneous  evaporjiti-ju  it  mny  be  obtained  in  fine  crjstak  derived    ^m.  n  Hioailie 
pri^m     It  dis&olves  iu   36  pts.  of  water,  and  moni   freely   iu  alcohol  snd  dint. 
(DavidsoQ,  ioc.  cit ) 

HudraU  of  Ethui-furfurinf,  C**H^*N^(^.HO,  aecording  to  BaTidaoo^  mow  vfy 

bably  C^H^'I^CailO.  or  ^        "^^JO,  ij  obt^iined  by  decora poeingfJiohydnodate 

with  moist  oxide  of  silver,  and  evapornting  the  filtrate.  It  is  KYTupjr,  tmsHj  eQla>Jf 
in  alcohol,  sparingly  in  water,  and  expi^la  ammonia  fr*>in  its  aiJta  nt  100**  C  Tb« 
ehforoiitatiimtt  has  the  comp»>sition  C"H"N''t>*,UCLPiCR 

It  does  not  appear  f>o^«4ibje  to  rcpUoe  another  atom  of  hydrogieia  ui  iaxiajm  by 
ethyl  or  otlier  alcobol-nubile. 

Amyt-mrfkuine.  C^H«N"0»  =  C»*H"(C^n^')N^O»,^The  hydriodati*,  oTitained 
by  Jieatittg  fiirfurino  with  iodide  of  amyl  for  fuur  days,  is  a  giiramy  ma^.  whirli  tb*- 
solvea  hut  sparingly  in  water,  but  may  be  obtained  in  railio-erystaliine  mas^et^  Th« 
cMoropfatinate,  C^ll=*N*OMlCiI*tCP,  ia  a  yellow  powder  spariu'^ly  scilnble  in  wafer. 
(Davidson.) 

glTIU'uaox.    C*H^O».    (Dobereiner  [1831],  Sehw,  J.  Ixiii,  3ISS.— Ann. 
Pharm.  iii  Ml. — Stenhouae,  Phil.   Mag.  [;i]  xnii,   122;  xxxirii,  236.— Fown 
Phil  TrunsL   1845,  253;  Aim.   Ch.   Pbarm.  liv,  62;  Pharm.  J.  Trans.  Tiii  ItX— 
Cahours,  Ann.  Ch.  Phvs.  [3]  xxiv.  277.— Schwanert,  Ann*  CL  Pharm.  cx%i  1^7  ) 
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— A  volatile  aromatic  oO  which  may  be  regardL-d  aa  the  aldehyde  of  py 


A 


(C*H*0*X  being  convertible  into  that  acid  by  oxidation:  ij^omenc  with  ftir 
It  is  produced  by  hejiting  sugur,  starch,  bran,  madder,  and  other  vep  tiM     - 
with  dilute  eulphoric  acid,  either  alone  or  mixed  with  peroxide  01   tu;  ::_■   i  .  - 
appears  to  be  a  product  of  oxidatioD ;  thua,  ita  formation  £rom  b^^j^ch  iui^Ul 
repreacntod  by  th©  equation  : 

C«H"0»  -f   O*  =   C*H*0«  +   CO*  +   SH'O. 
Dobereiner,  who  first  obtained  it  aa  a  secondary-product  in  preparing  fbrmtc  ; 
distilling  ffugar  with  sulphuric  add  and  ppn>xide  of  mang»n*^r,  called  it  Arte 
o/Ants  {kumilkkes  AmcUtno^    The  namis  furfaroliB  derived  ^m  furfur  (Wmojaa^ 
o/ct/m  (oil). 

From  the  experiments  of  Dobereiner  and  of  Cahouiv»j  it  wtinld  appear  tliat  FUtnf, 
starch,  and  siiwdn^t  distilled  with  sulphuric  arnd alone,  do  not  yield  furfufob  Aci'^piii 
to  »StcnhoUi«e,  on  the  other  Imnd,  chips  or  fi!ia\'inga  distilled  with  dilute  eiilphuric  r^ 
yield  furfurol :  a  I  an  linst'wl-ciiLke,  the  woody  ahell  of  the  cocoa -nut,  and  m&ho 
The  fmrfurol  obtained  from  mahogany  is  very  free  from  re?iin,  nnd  more  evisi]'.*  mirtfl 
tluui  that  obtaiuml  from  other  sonrcea.    Acoortling  to  Emmet  (Sill.  Am,  J 
angaTj  fltajx'h,  gum.  and  wood,  disHUed  with  stilphimc  acid»  so  far  diln  1  •  ro 

exert  any  carljomMing  action,  yields  at  100°  C.  scarcely  anything  but  furfurol,  bu«  nM 
Boon  as  the  residue  blacken?,  Uiithing  but  formic  acid  is  obtained,  Fownes  obt4in«^ 
only  indistinct  iiulicfttions  of  fnHiirol  by  distilling  »tareh  with  dilute  aulphuric  aHd, 
(inJ  frtim  recently  washed  hneo,  not  a  I  race.  Ho  is  of  opinioti  that  the  howT<^  of  tlrt 
fiirfurol  is  to  be  found  in  the  matttT  which  lined  the  interior  of  the  vc|?'tab1«  rrJk^ 
railed  by  Payen,  matihe  incMitt&ntt.    Furfur>ol  ia  likewiee  obtnbed  bj  Iwiting  brao 
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Trith  a  very  jffron^  soUition  of  i'hlori^lo  of  ?iue.  Tlie  gr^Jitf»r  thi*  quantity  of  sturch  \n 
the  bmn,  tbo  Kniiiller  in  the  guaatity  of  furfur ol  obtained.  Pure  starch  aud  [HHtiii 
distilled  with  chloHdi*  of  zinc,  do  not  yield  furfamL  Bruu  distilled  with  chloride  of 
CfileitiDi  does  not  yield  fiirfurol^  but  poswbly  might  do  so  if  hojiled  tmder  prefti?urv 
(Babo,  Ann.  Ch.  iMiariQ.  Uxxv,  lOU).  Furfurol  is  also  found  umoDg  tUe  pnJductd  of 
ike  dry  distiUntion  of  sugar.     ( V  5 1  c  k  e  1,  ibid,  69. ) 

Prrparation, — 1.  One  part  of  sugar  is  distilled  with  3  ptfl»  of  manganese,  3  pt«.  of  oil 
of  vitriol,  and  o  nts.  of  water ;  the  formic  acid  in  the  distillate*  saturated  with  carbo- 
nate of  sodium  ;  the  litjuid  redjBttlled  ;  the  distillate  isaturattH,!  with  chloride  of  eidinttuj ; 
and  lastly,  the  furfurcd  distilled  off  (Dobereiner). — 2.  One  part  of  whftit-floiir  or 
>  aifcW-dust  is  distilled  with  1  pt.  of  oil  of  vitriol  diluted  with  an  equal  bulk  of  wat«ir  in 
I  %  copper  still,  which  may  be  hitlf  filled  witli  the  mixture,  the  diettillation  bein|?  eonli- 
nuedtill  the  residue  begins  to  <!liar;  the  distillAtPp  together  with  ahont  as  much  water 
as  waa  at  first  used,  poured  back  into  the  still ;  the  liquid  rt/distilled  ntarly  todr)'ne#s; 
the  formic  and  sidphuroua  acids  in  the  distillate^ which  is  rendered  milky  by  the 
furfurel — saiturated  with  pottksh,  which  wlours*  the  liquid  yeOow ;  on»i-fr.mrth  of  tlio 
liquid  thfu  distilled  off;  the  resulting  distilluteinixctl  with  a  lat^o  quantity  of  chloride 
of  calcium  «nd  parti  ally  distilled ;  imd  this  process  rcpeatjfKi,  if  necessary,  till  tha 
grewter  part  of  the  oil,  whioh  m  surraounted  by  an  aqueous  aolution  of  itself— is 
olytuined  in  the  free  state.  By  this  procefis,  100  pts.  of  fiooi  yield  062  pts.  of  furfarol 
(8tenhoixse). — 3,  Two  partj^  of  oatmeal  are  heat^  with  2  pta.  of  wflt#r  and  1  pt.  of 
oil  of  vitriol  in  a  still,  and  the  mixture  stirred,  till  the  pasty  mass  has  become  liquid 
from  formation  of  dextrin ;  the  liquid  is  then  tlistillcd;  1  pt.  more  of  water  addeel  jis 
soon  na  sulphuroufl  acid  begins  to  eacapt*  ;  the  disitillation  continued  till  sulphurouw 
Held  cornea  off  in  larger  quantity;  the  whole  distillate  poured  back  into  the  still ;  half 
of  it  poured  off;  and  this  half  neutralised,  as  in  2,  with  potash,  &c.  (Fownes.)— 
4.  Two  pts.  of  bmn  are  dislilkd  in  a  similar  manner  witli  2  pt«.  of  oil  of  'i-itriol  and 
6  pts.  of  Wiiter;  by  this  process,  100  pts.  of  bran  yield  0'8  pts.  of  furfurol  (Fownes), 
In  subsequf-nt  experimenti*,  Fownes  obtained,  by  distilling  G4  oz,  (troy)  of  wheat-bran 
with  32  OB.  sulphuric  acid  and  an  equal  volume  oi  water,  1  oz,  of  furfurol ;  and  from 
6-1  ost.  wheat  flour,  treated  in  the  same  manner,  about  11  drm,  of  impure  furfitroL — 
6.  Six  pta.  of  bran  are  distilled  with  5  pts.  of  oil  of  Titriol  and  12  pts.  of  water  in  a 
eapacious  still,  till  &  strong  odour  of  fiulphurous  acid  is  emitted,  and  the  distiUato 
ift  partially  and  repeatedly  rectified  over  chloride  of  calcium.  Ono  hundred  parta  of 
Iran  yield  by  this  process  2*6  pts*  of  furfurol  in  all,  part  of  which  is  held  in  solution 
in  the  watery  distillate,  hut  may  be  precipitated  by  ammonia  in  the  form  of  furfurn- 
mide  (C a  hours). —6.  To  save  th©  repeated  rectifications,  the  first  distillate  may 
be  immediat-ely  satui*ated  with  ammonia ;  the  mixture  set  aside  for  24  hoars  in  a 
cool  place,  and  shaken  occasionally  ;  the  furfuratnide  which  8epamt«s  is  then  to  be  dis- 
tilled with  dilute  hydrochloric  add  not  in  excess^  and  the  distillate  rectified  over 
chloride  of  calcium  (Dobcreiner). — 7,  According  to  Sttnhou^e,  a  very  advan- 
tagfoua  process  for  preparing  furfurol  is  to  distil  bran  with  more  thtin  half  its  weight 
of  sulphuric  acid  prcyiously  dilulefl  with  2  pts,  of  water.  Hydrocldoric  acid  may  also 
b*  ust'il,  but  it  has  the  disadvantage  of  distilling  over  with  the  oil.  To  obtain  ftirfurvjl 
in  large  quantity,  Stenhouse  mixea  32  lbs.  of  wheat^bran  with  20  lbs.  of  sulphuric  acid, 
diluted  as  just  men tioDcd,  in  a  capacious  three-necked  glared  earthenware  WoullVa 
Lottie  (such  as  are  used  in  the  preparation  of  nitric  ami  hydrochloric  acids  on  t  ho 
large  scale);  distila  by  passing  steam  into  the  mixture  ;  neutralises  the  strongly  acid 
distillate  with  chalk  ;  rectifies  the  distillate  repeatedly ;  and  separates  the  oil  by  satu- 
TutLng  the  liquid  with  common  salt  and  redistilling  ;  this  process  yields  from  12  to  13 
ouQcefl  of  cruda  furfurol,  containing  a  considerable  quantity  of  acetone.  Schwanert 
proceeds  in  a  similur  manner,  using  100  pt«.  strong  sulphuric  acid  and  300  pts.  water 
to  100  pts.  bran,  and  obtains  3  pts.  of  furfurol,  partly  directly,  partly  after  conversion 
into  furfuramide  by  ammonia  and  {subsequent  decomposition  of  that  compotuid  by  dis- 
tillation with  hydrochloric  acid* — 8.  Bran  and  chloride  of  zinc  (in  the  proportion  of  3 
to  2|  :  1),  in  the  state  of  eolution,  strong  enough  to  form  a  damp  msss  cohering  in 
lumps,  are  distilled  together,  whereupon  water  passes  over  first,  then  furfurol.  then  hj* 
drocnloric  acid,  and  liutly  a  solid  fatty  maaa  oonsit^ting  of  margaric  acid  with  a  small 
quantity  of  a  hydroearlxju.  The  distillate  is  ftrained  through  linen,  neutralised  with 
potaab,  saturated  with  common  salt,  and  rectified ;  and  the  furfurol,  after  being  sepa- 
Tmted  from  the  water  which  passes  over  with  it,  is  dried  over  chlorido  of  calcium  and 
hgnin  rectified.  The  watery  portion  of  the  distillate  still  contains  a  little  furfurol, 
which  may  be  converted  into  furfuramide  as  iu  (fi).  Six  pounds  of  bran  thus  treated 
yielded  £rc»mi  1  to  2  oz.  and  aometimes  more  of  furhux)! ;  brau  contaiiiijig  a  larger  pro- 
portion of  starch  yielded  less  (Babo^  Ann.  Ch.  Pharm.  Ixzxv.  100). — 9,  The  meet 
abundant  and  economical  aoureo  of  furfurol  is  in  the  preparation  of  garancin  by 
boiling  madder  with  sulphuric  acid.    If  the  wooden  boilers  in  which  garanciu  is 
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wmiHT  maoTifiictare^  were  fitted  with  cond^maen,  ftiftool  ndgkt  he  otiteisfd  m  mj 
qtiantity  without  px|u!iiBt'.  Furfuixjl  i»  aJao  ppodmced  hy  boiling  abj  kiad  d 
madder  vith  eolation  of  fmlpb&te  of  alamminm.    (Stenbouse^    S^inUarf  vm^ 

Otude  fmfbrot  obUined  from  maj  of  the  preceding  Bcmrcee  ia  fllwsy*  «mtaBt»ftii 
with  another  aromatic  oil,  Meiqfurfurai,  which  h»A  a  bigber  boiling  pomi;  <isj)Skm 
Terr  reiidtty ;  is  for  the  mo$it  part  converted  dming  the  distillatioii  into  a  hrcnrD  tm^, 
aod  when  mixed  with  jl  few  dropi  of  fttrotig  eulphuric,  hydrocbloTic  or  nitiiic  lal 
iiamediateljr  exhibits  a  ptu-ple  colour,  a  reaction  formerly  indicated  hj  Stcnhooae  ifti 
Fownes  aa  characteriftie  of  forfarol ;  pure  ftufurol  docs  not  exhibit  it.  ^mfaroL  nm 
be  ft^ed  from  metafnrfurol  bj  repeated  rectification ;  the  Utter,  bein^  l«as  Tolatile  ail 
much  more  oxidable,  zvDUuns  behind.  The  purity  of  the  product  may  be  teeled  by 
lK)iIing  an  aqueous  solution  of  the  furfurol  for  a  few  minuted  with  cauatic  potaila^  lad 
tr<'ating  the  dai^  yeUow  liquid  with  excels  of  salpburic  or  hydrochloric  acid  ;  tlmifie- 
furfuKtl  IB  present^  a  deep  red  colour  ia  produced ;  if  not,  the  colour  raauuna  mwdliiigBi 
(Stenhouee.) 

Proper tUJt. — Furforol  when  rceently  prepared  ia  a  eolourleea  oil,  but  it  aooa  tsB 
yellow,  even  in  the  dark,  and  brown  when  exposed  to  light;  under  water  these diaBfP 
take  place  leas  quickly  (Fowne  fl).  According  to  Schwanert,  the  first  portioiw  of  te^ 
ftirol  which  distil  ovor  {f  in  the  rectification)  aoon  become  darker  coloured  whm  m- 
menied  in  water,  or  kept  in  sealed  tubes;  l>ut  the  latter  portiona  petnain  n«arlj  colov^ 
leoB,  a  fact  which  BeemB  to  indieato  the  preaenee  of  a  more  Tolatile  impttritr  in  Iki 
first  portion.  Pure  fUrfurol,  which  will  not  alter  by  keeping,  can  oolj  be  obtained  lij 
repeated  rectification. 

Furfurol  poaaeesea  great  refracting  power.  It  smells  Hke  a  mixture  of  the  oils  il 
cinnamon  and  bitter  almonda,  and  has  an  aromatic  taste,  like  that  of  cinitaiiMO-ciL 
Specific  grarity  11648  at  16-6*>  C.  (Fownes).  Boils  at  1628 — 163'3«  in  matallSe 
Tecnels  with  the  baroroetec  at  29'9''  (FownesX  at  166^  (StenhoueeX  And  irobtiliatt 
unchanged.  Vapour-denaity  »  3*344  (Cahonrs),  3'40  (Fownes),  cala  (3  toL>  » 
3-328.  It  diaeolTes  in  12  pta.  iMttr  at  16-e<*a  (Fownes),  in  II  pta  «t  13«  (Sten- 
h  oute) ;  it  is  Tery  soluble  in  alcohol. 

Jkc&mpontums. —  1.  Furfurol  is  very  inflammable,  and  bums  with  a  jellow.  t^rt 
amokr  flame. — 2,  When  its  aqueouB  solution  ia  boiled  with  recently  prectfuUlted  «*i 
of  mtfer^  metallic  ailTer  is  deposiU'd.  and  the  filtered  liquid  yielda  by  eTapontian 
crystahi  of  pyromueate  of  silver,  C*H'AgO'.  Hence  furfiirol  ia  related  to  p7n>- 
mudc  acid  m  the  same  manner  as  common  aldehyde  to  acetic  acid.  It  like«»e  tmr 
hiliit«  tlie  <^haract.ors  of  an  aldehyde  in  combining  with  acid  sulphite  of  aodiniB  (rU. 
in/.).— 3.  Rot  nitric  add  converta  fiirfurul,  with  Tiolent  eTolution  of  nitroof  iitaie^ 
into  oxalic  acid^ — 4.  Strong  sulphuric  acid  disaolvos  it  in  the  cold,  without  ccvjonr  it 
pore,  with  pnrplo-red  colottr  if  it  contains  metafutfiirol,  and  water  added  to  the  solu* 
tion  precipitates  the  furfurol  unaltered ;  but  if  the  solution  is  heated,  the  furfurol  ia 
deoomposed  and  carbonised. — 6.  Strong  hydrochloric  acid  acta  on  f^irAnol  in  a  nmilar 
manner. ^ — 6.  With  chlorine  aud  bromine  it  forma  reeinoiis  jnodncta.  todim  disaolres 
in  it  abundantly,  without  riolent  actioo.— 7.  Cansde  ^wlaM  diaaolTea fttTfiin>l  ilowly  ia 
the  cold,  forming  a  dark  browD  liquid  fiom  which  adds  throw  down  m  ivainoiii  snlv 
stance  j  the  same  reaction  takes  place  more  qtiickly  on  heating  the  liquid. — 8l  1Vs»- 
fiimi  with  aid  of  heat,  decomposes  furfurol  with  riolenee. 

9.  Furfurol  left  in  contact  with  amnumia  for  a  few  hours;  is  completely  eoirfcitfd 
into  furfuramide. — 10.  It  disftokea  in  mcthylamine  and  fthylamfn$  without  deeomposi- 
tion  in  the  cold,  but  if  heated  it  bluckens,  and  a  blackish  resinous  aubstauoe  sepsffttiS 
contiiining  only  traces  of  nitrogen  ;  these  bases  do  not  thsfefore  act  upon  Hirraiul  n 
the  same  manner  as  ammonia  (Wurtz).-'ll.  With  pkeminiimMnf,  fwrtarel  tbgfOB  a  nd 
colouring  matter  (Stenhouse^  Ann.  Ch.  Pharm.  Ixxir.  282),  When  an  aqueous  Sblu- 
tion  of  furfbrol  i»  added,  with  constant  agitation*  to  a  solution  of  phenylfunlBe  iu  ac«tie 
acid  of  ordinary  strength,  the  mixture  turns  red,  and  if  sofiSeient  furfiiiol  solution  has 
been  added,  becomes  colourless  after  a  while,  and  deposits  a  dark-coloured  riadd  fub- 
eUiice,  nearly  insoluble  in  water,  but  soluble  in  aleohol,  wood-st>irit,  and  strong  mentk 
acid ;  iinimoaia  dissolves  it,  formiug  a  colourlees  solution,  but  the  red  colour  leapptuw 
on  adding  acetic  acid.  The  red  substance  does  not  unite  with  mordants ;  it  imparts  • 
fine  red  colour  to  sUk  and  wool,  but  the  colour  is  very  fngitiye^  fading  quickly  erfm  is 
the  dark.     {Persos,  R^^p.  Chira.  app.  I860,  320.) 

Compound  of  Furfurol  with   acid  Sulphite  of  Sodium,   f  '<\^ 

Pure  ftirftirol  shaken  up  with  a  strong  amieous  acid  i?ulphite  of  sodium,  ind 

forms  a  solution,  which,  when  eTaporated  over  oil  of  ntriol,  or  better*  wbcu  coV4*re*i 
with  an  equal  volume  of  strong  nlctjhol  and  left  to  itself,  dcfjosits  white  or  rvddish 
l.iminiiv  having  a  fatty  lustre  ;  they  may  lie  purified  by  treatment  with  atrong  akoli4 
and  recrystallisation  fitom  water  under  a  layer  of  alcohol     (Schwanert.) 
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Sulphuretted  and  ScUniuretUd  DtHvaii^a  of  FttrfHrd, 

Tlilofurfdi.  C*H*OS. — Thi»  oompoiind^  didcoverod  by  Cahours  (Ann.  Ch. 
PhjTB.  fy)  xxiv,  281),  is  produced  by  th«*  ttotion  of  sulphydrate  of  ammomum  oo  a  solti- 
tion  of  furfupol,  or  hy  alowly  passing  aulpliydric  acid  giis  tlirough  a  uolution  of  furfur- 
amide  in  a  large  quantity  of  ulcohol,  aud  wiiahiiig  the  prtjeipitated  powder  with 
alcohol.  Aa  thiL*  prfpart^d,  it  ia  a  yellowish  cryst4illine>  powdtr;  but  il  the  sulphuretted 
hydrogen  he  passed  q^nickly  through  a  warm  concentrated  alcoholic  Boltition  of  furfur* 
aniido.  the  thiufurfol  separateii  m  the  forin  of  a  reain,  but  with  the  same  corapoBitioru 

Thifjfurfpl  melti*  when  healed,  and  yieldfl  a  cryataUin©  sublimate,  hATiug  the  com- 
C»li*0=" ;  probably  tbuu  : 


{KwitioQ  C*J 


2C*H*0S  =  (7H*0^  +  CS«. 


L 


Thiofurfol,  heated  in  contact  with  the  air,  diffuses  a  strong  repulsive  odour,  aud 
burns  with  a  l^luisb  fliirao.  aomewhAt  smoky,  and  with  the  odour  of  sulphurous  add. 

The  compound  CH^O^,  purified  by  two  cryBtnlUaations  from  alcohol^  appears  iij 
colourless  or  yellowish,  iride^ceut,  long,  hard,  easily  liable  needles.  It  m  violently 
attacked  by  nitric  acid,  and  converted  into  ox&Iic  acid.  It  is  insolubl«  in  cold  water 
buit  dissolvcii  sparinf^ly  in  hot  water^  whence  it  cryslalliMa  on  cooling  ;  tolerably  well 
in  other  J  also  lu  alcohol,  especially  when  warm,  forming  a  solution^  which  slowly  turns 
brown  on  exposure  to  the  air,     (Call ours,) 

8el«atofUrfoL  C*H^OSc — Selonhydric  acid  acta  upon  furfurt>l  similarlT  to  sul- 
phydnr  r>c  id.  Hie  cleiir  liquid  becoming  turbid  and  depositing  seleniofurfol  in  tho 
form  y  t\  a  n  s  i  u  o  us,  very  unstablo  aubatance.     (€  a  k  o  u  r  s. ) 

1^11*3  crrn^    Sro  ScAPOLrrE. 

pt7SEZi-OX%«  In  the  alcoholic  fermentation  of  potatoes,  com,  and  the  marc  of 
grupes,  thi  re  are  nlways  formed,  together  with  common  alTOhol,  volatile  oily  hodie.<i^ 
wliieli,  for  the  most  part,  boil  at  higber  temperatures  than  the  ethylic  alcohol,  and 
therefore  pass  over  with  the  latter  portions  of  the  di»tillatt^  in  the  process  of  rectifSctitton. 
These  oily  products,  designated  by  the  general  Dtime  of  fii.*el-oil,  resemble  each  other  in 
i!jiirta*te  and  smell,  which  are  uaust^us  and  liery,  and  likewise  a^jree  io  composition,  in 
BO  far  as  they  all  contiiin  ethylic  and  amylic  alcohols;  but  most  of  them  contain  in  addi- 
tion, fatty  acids  and  ethers,  and  some  contain  other  members  of  the  alcohol -series, 
C"U***^*0,  the  nutans  and  quantity  of  the»e  protlncts  varying  eoasidorably,  according 
to  the  source  from  which  the  fuij^el-oil  is  derived,  and  the  circumstances  of  the  fejmen- 
tution, 

PoUto-fuseboil  usually  consists  ahnost  entirely  of  ethylic  and  amylic  alcohols, 
the  latter  constituting  the  greater  quantity  ;  it  may  be  freed  from  ethylic  alcohol  by 
Hkgitating  it  with  water,  which  dLsTSolves  the  ethylic,  with  only  a  small  proportion  of 
ihe  amylic  alcohol^  separating  the  oily  liquid  by  a  tap-funnel,  and  rectifying  (»ee  Amylio 
Aloohol,  i  203).  Some  samnles  of  potato-f^ael-oit  however,  contain  tetrylic  or  bu- 
ty He  alcohol,  C*H'*0,  in  addition  to  tho  prec€<ling;  in  fact,  it  was  in  rectifying  a 
sJimplo  of  this  kind  of  fuael-oil,  that  Wnrti  made  the  discovery  of  tetrylic  ajwhol 
(Compt.  rend,  xxxv,  310).  Thia  alcohol  has  likewise  been  found  in  the  fusel-oil  from 
beet*molassea.     (Wurtz,  Ann.  Ch.  Pharm.  xciiL  107.) 

In  fusel-oil  from  the  brandy  distilled  from  maie  of  grapes,  Chancel  (Compt.  rend, 
xxxvii.  410)  found  tritylie  alcohol,  C'H*0  ;  and  from  the  portion  of  the  same  kind 
of  fu»el-oil  less  volatile  than  amylic  alcohol,  Faget  {ihid.  730) obtained  a  liquid  which 
he  supposed  to  be  hexylic  alcohol,  C*H**0  ;  hut  this  result  is  douhtfuL  (See  Hkxyiio 
AijOohol.) 

Mo^t  kinds  of  fusel-oil  contnin  several  members  of  tlie  aeries  of  fktty  adds,  0"H*0*. 

Rowney  (Chem.  Soc.  Qa,  J.  iv.  372)  found  in  fusel*oil  from  the  Scotch  distilleries, 
water,  ethylic  abohol,  amylic  alcohol,  and  a  coloured  oily  residue  insoluble  in  water, 
and  eontaining  eaprie  acid  in  the  form  of  caprate  of  amyL 

Wetherill  (Chem.  Gaz.  1B63,  p.  281)  found  in  ncutral-fusel-oil  obtained  as  arasi- 
dne  in  the  preparation  of  alcohol,  partly  from  wheut,  partly  from  maizei,  acetio  aitd 
caprylic  acids,  together  with  (less  distinctly  indicated)  formic,  caproic  and 
cnnanthylic  acids  :  also  amylic  and  a  little  ethylic,  but  no  butylic  alcohoL 

Fehling  (J,  Phann.  [3]  jxv.  1\)  found  in  funt'I-oil  fn^m  the  spirit  of  beet-mo- 
lasses, 64rrenil  volatile*  fatty  acitU  (capric.  caprylic,  &c.),  and  a  neutral  fat,  answer- 
ing nearly  to  the  formula  C=*/r'0*,  or  C^IT-O*.  When  heated,  it  gave  off  the  odour 
of  acrolein,  and  when  saponified,  yielded  capric  acid. 

Fusel-oil  from  beet-roolasaes  has  alao  been  examined  by  A*  Perrol  (Compt*  rend, 
xlv.  309)  with  the  following  results.  The  portion  wliich  dij<tille<l  between  80°  and 
110^  C.  contained  ethylic,  tetrylic  nnd  amylic  alcohols,  without  any  apnre- 
eiable  portion  of  tritvHc  alcohol.  The  liquid  remaining,  afler  the  amylic  alcohol  hfid 
betn  difttilled,  passod  over  between  110*^  and  300*^,     It  conisisted  chiefly  of  compound 
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«?thf»rs,  tlu-  only  fnib«*tiinc<>  of  moro  Bimplt?  coostihidon  00QtaiIU^d  in  it  beings 
Vu[nid,  C'll'^y,  wliieh  dirfUlJi'd  iit  aLout  2tJ{)<>  C,  liuatcJ  on  wjOer,  suirl  did  not  cxlulif 
Ihe  iviiction  of  an  alcohol  witk  p*TcbJoride  of  pho9|;*Korus.  The  portion  of  th9  Abo>v^ 
mentioned  residue  which  poKsea  over  between  140^  and  200°  was  h<*af«i  ^ar  mam 
time  to  \iKP  with  caustic  potash-solution,  aod  the  npper  layer  of  the  prod  act  diailliid 
hy  it!w*lf.  The  greater  portion,  containing  eth}lic,  tetn'Uc,  and  atoylie  alcoholic cKk 
li"ll<4  l^twt'en  94*^  and  135^;  the  small  portions  which  dititilled  belwt*t-n  14(P  sad  190^ 
did  not  i^oiitaiu  heiylic  or  octylic  alcohol,  and  the  residue,  which  patjssed  oti^  txt^f 
190^  nnd  2Ui^,  consisted  of  the  aboTe*rai»ntioned  compound,  C*H'*0.  The  mixCvff  of 
iicidj«,  ht  parati^^d  from  coml>in£ttion  with  the  potasht  ooQtiiini?d  in  small  qOAlltity  (|B^ 
bably)  valerianic;  citproic,  and  oenanthyHc  acids,  in  larger  quantity,  eaprjlie 
iind  pe largo nic  acid B.  (Soo  uleo  A.  Mniller,  J.  pr.  Chem.  Ivu  103;  Jahn»hi£ 
1851,  p.  498.) 

Cupric  acid  has  been  found  in  pot&to-fusel-oil  by  S^  W.  Johnson.  (J.  pr.  Ou& 
Ixvii.  262.) 

In  mm  fuscboil  frona  Surinam,  G.  J.  Mulder  (Jahr(*sbcr,  1858,  302)  fotmd  tn  m- 
»af>onifiabI(»  waxy  body,  toge^hfr  with  palmitic  acid,  cbu  ant  hie  acid,  ;ind  tf 
srmstU  cjuu ntity  of  crnanthic  ether     ( Spo  Ur^i  Dictionary  of  A rts^  & c,  ii.  3 1 3») 

Ih  fust  la  t  ion  of  AlcohnL — As  fusel-oil  imparta  to  alcohol  a  v^ery  nnplfia 
tnste  and  ymtll,  it  Ijeconies  araati€?r  of  great  importAnce  to  the  diijtiller  to  remova  iti 
ji]  I  spint  intjendcd  for  drinking:,  Thp  L*onaplete  removal  of  the  fbsel-oil  is,  hoirerer,  a  raatler 
of  ciinstih^rtdile  diflii^ulty,  and  indeed  in  seldom  attained  on  the  lajnare  scale.  Sint|>i* 
distillation  will  not  cfTcct  the  o1>jt»ct,  although  the  Ijoiling  poliit-a  of  etiylic  Jiod  »tiijr!ic 
idrrsliols  diiftr  from  ono  another  very  considertibly,  common  alcohol  boiling  at  79^  C^ 
iintl  amy  lie  alcohol  at  132°,  If,  however,  the  spirit  be  diluted  with  water  befonttdti- 
tication,  and  th*3  strong  spirit  which  comes  over  at  first  be  eoUected  apart;  mad  tka$ 
operation  rei:>eated  sevenil  timee,  a  tolerably  pure  spirit  will  at  length  be  obtaiaod, 
thou|!;h  at  considerable  axpenifo  and  loss.  In  the  modem  stills  constrocfed  io  that  tlb« 
more  oondonj^atde  po^Hons^  of  the  vapour  may  be  liquefied  and  flow  back  '     fjf 

the  greater  portion  of  the  fusel-oil  h  thus  removed  at  once,  tog<?the.r  with  ml 

a  comparativdy  pure  distillate  is  obtained.  Still,  however,  a  c<^rtaia  J^,. :..„  .. .  the 
fufli4-oil  always  diifuses  into  thealcohol*vapourand  passes  over  with  it. 

For  tlio  complete"  defusclation  of  spirit,  Tarioos  methods  have  b<?en  devised,  but  tljat 
whii'h  is  most  genenilly  ndoptod  con»i»t8  in  absorbinp  the  fusfl-oQ  by  wood^ckafro^. 
To  give  the  charcojd  il'a  full  absiorbing  power,  it.  muift  bt?  recently  ignite  and  It-ft  la 
t'oeal  in  wdl-cla»ed  vesst^ls ;  it  is  then  n?duci?d  to  coarse  powdor  in  i^^tat ing  hom^  am- 
tfiiiifng  a  fi^w  iron  bnlla.  To  effeet  the  defitfielation  with  the  smallest  pomibleqaaofitr 
of  charcoul.  the  spirit  maybe  made  to  trickle  thn>ugb  a  number  of  c»<-^*  ♦^'''-^  «^'h 
the  chiirooftl  and  piiced  one  abovo  the  other.    Accortlmg  to  Liidergdor^  A, 

J,  xo,  3fi9^.2  quarts  (or  2 '28   litres)  of  epirit  of  80  ptT  cent.  Tridles,  R*^  it*- 

SttUtion  tho  fuUoAving  quantities  of  different  kinds  of  dmrcosl :  — 

rouio-vplHt.  CinMt^riC 
Ouncct.  Oune«». 

Limo  charcoal H    •  •     ^ 

Fir  , .     IJ     ,  .     21 

Birch       „ 2f     .  ^    af 

Willow    „ ,         .     31     .  .     6 

Oak         », 4|     .  .     S 

Bone-black 1^1       .  .14 

These  numbers  mui*t  howevf>r  be  understood  as  merely  approiinaat^  expre«doiis 
the  rehitive  defusclisitig  pow^rr  of  the  seveml  kinds  of  charcoal,  inasmneh  as  tb*  d«t««- 
tion  of  small  quantities  of  fiisel-oil  in  spirit  is  a  matter  of  eou«idcrable  iK"^'     ' 

In  ppactie(\  however,  the  treatraent  of  spirit  with  charcoal  in  the  <■  <iii 

adojired,  since  a  larger  quantity  of  spirit  remiiins  in  the  charcoal  and  a  c.._>..w..  .-Ule 
|iortion  of  it  is  lost  by  volatilisation  during  the  transfurcnco  of  the  saturated  chiuvod 
to  tile  still ;  moreover  thi.s  operation  takes  a  great  deal  of  time.  For  this  rtwaoD  it  it 
nioro  usual  to  jidd  the  charcoal  to  the  spirit  in  the  rectifying  Rpparatu* — wliicli,  lw*w- 
ever,  in  ii  had  method,  and  never  yit^lds  spirit  free  from  fusel-oil,  at  least  in  tlie  first 
portions  of  the  distilltite  ;  a  lictter  method  is  to  pass  the  vapottr  of  the  spirit  UmiOKfa 
an  apfntrutw**  filled  with  churTOJii^  Itefore  it  is  condensed. 

VuPioua  methotli^of  defast'lution  hare  been  proposed,  but  far  the  most  part  wilh  ifl- 
difn^nnit  results,  M- hi  eh  conf«ist  in  adding  to  the  charcoal  certain  chemicai  reMgrnls 
iliat  will  act  upon  the  funel-oil ;  or  in  trcatin;^  tho  alcohol  with  these  rne^nts  tSt*t 
defuselation  with  charco&l,  and  b<*fore  rectificutioa  ;  or  iu  lining  the«o  retgents  witboat 
the  charcoal. 

PwterH  (iJingb  pol.  J.  cviii,  79)  introduccj  Wtwcen  the  charcoal  in  th#  »i>k« 
tt««'d   iu    the  cold-digesting  process,  n  layer  of  tine  pulverised  j*rroxidf  of  mam^' 
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firw  placed  between  two  pieces  of  flanneL  Koii Tier  (ibid.  cxvi.  68)  uses  clmrcoal 
mixed  with  half  its  weight  of  sMed  lime^  also  for  cold  digestion ;  Zalhau  {ibid.  c.  80) 
uses  charcoal  with  soap-boilers*  lye.  A  method  very  generally  practised,  is  the  addition 
of  solution  of  chloride  of  lime  before  rectification  to  the  spirit  previously  defuselised 
with  charcoal  (1  lb.  of  saturated  solution  of  chloride  of  lime  to  150  litres  of  spirit). 
One-third  of  this  quantity  of  chloride  of  lime  is  however  sufficient,  if,  after  it  has  been 
mixed  with  the  spirit,  an  equivalent  quantity  of  chloride  of  zinc  be  added,  hypochlo- 
rite of  sine  being  then  formed,  which  is  easily  decomposed  (DingL  poL  J.  clviii.  378). 
Stein  {ibid.  cxxxviiL  429)  causes  the  vapour  of  the  spirit  to  pass  through  a  mixture 
of  2  pts.  chloride  of  calcium  and  1  pt  charcoal f  whereby  it  is  defuselised  and  dehy- 
drated at  the  same  time.  Knop  (Pharm.  Centr.  1847,  p.  687)  mixes  the  spirit  with  a 
solution  of  cupric  sulphate  precipitated  by  potash,  then  adds  excess  of  the  alkali,  and 
digests  for  some  time,  whereby  cuprous  oxide  is  formed. 

The  use  of  lime  alone,  or  of  potash,  or  of  strong  sulphuric  or  nitric  acid  is  not  to  be 
recommended,  inasmuch  as  the  two  former  exert  but  little  action,  and  the  adds  pro- 
duce compound  ethers,  which  give  the  spirit  a  peculiar  odour  not  exactly  that  which 
Ls  desireo,  and  at  the  same  time  do  not  completely  decompose  the  fusel-oil.  Hiin  efeld 
(Erdmann  s  Joum.  f.  technische  Chemie,  xi.  527)  uses  manganate  of  potassium  {mineral 
chamaleon\  which,  however,  acts  upon  the  alcohol  as  "^eU  as  upon  the  fiisel-oil ;  also 
chloride  of  lime,  which  gives  the  spirit  a  somewhat  unpleasant  odour. 

Milk  has  long  been  used  as  a  defuselising  agent  (Erdm.  Joum.  f.  techn.  Chem.  xv. 
369),  its  action  being  probably  due  to  the  fat  which  it  contains.  Breton  (Moniteur 
industr.  1858,  p.  2308)  states  that  olive  oil  shaken  up  with  spirit  containing  fusel  oil 
takes  up  the  whole  of  that  impurity,  and  when  the  whole  is  left  at  rest,  settles  down 
and  may  be  separated  by  filtration.  For  operating  on  the  largo  scale,  he  recommends 
that  the  spirit  be  filtered  through  a  layer  of  pulverised  pumice-stone  sliphtly  drenched 
with  the  oil.  As  soon  as  the  oil  in  the  pumice  becomes  saturated  with  fusel-oil,  the 
filtration  is  interrupted,  and  8t«am  at  the  pressure  of  2  or  3  atmospheres  is  passed 
through  the  pumice ;  the  fusel-oil  then  volatilises,  and  the  oiled  pumice  may  be  again 
used  for  defuselising.  According  to  Kletzinsky  (Dingl.  pol.  J.  cxlviii.  160).  good 
soda-soap  dissolved  in  spirit  (that  prepared  with  the  oleic  acid  of  the  stearic  acid 
manufacture  answers  best)  is  capable  of  retaining  20  per  cent  of  its  weight  of  fusel-oil 
when  the  spirit  is  distilled  off  from  it,  so  that  a  distillate  is  obtained  quit^  free  from 
fusel-oil :  4  lbs.  of  soap  are  stated  to  be  sufficient  for  defuselising  1  Prussian  eimer 
(alx>ut  69  litres  or  15  gallons)  of  spirit,  whatever  may  be  the  proportion  of  alcohol 
contained  in  it  The  §oap  after  bemg  used  may  be  completely  freed  from  fusel-oil  by 
distillation  with  steam  at  a  temperature  above  100°  C,  and  may  then  be  used  for 
defuselising  fresh  quantities  of  impure  spirit  Lastly,  Vandevelde  (Dingl.  pol.  J. 
clvii.  240)  states,  that  brandy  may  be  completely  freed  from  fiisel-oil  by  cooling  it  to 
— 15°  C.  the  fusel-oil  falling  to  the  bottom.  The  brandy  may  then  be  decanted  or 
filtered  and  rectified.     The  statement,  however,  requires  confirmation. 

The  best  mode  of  detecting  the  presence  of  fusel-oil  in  spirit  ia  to  allow  the  spirit  to 
evaporate  slowly,  as  by  rubbing  it  on  the  hand,  or  rinsing  a  glass  out  with  it  and 
leaving  it  to  stand  till  the  odour  of  the  ethylic  alcohol  is  no  longer  perceptible ;  the 
smell  of  the  fusel-oil,  being  then  no  longer  disguised  by  the  alcohol,  becomes  appa- 
rent Diluting  the  alcohol  with  warm  water  likewise  brings  out  the  smell  of  tlie 
fu-Hel-oii  The  turbidity  produced  in  silver  solution  by  fuselated  spirit  does  not  afford 
a  very  trustworthy  indication,  since  a  like  effect  may  arise  from  the  presence  of  many 
other  substances.  Stein  (Dingl.  pol.  J.  civ.  159)  places  the  spirit  in  a  large  glass 
together  with  dry  porous  chloride  of  calcium,  by  which  the  ethylic  alcohol  is  gra- 
dually absorbed,  and  keeps  the  vessel  covered  for  some  time ;  the  odour  of  the 
fusel-oil  becomes  very  perceptible  after  about  two  hours.  (Handw.  d.  Chem.  2*» 
Aufl.  ii.  [3]  794.) 

nrsZBXill  BISTJI&.  An  alloy  of  lead,  tin  and  bismuth,  which  melts  below  the 
temperature  of  boiling  water  (i.  591). 

F1T8ZOV.     See  Heat. 

rUBTlC.  Two  yellow  dyes  are  known  by  this  name,  viz.  old  fustic^  obtained 
fipom  Moms  tinctoria^  and  young  fustic  from  lihus  Coiinus.     (See  Dyeiko,  ii.  356.) 

FVSTZir.     The  name  given  by  Preisser  to  the  colouring  matter  of  Hhus  Cotinus. 

nrSTA.  The  radicle  C*H»,  homologous  with  xylyl,  CH,  vinyl,  C«H»,  &c. ;  some- 
times called  valyl. 

Disu/phide  of  Fusyl,  C*H*S  or  O^IPS*,  is  obtained,  together  with  other  products,  by 
distilling  disulphochloride  of  amylene  with  excess  of  potash.  It  is  a  clear,  colourless 
liquid,  having  a  not  unpleasant  odour,  of  specific  gravity  0880  at  13°  C,  boiling  at 
112®  C;  insoluble  in  water,  miscible  in  all  proportions  with  alcohol  and  ether. 
(Qntkria^  Chem.  Soc.  Qu.  J.  xii.  125.) 

3c  2 


GAliBllO— GADINIC   ACID. 


G. 


OilASmO*    The  name  givf^a  bj  tHe  Itjiliun  artists,  and  bj  H  Tian  Buch,  to  a  nd 

essontinilj  composed  of  falflpar  and  diaUago.  called  by  the  French  gieologiBts  eapbo- 
tide.  Besides  ths  easdntial  constitueota  just  Tn^^utioned,  it  cootains  tsJe,  ampmhcii 
or  nctinotef  gartietJi,  grmit!  of  pjiitcti,  &;c.  Thin  rock  is  nbandaint  in  the  Alps.  '^^  * 
found  in  grt^ut  qtiniitity  aiiaonp  the'  rounded  pebbles  in  the  neightrioiirhood  of  thtj 
of  Qeaeva.  Von  Buck  met  with  it  on  the  elevated  portions  of  Mont^  Rosa,  fi  ' 
considerable  masses  superposed  on  the  mieaceous  schist,  and  mixed  in  sereraJ 
wirh  *»eri>t,nTine.     The  tops  of  the  mountains  of  the  territory  of  Genoa,  vhieh 

look  the  gulf  of  Spwszia,  are  composed  principally  of  it      In  Consica  it  fomu  dii 

f.f  somewhiit  considenihle  extent,  whence  is  derived  the  verde  di  Cor^ica^  a  fine  famrtr 
of  thiij  rocL  Tho  ntro  di  prato^  the  wrdf  di  prato,  the  granite  di  ^ahdro  of  thi 
Fin rfin tinea,  are  merely  diiillages,  habitually  met4illoid,  and  mixod  someCiinea  with 
nerpuDtine,  sometimes  with  felspar  or  jadej  which  are  brought  from  the  momiCaint  of 
Tu!«cHny,     (D'Aubiason.)  IT. 

Gubliro  is  closely  relatod  to  serpentine  (t.  Bach,  Gtognotticke  Beo^iu;Jktun^,LUi 
G.  Rose  (Bull  3oe.  g^log.  [2]  iv.  1061)  observed  at  Zobtenbei]^,  in  Sil^da,  a  utialb^ 
fied  gabbro  interposed  between  serpentine  and  granite,  and  resting  on  the  latter*  la 
Boine  placea  it  was  conw*rt<^  into  a  groen  elate,  at  others  into  serpentine. 

The  gabbier,  or  euphotidi*.  of  Mont  Geti^vre  has  been  examined  by  De  teste  (An*. 
Min.  [4]  xvi.  238 y  The  felspar  of  this  rock,  which  contains  wat<rr,  belongs  to  th# 
tridinic  system  (p.  61&),  but  does  not  constJLDtly  exhibit  the  same  eompusitioa,  ap- 
proaching sometimes  to  labrador^  sometimes  to  vosgite,  sometimes  to  aooithiteT  whicii 
IS  also  the  ease  in  some  of  the  porphyries  of  the  Vosges.  This  gabbro  also  oontsiBS 
magnetic'  iron  ore,  frequently  titiiuiKiFOus  or  ohromiterous  iron  pyrites*  talc,  and 
pentine,  the  Intter  often  in  such  quantity  as  tomiake  it  doubtful  whether  the  rock 
be  calkd  gnbbro  or  serpentine.  It  likewise  contains  carbonates,  generallj  a 
cftrbomite  with  lime  and  miignesia,  which  occurs  in  the  felspar  and  dlalla^ 
well  as  in  the  ^neral  mass  of  the  rock.  The  fftlspar  is  the  predominating  c 
indeed^  tho  ppopertie*  of  the  entire  formation  do  not  differ  much  from  those  of 

The  composition  of  the  entire  rock  is,  aocording  to  Delease,  45-00  silica,  26*83  alui 
and  ferric  oxide,   8'49  lime,  13 -90   mogneaiaf  sodar  and   potash,   and  6'78  carbonie 
mibydride. 

The  giihbro  of  Odem  in  the  Vo^es  contains  the  same  principal  and  snbordinato 
conHtitu^'Dts.  At  the  points  where  it  touches  the  transition -slate,  the  !*«»*«*>  of  mica 
penetrute  into  tliia  rock,  and  the  gabbro  passes  by  insensible  gradatioiltt  SEyBetiraes 
into  ft  kind  of  tuleose  slate,  aometimes  into  a  serpentine  shite.  The  galtbco  of  Odem 
cniitjiins,  in  addition  to  the  above  constituents,  amorphotis  quartz,  ealcspsr,  alio  etndot^ 
asbestofl,  and  small  crystals  of  albite  and  axinite.   (Delesse,  Ann.  Min.  [4]  itl3"2S.> 

Th©  following  are  analyses :  a.  Of  a  fine-grained  gabhro  at  the  entrance  of  tht 
Hada'uthal,  in  the  Horz,  containing  about  equal  quantities  of  Labrador  and  dialLi^> 
with  Mm  all  quantities  of  magnetic  iron-ore  and  traces  of  iron  pyrites  uniformly  di*' 
trihuted  through  it  (Koibel,  Jahresber.  d.  Chem.  1858,  p.  768);  k  Of  n  roe^  fbmsi^ 
bhog  gabbro,  occurring  on  the  Bahammer  mountain,  near  Christiania,  contaiidxi^ 
augite,  or  hornblende,  and  disltage,  more  rarely^  black  mica  (Kjemlf,  ^id*  18^ 
p.  1001): 

SIO*     M^Cfl       Fe^O     Fe^Qi    Md^O     Ug'O      Ca'O       K*0     KftiOCaF.ana  Ijomhf 

V^O*  igDitioci. 

49  H        n\9         ens        853        0^05  G'fi4        tOSO        tiTB        ^TT*        I  Ot«  O-Af  s  1^ 

47-Sa  S^        1»90        .     .        .      .        11-20        1133        U'Bd        l-Oft        .     <  1«» 

On  the  gabbro  of  Keurode  in  Silesia,  see  G,  v.  Rath  (Pogg,  Ann. xcr.  6^;  Ja 
ber.  18od,  p.  999).      On  tho  relittions  between  the  occurrence  of  gabbni,  grecni 
horn  blende-rock,  and  other  allied  rocks,  on  the  one  hand,  and  of  metalliferous  ^ 
the  other,  Bee  Burat  (Ann,  Min.  [4]  xiii.  351]  Johrt'sber.  1847-8,  p.  1284.) 

OABBKQlflTS*     BytL  with  ScA^POUTB. 

OiLBXirzo  ACIO.  A  crystalline  fatty  acid,  obtained  from  cod'IiT<«r  oil.  A 
tuiMd  residue  of  tbis  oil,  ailer  being  heated  and  then  cooled  to  6^  Q,  deposited  cnf- 
talline  lamina?  of  this  acid,  which  wer^  purified  by  sapon  lining  with  soda,  precipitatiag 
with  hask'  acetatt*  of  lead,  washing  the  drietl  precipitate  with  eth^r,  decomponng  ike 
r^^tidue  with  tiydrocbloric  acid,  and  recrystaEiHing  from  alcohol.  The  acid  fhns  wifi- 
tit  d.  melted  between  (13^  and  6i^  C,  and  solidified  again  in  a  distinctly  crystidline  form 
at  OU'^.  From  the  analysts  of  tho  bairium*  and  silrer-salts,  the  formula  of  the  seid 
•  CaCi  ^  (Ml;  C.F  =  0O9i  l*=0^  =  O-ll. 
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was  concluded  to  be  C^E^O^M;  which  is  very  improbable.      (Luck,  Chem.  Contr. 
1867,  191.) 

OABOliZHZTa.  Y;SiO<  or  3rO.0iO>.  Ytterbytf,  (Dana,  ii.  211;  Gm.  iil 
409.) — A  black  mineral,  inclining  to  brown  or  green.  It  is  generally  amorphous,  but 
is  occasionally  met  with  in  monoclinic  prisms  of  abont  116^.  Cleavage  imperfect 
Transparent  at  the  angles.  Powder,  greyish-green.  Harder  than  fel^)ar;  readily 
scratches  glass.  Hardness  —  66 — 7*0.  Specific  gravity  «  4*0—4*36.  Gadolinite 
is  found  in  very  small  quantities  only,  disseminata  amonest  the  pegmatites  in  the 
neighbourhood  of  Fahlun,  and  at  Ytterby  in  Sweden.  It  is  sometimes  coated  with 
carbonate  of  yttrium.  It  is  a  silicate  of  yttrium,  and  serves  for  the  preparation  of 
yttria ;  it  likewise  contains  ferrous  and  cerous  oxides,  together  with  oxiae  of  terbium 
and  oxide  of  erbium.  (?)    (M  o  s  a n d  e r.) 

a.  Splintery  Gadolinite. — Of  splintery  fracture.  When  this  variety  is  heated  before 
the  blowpipe,  it  becomes  suddenly  incandescent,  increases  in  density,  and  becomes  in- 
soluble in  acids,  g^nejrally  evolving  a  little  water,  and  swelling  up  to  a  white,  cauli- 
flower-like mass.  Dissolves  readily  in  borax,  yielding  a  green  bead  (from  ferric  oxide). 
Karverfort-  gadolinite  parts  with  but  little  wat«r  when  heated,  dees  not  swell  up,  but 
fuses  to  a  turbid,  greyish,  or  reddish  bead.  Splintery  gadolinite  dissolves  in  hydro- 
chloric acid,  with  separation  of  gelatinous  silica;  but  aAer  heating,  it  is  insoluble. 

b.  Fitreotts  Gadolinite. — Of  conchoidal  fracture ;  becomes  briUiantly  incandescent 
when  gradually  heated,  turning  greyish-green,  and  swelling  up  slightly,  increasing 
somewhat  in  density.  Its  edges  bla(j[en  before  the  blowpipe,  but  it  does  not  fuse. 
Behaves  with  borax  and  hydrochloric  acid  like  a. 

a.  b,  Orom  Ytterbj. 

Scherer.  Berlin. 

Potash 019 

Soda 0-18 

Lime 0*23 1*30 

Magnesia 0*64 

Cerous  oxide 7*90 

Oxide  of  Lanthanum     .        .    6*33 

Yttria 44*96 60*00 

Glucina         ....  10*18 

Ferrous  oxide        .        .        .  12*13 14*44 

Silica 26*69 26*62 

AlnTqJTW  .  .  .  •      •       •      •  .  •  .  .      0*48 


99*42  100*66 

C.E.Ii. 

A  peculiar  brown  substance  contained  in  cod  liver  oiL    (De  Jongh.) 

•    The  ancient  name  of  jet  (Dioscorides  and  Pliny),  derived  from 
the  river  Gagus  in  Syria,  near  the  mouth  of  which  it  was  found. 

OABVZTB  or  Automolite.  Al*ZnO'  OTZnO.AP(^.  (Dana,  ii.  104 ;  Gm.  v.  46.) 
A  greenish  or  grevish  mineral,  sometimes  transparent,  but  generally  opaque.  It  ciystal- 
lises  in  large  regular  octahedrons,  oft^n  forming  beautiful  twin  crystals.  Its  cleavage  is 
octahedral  and  perfect  Hardness  -  8*0.  Specific  gravity  -  4*1—4*3.  Powder,  pale 
bluish-green.  Harder  than  quartz.  (Hhnite  has  only  been  found  at  Fahlun,  in 
Sweden,  and  at  Franklin,  New  Jersey,  disseminated  amongst  talcose  slate. 

Gahnite  does  not  melt  before  the  blowpipe.  Heated  with  carbonate  of  soda,  it  does  not 
dissolve,  but  concretes  to  a  dark  slag,  which,  when  heated  on  charcoal,  yields  an  incrust- 
ation of  oxide  of  zinc.  Dissolves  with  great  difficulty  and  very  sparingly  in  borax  and 
microcosmic  salt ;  dissolves  in  a  mixture  of  borax  and  carbonate  of  soda,  yielding  a 
clear  bead,  coloured  with  ferric  oxide.    Insoluble  in  aqueous  acids  and  alkalis. 

Abich. 


Fahlnn. 

N.America. 

Magnesia 

Oxide  of  Zinc . 

Ferrous  oxide . 

Alumina. 

SiHca      .... 

.        6*26     . 
.     30*02     . 
.       6-86     . 
.     66*14     . 
.       3  84     . 

.       2*22 
.     84*80 
.       4*69 
.     67*06 
.       1*22 

100*10 

99-88 
C.  E.  L. 

A  gdfltiii-Tidding  sobstance,  sud  by  Mori n  (J.  Pharm.  [3]  xxv. 
423)toeiiftiiimi]k. 


los  GALACTITE^^ALBAKUM. 

CiJL&ACTZTB.    A   oilauvotis  Taricty  of  nftiioUt^,   Iband    at  KtljalfiAl 

Buihijpt4;nnj  in  St'^^tland.    ( JahrvAbfj,  d,  Chrm.  tiL  $40,  ix.  $61,) 

UAJiAM,  or  SSBik  BU'lTMB.  A  eolid  f^U  moeh  resembling  palai-ail.  dM  p»- 
dui'e  of  &  iipeeiei  ol  busU  (^omni  Atri^i),  indigciioii»  in  the  int^or  of  Aj&in;  ifcn 
of  &tioth<-r  tn«,  resembliiig  the  Asteriam  o&k,  growing  in  Wc«t  Africa.  It  inftiirt 
nhout  Z5^  a  (95^  F.),  and  melts  etmpUuly  b1  433^  C.  (1 10°  F.X  It  dxMolrM  I 
most  part  in  boiling  aloobol,  and  peifeetlj  to  cold  ether,  separmting  in  o^ 
seedLct  by  oooUng  or  cvapoiration.  nj  oaponificatioD,  it  ji^ds  mnxigmric  adiJ. 
Thomson  Jtnd  E,  T.  Wood,  Phfl.  Mag.  p]  sxmt.  350.) 

OA^AMaA  or  aAlAVOA^  A  name  applied  to  sercral  roota  pomfmm 
ari.matie  propcrtii>«.  Two  poineipal  kinds  are  oeacribed,  ris.  Gmlan^  tm^r  aal 
(rnianf/a  major.  The  former,  which  is  moot  prised  for  its  arotnalie  propertifli^  tf  «^ 
tainod  from  a  plant  of  unknown  species  growiog  in  China.  It  has  a  neddisli  eoloia;  tt 
sromatic  odonr,  and  rerj  acrid  taste.  The  ^rc^ter  gaJangal  is  the  produce  of  a  seit** 
miDJiceons  plant,  the  Atvinia  Galnnga,  of  W ildenow,  and  a  natiTe  of  duisa  and  1U 
Malajan  archipehigo.  The  roots  luv  cjlindncal ;  rtddish-brown  eztcnialljr,  aad  sisiIbI 
with  whitish  circnltir  rings,  lighter  coloured  externally ;  they  haTe  an  a^rr«aUeaiOBBlk 
odour,  but  less  powerful  than  thoee  of  the  lesser  galax^gaU  and  ft  liot  pcpptar  laate.  At- 
cording  to  Buchok«  they  contain  in  100  ports: — 0*50  Tolaiile  oil,  4*50  i^ctii,  9*7(l| 
tmctiTe  mutter,  8*20  gum,  41-50  mucilage,  2r65  woody-fibre^  and  12-30  i 
The  root  of  KiEMpferia  Galanpa,  a  scitominaceous  pluut,  gton-ing  in  the  motiata  ^^ 
dlistrietit  l>eyond  Chittagong,  and  formerly  supposed  to  be  the  true  HaJanga*  Ti«l&a 
crystdliHiiblo  principle  culled  ks&mpferide  (j^c)  (Feiooze  ct  Frenaj,  Ttmii^n, 
368;  Ptmif^  Ct/cioptediOj  xL  Z5,) 

OA^AJPSC^rZTS.     See  Hallotsttx, 

OAJtStAMtTNim  A  glim-resin,  commonly  supposed  to  be  the  produce  oIIMm 
G ff f /tun tffff,  iiti  titnbelliferous  plant  natiTc  of  the  Cape  of  Good  Hope.  Tbii^  bowsitEfi 
i«  doubtful,  ll  h  iinjK>rted  from  Ethiopia  and  other  parts  of  Africji^  and  ttom  Funi^ 
It  eomos  ovor  in  maKses  compo8t'<i  of  white,  ypllowigh,  brownish -yelloir,  and  Iswi 
ii'ds^^  unctuous  to  the  touch,  Hofli'niiig  betwixt  the  fing(*rB;  of  a  bitturiMh,  sooiswlttl 
iierid,  diMttgreeabte  tiwito,  and  a  verj'  strong  smell;  ge&efally  full  of  bitaof«ia2ls» 
li'rtves,  Bctids,  and  othi'^r  for^^^ign  miittvn!. 

Galbanura  contsuna  more  rcsiiioiis   than  gummy  matter :  one  ponnd  jieldl  ' 
alcohol  upwards  of  nine  oitneeB  and  a  half  of  resinous  extract;  bat  the  gummy  e 
obtaijn:Kl  by  water  from  the  tame  quantity  amounts  only  to  alx»ut  three  ouncesi 
refill  iH  lianl,  lirittle,  iiiiipi*!,  and  iuwiorous.      The  gummy  extract  has  somewhat  I 
iiaii^nouH  taste,     Th»^  whole  smell,  fluvour,  and  i^  peri  fie  tflhte  of  this  jnice  reside  mi 
rKEittiitiid  oil,  which  riae.'t  in  distillatititi  l>c»th  with  water  and  spirit,  and  pTes  a  strong 
impregnation  to  both.     From  a  poiiiul  of  giilbanura  are  obtained,  by  diitiiLitioa  with 
Wilier,  i^'ix  dmj*hm»  of  actual  oil,    besides  wlint  is  retained  by  the  water    In  thi* 
renptx't  ^albanum  agrees  with  aaafostida,  and  differs  fn^m  ammoniacum. 
Aeeyrtling  to  the  analyses  of  Mei&sner  and  I'elletier,  galbanum  contains: — 

MHMncr.       P#ncticr 

'     Kesin 65S         66  86 

Gum        . 27 «         19^8 

Vogetablo  mucilage  •...,.  18 

Voktikoil 3-4  ( 

Water 20  J  ^** 

Insoluble  matter      .,*....  28  7*52 

103-4        10I»HI0 

Tho  reftin  may  be  extracted  by  aJcoliol ;  it  is  of  a  dark  yellow  colour,  tr»n«jitnfirt, 
und  meltji  cjisily  ut  the  temprature  of  the  water-bath.  It  contains,  as  the  me«tt  r»- 
milt  of  Jehnstorrs  analysis,  i3'88  p.c.  carbon,  8  45  hydrogen<  and  17*67  oxygen,  Whsa 
heatiMlto  12tFto  1.10°  (;i,  it  yields,  amongat  othvr  pro<lucts,  an  oil  of  a  fine  indifi©> 
eolour,  and  very  itokible  in  alcohol,  to  which  it  imparts  its  colour,     (Gerh.  W.  37*5 

From  tln'  ni'vut  I'xpttfiraents  of  Mossmer  (Ann,  Ch,  Pharm.  cxix.  267X  it  a^pcAA 
that  ^albanum,  distilled  with  water,  yields  elbout  peren  per  cent,  of  a  Toladle oil* 
isomeric  with  oil  of  tnrjientine,  C^*H'V  which,  after  rectification,  is  colourtcea,  has  a 
d«*nHity  of  0  WH  12  at  9°  L\,  and  l»oils  at  100^.  It  turns  tho  plane  of  poiirifl»tioa  to  U» 
b-ft,  its  wpfs^'ille  rotatory  powir  being  <)  1857.  Index  of  refraction  «  1*4642.  ^A* 
(itliMP  cami'bent'8,  it  fnrnjs  t%  ery*>talhVable  compound  with  hydrochloric  add. 

'lilt*  reHidue  ef  the  tlisl illation  conaista  of  a  reainons  mass  and  a  turbid  b'qaM 
containing  ^nmniiy  atid  extractive  matters.  (This  liquid,  distilled  with  snlphurie 
acid,  yitddod  ittt  acid,  the  silver-saJt  of  which  was  intcrmediste  in  oomposttlab 
btdw<«eo   aa'tate  and  propionate  of    silver.)    On  boilii^g  the  resinous  tnasa  wiit» 
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milk  of  lime,  awl  prRcipiUtin^  tlic  filtrate  isith  hydrochloric  aci(3,  a  hon<?y*ydlow 
r^ftiii  Wis  olntaincil^  iH>hil>le  in  ^^ilcohol  aud  «^ther^  containing  from  71  1*^  to  7-05  p.i\  enr- 
bjn,  aud  80  to  8"2  hydrogen,  sijtfrwixip  nearly  with  Johnston's  Juudysis  nbovo  quutrd. 
Whf  IV  heated  to  10i>°  with  alcoholic  bydrochlorie  acid,  it  yicldc<l  umbelliferono, 
OH**)*,  a  crystalline  bod  V  previouBly  obtaintjd  by  8ommer(Arch.  Pharm.  [2]  xcviiL  1), 
by  the  dry  dint  illation  o^galbanum  and  other  renlas  derived  from  iimbelliJerous  plants, 

(S(?P  UMBElXlFEfiON'F.) 

The  purified  gdlbunuin  resin  yields  by  dry  dii'tillation  a  small  quantity  of  water  and 
II  greenish  blue  riscid  aromatic  oil,  which,  after  a  whiI^^  »olidilie*t  to  a  crytitalUiit'  pulp  : 
the  oil  mar  Ix*  separated  from  the  cryjitidUne  matter  by  repoati^l  boiling  with  water, 
Mud  liltratioQ  throuiih  wet  filters.  Tho  aqneoua  solution  yit^lds  cr>'»tal«  of  nmbel* 
lifemne.  The  viwoid  oil^  after  boing  freed  from  the  Ust  tmecH  of  that  Bub#*raniHj  tjy 
m*jitment  with  dilate  potash,  yiekls  by  repeated  ri'ctifiwition  a  splendid  Viluf  oil, 
C^H**!]),  which  boils  at  289**  C,  is  soluble  in  alcohol,  insoluble  in  alkuli^,  in  resinist'd  by 
broimne,  coloured  p^reen  by  alcoholic  feme  chloride,  and  yellowish-red  by  nitric  aciti : 
in  a  freezing  mixture,  it  quickly  b«comes  viscid.  By  dii** illation  with  ,v'dium,  it 
^•iehls(fl)  a  colourless  oil  C**!!*',  IfMiiling  at  254"^;  ami  (A)  by  distillation  with  phosphoric 
anhydride,  a  yellowish  oil,  C^"H*"0.  which  boils  bLtwyen  250^  and  253^,   Himce  tlio  blue 

oil  appears  to  bo  an  alcohol,        jt    J  0,  the  oil  h  an  ether,  pjtj* j  [  ^j  *ti^  the  oil  a 

a  hydride,  C^n*  H-  (Miissmcr.) 

aJLItEir  A.,    Native  sulphide  of  lead.     See  LuAiy,  StriFHiDB  of. 

GAIilPOT.     See  Turpextixb. 

GAX»lTA.lOf  lO  ACIB.     See  the  next  article. 

GAXiIUIVI,  The  herb  of  f/o/n/m  vtruni  and  G,  Aparine  contains  ril  ric  acitl, 
prpoipitalile  by  ut'utral  acetate  of  lead;  gali  tannic  acid,  a  peculiar  variety  of  tannic 
acid,  precipitable  from  the  filtrate  by  biisic  acetate  of  lead,  and  consisting*  lu  the  hy- 
pothetically  anhydrous  etate^  of  C^*IPO**  (?)  and  rubichloric  acid  {tj.vX  preeipi- 
tited  from  the  Itwt  filtrate  (together  with  sexbasic  acetate  of  lem!)  by  ammoniti* 
Galitannic  acid  h  most  abundant  in  Galiutn  XKrum  ;  citric  acid  in  G.  Aptirinf ;  and 
mbichloric  acid  occurs  to  about  equal  amount  in  both.  (Schwarz,  Ann.  Ck  Pharm. 
Ixxxiii.  67.) 

In  Gnfium  Malltiijo^  L.  (the  entire  plant,  exceptinjOf  the  root),  Viel^th  (Cliem. 
Centr,  1856,  423),  found  a  camphordike  volatile  oil,  chlorophyll,  fixed  oil,  wax,  rosin, 
albumin,  starch,  sugar,  bitter  principle,  oxalic  acid,  a  tannic  acid  which  imparted  a 
in^rn  colour  to  iron-sudts  (aapertannic  acid),  citric  acid,  and  rubichloric  acid.  Th« 
iiir-dried  phint  yielded  T'6  per  cent,  aah,  containing  14*5  per  cent.  KH};  6  6  Na-O  i  23*4 
CaK>:  7'fi  Mg^O;  0-3  A1«0" ;  0  5  Fe^O";  trace  of  MnW;  1"3  Cl;  6-9  SO>j  10*4  P«0*; 
IM  SiO*;  40  sand;  and  15*4  CO^ 

aAIOi.    8oe  BrLE. 

OAXtiAlttlO  ACID.  C^'NOV'-Thi!!  acid,  which  has  the  composition  of  iicid 
gallate  of  ammonium  minm  1  at.  water  [C^H*  (NH*)0*— H*0],  k  obtjiined  hy  adding  to 
an  alcoholic  solution  of  tannin  a  mixture  of  1  pt .  of  a  concentrated  solution  of  sulphite  of 
amnioniam  and  6  pts.  of  strong  ammonia,  until  the  whole  ftmelt'*  strongly  of  ammoniii. 
The  object  of  adding  the  sulphite  is  to  prevent  the  oxidij*ing  action  of  the  air  The 
liquor  becomes  heated,  and  gradually  deepens  in  colour.  It  is  eraporat-td  to  dryness, 
und  repeat eilly  exhausted  with  boiling  alcohol.  On  evaporating  thu  alcoholic  liquiirs, 
gaUamic  acid  la  depoait'ed,  and  is  recrystallitied  from  water  slightly  acidulated  with 
hydrochloric  acid. 

Oallamic  acid  crystallisea  in  beautiful  reptangnlar  plates,  having  a  fatly  aiyect,  con- 
taining 2CnrN0*  +  3  aq.  At  lOfl^  C.  it  loses  Its  water  (13'8  ptsr  cent*).  It  is  very 
rapidly  docompo^ed  in  preMtnot-  of  alkiUis.  E.  A, 

aAX.£.EKTXK&OK-IC  ACID.     Bee  Gaixic  Actn  (p.  761). 

GA^^smCIO   ACZ0.    Syn.  with  Mrtaoallic  Acid. 

OAXXiZC   AOn,     C^1I*0»  =- t^^'^^'l^^    |o».     (Om.  xiL39G;    Qork  iiL  867.) 

This  acid,  which  was  discovered  by  Scheele,  exists,  ready  formed,  in  many  plants^  and 
is  also  obtained  by  the  metamorphosis  of  gallotannic  acid  (tannin).  It  is  contained  in 
gallnnta,  in  snmach,  in  hellebore  root,  in  dibidivi,  in  the  acorns  of  Qurrcv^  JE^t/hps^  m 
green  and  black  tea.  in  Um  ursi  h"aves,  in  sandalwood,  in  colchicum,  in  str)'chno» 
bark,  and  in  most  astringent  parts  of  plants. 

To  obtain  it  from  plautij  wbich  at  the  same  time  contain  tannin,  an  infusion  of  the 
plant  is  precipitated  with  gelatin  r  thf*  liquor  separated  from  the  filtrate  ia  evaporated 
to  dryne>'»,  and  exhrnLHted  with  alcohol ;  the  alcohL>lic  .solution  is  evaporated  ;  and  the 
rrsiduc  is  rxbauMfMl  by  boiling  wnt^-r,  whirh,  on  cooling,  deposiLM  gallic  tw'td  in  cryalala. 
They  are  puiificd  by  rtcryt^talbsAtiou  and  treatment  with  auimal  eharroal. 
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Qttllic  «cid  is,  howerer,  much  more  ronveniently  obt&Lned  bj  the  jn.etmtoorpk^^M 
the  tannin  in  g&ltnuUt  (gaUotannic  add).  Thn  ^ullniita  are  powdered,  aod  ^=KP^^| 
tho  air  for  sbmit  a  month  at  &  tcmpomture  of  20**— 26<^  C.,  being  kept  eonti^H 
moifftencHl.  The  roaBs  beeotnea  ooTered  with  raoold,  which  most  be  constantlj  ff<i^H 
At  the  expiration  of  thftt  time  it  is  presied.  The  liquor  is  coloured  deep  brown,  lli^^| 
toini  only  a  Am&U  quantitT  of  gallic  acid,  the  greater  part  of  which  remaiDS  in  tiwul^H 
This  ifl  extracted  by  boiling  water,  and  the  crystaJa  which  dr posit  on  cooling  ^^H 
diMolTed  in  8  tini4>fl  their  weight  of  boiling  water,  and  treated  with  animal  <:^>^^| 
Thia  method^  though  the  lea<it  oostlj,  requires  a  long  time.  Tho  metaiuomboeif  ^^^ 
to  depend  on  tho  ai^tion  of  a  kind  of  nitrogcnoaa  ferment  in  the  g^hiut.  If  an  a^^| 
of  the  gallnnts  ha  employed^  the  metamorphosis  alao  takes  place,  but  milok^H 
slowly.  ^  ^^M 

By  the  action  of  adda  or  alkalis,  gallotannie  add  is   reaolTed  into  glflm^^l 

gallic  acid :  ^^| 

Cs-II»0»'  4-  iH»0  =  3C^W  +  Cai'K)«i  ^M 

Tannin.  GaIUc  acid.      GlucoM.  ^H 

and  this  ia  the  most  conrenient  way  of  obtaining  gallic  add.  ^^M 

According  to  Liebig,  the  best  mode  of  proceeding  is  to  prceipitate  a  salot^^f 
tannin  by  sulphuric  acid,  sind  introdiico  the  precipitate  into  Ijoiling  dilate  ^{^^| 
jicid.  After  a  few  minutes,  gallic  acid  in  depof;ite<l  in  crystaU,  Tbej  are  pniriHea^^H 
Kiilphuric  acid  by  repeated  crystallisation*  di^^olved  in  boiling  water,  and  aoetl^^H 
lead  added.  Th6  predpitate  is  washed*  diJUised  in  boiling  water,  and  decompoMHP 
liiilphurelted  hydrogen.  The  mixttire  filtered  boiling,  deposits  coloured  crystals  ca 
coollnii:. 

Gallic  acid  may  he  also  obtained  &om  t&nnin  by  the  action  of  alkalis  ;  bot  this  pco- 
coMi  \s  scarcely  to  be  recommended,  from  the  readiness  with  which  gallic  ada  a 
oxidised  in  presence  of  potash.  ^h 

Lastly,  gallic  acid  is  produced  by  the  action  of  hot  concentrated  potiudi-aobiii^H 

C»n^I=0»     +     2IPD     ^     C'H'O'     +     2HL  ^| 

Di  lodoMlicrtlc  Gillie  add.  ^H 

arid.  jpi 

A  considerable  portion  of  the  gallic  add  thus  formed  is.  howeyer,  conrerted  daring^  W  ■ 
process  into  pyrogaEic  acid.    (Laniemann,  Ann.  Cb.  Pharm.  C3ex  317.) 

Gallic  acid  crj-stulliifCi!  in  long  filky  needles,  or  in  trielinic  prisms.  Obeerred  eom- 
bination,  oP  .  T  .  ojT  .  ooP* .  oel^ao  ,  Incllnaiion  of  the  faces,  T  :  ocpae  «=  95**; 
T  :  oe;P=  125^20;  oat*  :  »T  ^  8*^:  cc/P  :  oeP;  *  160^;  T  :  oP  *  nS*; 
OS  1*00  :  op  =  iibout  150^,  Cleavage  pamlMtoTr  lesa  distinct  parallel  lo  «^«, 
The  cryptjds  are  inodorous,  and  have  an  astringent  elightly  acid  tuste.  They  dissolve 
in  100  pts.  of  cold  and  in  3  pts.  of  boiling  water,  and  the  solution  wdden*  litmns. 
Tht'j  are  very  soluble  in  alcohol,  It^ss  soluble  in  ether.  Tht^y  lose  2  at.  s>  9*5  per  cent, 
of  water  at  100°  C. 

Pure  and  dry  gaMic  add  heated  to  2i0<*  or  216°  C.  decompoaoa  into  pyrogallie 
acid  and  carbonic  anhydride: 

C'H»0»  =  CO*  +  C«H«0*. 
Cftlllc  ftctd.  PfragaUlc  add. 

When  gallic  acid  is  kept  for  some  time  at  230*  C,  a  brownish,  lustt^ni^  8oIiiblensi<ha 
is  obtained,  which  precipitates  gelatin,  hut  not  the  Testable  alkalis,     (BaneUg|^H 
g&llmlmic  acid.)  ^H 

When  gallic  acid  is  rapidly  heated  to  250^  C,  carbonic  anhydride  is  given  off;  |^| 
instead  of  ppogal lie  acid,  a  black  ulmic  compound  is  obtained,  lustrous,  taiteleas,^  ^^| 
Cfimpletely  msoJnble  in  water.  This  la  m  ctagallic  acid  (f.v,)  It  is  soluble  in^^| 
ulkalts,  and  it^  lilkaline  salts  predpitate  the  salts  of  the  earths  and  metala.  ^^| 

An  aqueous  solution  of  galtic  acid  does  not  «^hange  if  exduded  from  tho  air ;  boi  fnll^H 
presence  of  oxygen^  more  espedally  in  theprceenoe  of  alkalis  also,  carbonic  anhydride  U 
diitenguged.  and  a  block  subHtaQce  deposited. 

Pure  gallic  acid  precipitates  neither  gelatin  nor  the  vegetable  alkalis,  a  de|VKrtloeDt 
by  which  it  is  distingnifibed  from  tannin ;  but,  wh«>n  mixed  with  gom,  it  pniduees  a 
prmpitiite  with  gelatin. 

Boiled  with  an  excess  of  potaak^  gallic  add  is  changed  into  %  black  aci4 
tannomelauic  acid: 


C^H-0' 

Gallic  acid. 


O  ^  C*H*0»   + 

Tannoin^lMik 
acid. 


CO'    +    H'O 


Solution  of  pllic  acid,  minted  with  aeid-carfmitatt  of  calcium  and  ezpoaed  to  tW  aif* 
beonmes  ultimately  of  a  diurk  blue  colour.  When  the  solntion  is  boiled,  carbooatenl 
cjilLUum  is  deposited,  and  the  liquid  becomes  colourless,  but  on  cooling  is  ngiis  blofr 
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This  coloration  is  Baid  by  Wackeorodcr  to  ha  due  to  the  fortnation  of  a  pociilittr 
ai^iil^  CiilU'd  ganepyllironic  or  cyanogallic  acid 

Oently  heated  with  concentnited  miiphuric  acid,  gallic  acid  lo«?s  tlie  element  a  of 
vattTj  and  beTOinBB  ooDvert^d  into  rufigallic  acid. 

By  tha  actloa  of  4  at.  of  cfUorid^  of  acttyl  on  gallic  acid»  tetracotylgnllic  acid 
ifi  formed:  C'H*0*  f  4(C»H»0a)  =  4Ha  +  C'»H»*0*, 

Calllc  Chloride  of  T«tr»c«ttlf*lllc 

acid.  wecil.  acid. 

It  crystalliflc-j)  in  small  Imstrous  ceedlea,  wliieh  am  difficultly  floluble  in  water  \  it  is 
decompoaed  by  the  action  of  baflea,  fonDing  palktea. 

Triacetylgallic  acid, C'H"(C»H'0)»C)*;dibutyrylgiilHc  acid, C'HVC*n*0)=0*. 
and  dibcnzoylgallic  acid,  C'H*(C'H*0)^0*,  arv  aim i krly  fortned.  (Nachhiiur, 
J.  pr.  Chcm.  bciii.  43 K) 

Gallic  add  is  dccoraposed  by  ptrmanganaU  o/|N>*<w*iK?»,with  dispngagem^nt  of 
carbonic  acid ;  thi!  dccolomatiou  of  the  peniianganat©  iu  so  complete  that  a  volnrnelric 
method  for  det4»rmining  gallic  acid  has  been  baaed  on  thia  reaction.  (Moriu, 
Compt.  rend  3dvi,  ST?*) 

Gallic  add  rcduccB  goid  and  «7irr  salts  to  the  metallic  itate. 

Gallic  add  expela  carbonic  acid  from  its  aalta ;  it  is  a  tribaaic  acid,  and  fonna  tliir^ 
Bcrieacrfaalta:         Trim etal lie  gallata      ,         .         .         eH'M'O* 
Bimetallic  gallate       .         .         .         C^H*M^'0* 
Monometallic  gaUat*?  .         .         .         C^H'MO^ 

There  are  also  basic  and  acid  com  pounds     The  alkaline  gaUates  ar<^  eoIuIjIc. 

Aluminium*$alt  Thia  body  has  no  definite  composition.  When  freshly  preci- 
pitated hydrate  of  alumina  in  added  to  a  solution  of  gallic  acid,  the  latter  ia  entirt'lj 
predpitated,  whOe  the  former  b  not  altered  in  appearance. 

An  acid  ammonium- 1 alt,  C^H*(NH*)0*  +  H*0,  i»  prepared  by  saturating  a  boIu- 
lion  of  gallic  add  in  absolute  alcohol  with  ammoniacal  gaa.  The  salt  which  depo§it3 
IS  wash^  with  alcohol,  and  tlien  disaolved  in  the  smalleat  quantity  of  boiling  wat^T. 
It  crystaHisea  in  ^e  needles. 

The  ncxdred  or  triammonie  gaUatc  is  not  known* 

Antimony -salt.  —  White  precipitate  obtained  by  Iho  donhlo  decomposition  of 
tartar-emetic  and  an  alkuline  gidlate. 

Barium-salt^  C'H*BaO*.— Freshly  prccipitatc?d  carbonate  of  barium  is  added  to  a 
boiling  solution  of  gallic  acid,  as  long  as  efferreacence  is  produced  ^  tht*  liquor  diluttni, 
filtered,  aJid  eTaporatcd,  yielda  crystals,  which  must  be  remoTod  as  rapidly  aa  tbey  arc 
produced     The  more  rapid  the  concentration,  the  purt^r  the  cryatala. 

The  caleivm-sait,  C*H*CaO*  +  aq.,  is  prepared  in  like  manner.  Thm  pidc 
yellow  cnista  composed  of  adherent  needles. 

Cohalt'Sali,  C^H*CJo"0*>  3H»0.— Depo8it4!d  as  a  erimaon  powder  when  acetate  of 
cobalt  is  boiled  with  excess  of  gullic  add  aolution*  and  the  mixt^ire  eTaporated, 

Lead- sal t^  C'H*Pb'(>*  +  aq.^Ohtained  as  a  white  |>rfrdpitute,  which  becomes 
cryst«lline^  by  adding  acetato  of  lead  to  an  excess  of  a  boiling  aalution  of  gallio  acid. 

Biuic  Uad^alt,  2(C^II»Pb*0»).Pb'0. — When  gallic  arid  is  added  to  an  oacesa 
of  a  boiling  acetate  of  lead  solution,  a  white  flaky  precipitate  is  formed  which,  by 
boiling,  m  eonrerted  into  a  yellow  crystalline  basic  salt  of  the  above  composition. 

Iron -salt. — Ferric  solutions  colour  gallic  acid  of  a  deep  blue.  "Wlien  the  litpiid 
is  heated  it  beramea  decolorised  and  carbonic  acid  is  liberated,  the  ferric  salt  being 
reduced  to  the  state  of  protoxide.  According  to  Mahla,  part  of  the  gallic  acid  is 
conrerted  into  metngallic  acid  {q^v.} 

Magnrsium-salt,  C'H*Mg'0*  +  SHK). — Obtained  by  boiling  acetate  of  miigne«inm 
with  excess  of  gallic  acid,  erapo rating  to  dryness,  and  treating  with  alcohol  to  remove 
free  pMllic  acid  The  gallate  of  iQagnefitnm  forma  a  light  white  powder,  difficultly 
soluble  in  water. 

Manganest-salt,  CTI*I^I-0*  +  aq. — ^Obtuined  by  double  decompoaition,  aa  a  white 
granular,  crystalline  powder,  which  rapidly  l*eeome»  brown  in  the  air. 

Nicktl-salt. — A  basic  niekel-salt  of  variabla composition  is  prepared  by  treating 
gallic  add  with  carbonate  of  nickel. 

Potassium-salt,  2C'H*K0* C'H^O" -f  H-O,— As  this  salt  is  rapidlv  changed  by 
contact  with  the  air,  it8  preparation  reqnirea  special  precautions.  An  alcoholic  solu- 
tion of  potash  is  gradually  added  to  an  alcoholic  solution  of  pallic  acid  until  the 
precipitate,  which  at  first  disappears,  begins  to  he  pcrm^^nenl.  If  tht*  liquid  be  then 
agitated,  the  precipitate  separates  in  wbatr'  flukes.  These  are  filtered  and  washed 
with  alcohol  to  remove  free  pdlic  acid,  and  then  diBSolved  in  water,  concentrated,  and 
prccipit;itiHl  by  alixihul  in  colourlesa  needles. 
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Sedium-tatl,  C'H*NiiO* -f  3H*0,^Pr«»pared  in  the  same   wamnnerp  mnd 
of  flue  ne*dl€«,  irhich  lose  their  vtaUr  of  crjstalHAatiQQ  at  lOO^, 

Strontium-salt,  C'H*SrO*  +  2H*0.— PitypuKd  like  the  b«riQm-0alt«  uid 
of  tmsll  needles,  little  soluble  in  w^ter  and  insoluble  in  alcohol. 

7*1  i»-*fl /*,  C'H*Sii"0*.Sn**0.— White  crystalline  powder,  obtamM  by  adding 
Acid  to  a  BolutioD  of  protochloride  of  tin^  previoastj  neutj^i^ed  with  lunnionia. 

Zincs  ft  1 1^  C^H*Zn*0»  +  Zn*0. — Deposited  aa  a  bulky  wbit«  precipitat**  "trhtA 
gallic  Acid  i'i  added  to  an  cxc4«b  of  solution  of  acetate  of  2ijic^  £.  A, 

fl' A^Tf ?^  '  "  i*i*M-    Sjn.  with  Rutil.b. 

OAxXiVirrSf  aAx.i.s,  or  mrraj^uba.    Xois  ds  gaiu.    G4tU^p/d,—li' 

CTcsconcci*  pru-iurKl  cm  Ui*^  leaves  and  leaf-stalkBof  the  dyer*a  Oiik  {Quercus  ii^/eeionA] 
by  the  puueturvs  of  the  gall-wasp  {Cynips  Jdii  qiiercui  s.  Diplolepii  gaUm  tutetumai 
tiuid«  for  the  purpose  of  depositing  iha  eggs.  The  excresccticef  in  ita  eaHy  staftiv  i^no* 
a  spongy  mtfcaa,  enclosing  the  egg«;  at  a  latef  ftage  it  baidens,  and  is  parfoiated  t^ 
tho  io&ect«  aa  they  make  their  eacape. 

The  best  galla,  containing  tbe  larp:e8t  quantity  of  tannin,  come  from  tlie  Ijeraat,  aad 
among  these  the  most  highly  prized  are  the  black,  blue,  or  Aleppo  gatU^  Tbcj  sit 
heavy,  compact,  prickly,  of  blackish  or  brownish  colour,  and  not  eat«n  or  peifoaktL 
The  white  galh,  which  are  Icaa  valued,  are  generally  somewhat  Lu^r,  of  yell 
grey  colour,  much  lighter,  epon^,  and  perforated  by  the  completely  developed  ti 

Inferior  kind?  of  gallnuts,  c^ed  Trieste  galU,  are  obtained  &om  Dalmatis,  I 
and  Calabria,  where  they  grow  chiefly  oij  the  Quercus  Ccrris:  tlicy  are  nnaUer,  prickly 
on  the  Burface,  and  of  brownish  colour. 

Daw  found,  in  the  best  Aleppo  f^s,  260  per  cent  tannic  acid,  precipitable  by  i»- 
mcrsed  animal  mombnuie;  2'5  mucus  and  extractive  matter;  6*0  gallic  acid;  2*6  dl* 
cium-  and  other  salts;  and  63  insoluble  fibre-  According  to  Guiboort,  sallattb 
contAin  65 '0  percent  tannic  acid,  2  gallic  acid,  2  ellagio  and  iQteogaUif  aada.  07 
Tolatile  oil  and  chlorophyll,  2  2  brown  matter,  25  gum.  2  starch,  10'5  iruody  fibft» 
13  sugar,  albumin,  and  inorganic  salts,  and  11  water. 

The  galls,  or  oak -apples,  of  the  common  English  oak  arc  similarly  oonatitnted, 
contain  only  a  small  proportion  of  tjinnic  acid. 

trails  are  extenaiTely  used  for  the  prepamtion  of  ink,  for  the  production  of 
and  grey  tint^  in  dyeing,  for  turkey-rod  dyeing,  and  in  calico  printing.     The  gjL_ 
the  common  oak  and  Qi4€rctfs  Ccrris  are  used  for  tanning  in  IlungsvTy»  Dalmatts 
Uio  Boutlicm  proTincea  of  Austria,    (See  Urc'jt  Dictionari/  of  Arts,  ic<L,  ii.  320.) 

nin.  Tanning  principle.  (Dovrenx^  J.  Phys.  ilii.  401. —  St^guin,  Asa.  Cbim. 
XX.  l6,"Braconnot|  ibid,  1.  376. — Pelleticr,  ibid,  btxacrii.  103. — Beraelias,  i4«i 
xciT.  318.— Pelouze,  Ann.  Ch.  Phye.  lir.  337.— Liebig.  Ann.  Ck  Pharm.  x  HX— 
Biichner,  ibid,  liiL  175,  349.— St  en  house,  Phil  Mag.  [3]  xxii.  417  ;  xiiiL  331 :  Prte. 
Roy.  Soc.  xi.  401.— Wetherill,  J.  Phann.  [3]  xiL  107,~Mulder,  Ami.  Ch.  PhAim, 
xxxi.  124.— Wackenroder,  J.  pr.  Chom.  xxir.  28.— Strccker,  Ann.  Ch.  Phann, 

IxxxL  248 ;  xc.  328;  Chem.  8oc.  Qu,  J.  v.  102;  Phil  Mag.  [4],  viu.  167 Rochl«def 

and  KawalicT.  J.  pr.  Chem.  Ixxir.  28  and  399, — Gm.  xv.  449, — Qerk  iii,  847  > 

This  at^id  is  contained  in  the  galluuts  of  Qncnuis  in/ntaria  and  other  species  of  eak. 
in  the  various  spocioa  of  eumach  (Stcnhouse),  aud  in  Chinese  gallnat«,  the  C3tcn«cmr« 
formed  on  thi>  branches  of  a  tree  growing  in  Japan,  which,  according  to  Schenck 
(X.  Report.  Phann*  v.  26  and  306),  is  alao  a  species  of  sumach  (,^Aiia  irmtafa*^,  or 
Jih.  Chinen^fs), 

Many  other  plants  cont^iin  substances  which  resemble  gnllotannic  acid  in  many 
respeetit,  vig.  in  naring  a  slight  acid  reaction*  and  an  afitrinpent  but  not  acid  ta«te:  in 
precipitating  albtimin  and  gehitin  from  solution,  and  uniiiug  with  animal  mcsnbn&o 
into  a  substance  which  resiwts  putrefaction,  namely  leather,  the  skin  then  be«oin^ 
tumipd.  All  these  ••mbstances,  called  tannic  acids,  or  tannins,  wer«  onginally 
f)Rp[X}9ed  to  be  identical  with  gHllotonnic  acid,  or  to  differ  from  it  only  in  conseqtienrtf 
of  the  admixture  of  forr^ign  matters ;  but  the  more  exact  investigation  to' which  they  havn 
been  submitted  of  late  yoar»,  has  shown  that  most  of  them  differ  in  some  essential  prop<r^ 
ties  from  gallotannic  acid,  this  acid,  indeed,  existing  only  in  the  p»]ants abort?  mentioacd. 

The  vjinous  specie's  of  tannin  mtiy  be  divided  into  two  genpra— those  which  git* 
black  or  blue,  and  tho^p  which  give  olivc-grccn  precipitates,  with  ferric  ailts;  and 
Htenhou*:o  has  shown  that  most  of  the  tannins  which  give  bluish-bhick  prwipitatw 
with  frrrir  salts  arc  glueoaideB.  that  is  to  say,  th'*y  are  resolved,  by  Ixri ling  with 
dilute  rteidfl,  into  glucose  and  another  substance — a  pMperty  firet  pointed  out  in  ths 
rase  of  gallotannic  acid,  which  yields  ^huose  and  gjillie  acid,  by  Str»scker ;  irheft<i% 
among  tijose  which  giro  grcfn  procipilalcs  with  ferric  fcalts,  only  one,  ria.  the  tanmo 
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of  willow-bark,  appeara  to  lie  a  gIu<?OBid**.  Among  the  tflnnins  of  the  first  dirmion, 
gjillotannic  iicid  in  DfijK?ciully  dbtinfjuishod  by  yifkliug  pyro gallic  acid  whcti 
Eeuttd,  whereas  the  other  taiuiiun  yield  diJft^renl  proilucts,  (Stfe  T.usxrif.) 

Prt-jmraiion  of  Gaihiannic  acid.  —  I.  A  pen>3lating  apparatua  i^  half  filled  with 
€iir^ly  puWorised  gallnuLB,  and  commercial  ether,  coatxiixmig  water  and  alcohol,  in 
pout^  in.  The  liquid  which  runs  away  aep^&ratee  into  two  layers,  the  lower  of  whftih 
Id  a  heavy,  pyrupy,  amber-colourfHi  solotion  of  tannic  add,  water,  and  ether;  whilij  tho 
iipP'r  is  loobile,  conaiKting  of  ether,  wat«r,  gallic  acid,  and  a  small  quantity  of  tannic 
acui  Ether  i&  iwnred  into  the  apparatus  as  long  a^  the  lower  stratum  continue§  to 
inL'rciL*Jc:  the  upper  In jer  is  then  removed;  and  the  lower  is  repeatedly  washed  with 
etb^r,  and  drieil  in  racuo  or  by  heat.  Gullnuta  thus  treated  yield  from  35  to  40  per 
ernt.  tiinnie  acid.    (Pulouze^  Ann.  Ch.  rharm.  x.  143,  210.) 

2.  100  pts,  of  powdered  gall  aula  are  treated  in  th©  percolating  apparatus  with  a 
mixture  of  3t)f*  pt«.  ether,  16  pt*.  alcohol  of  90  per  eeut.,  and  6  pta.  water  (or  20  pt^. 
uk'ohol  of  69  per  cent*) ;  the  residue,  aft^r  the  liquid  haH  nm  o^  in  twice  trctiteil  with 
the  Slime  mixture,  then  three  time*  with  pure  ether;  and  the  whole,  of  the  extra  eta  are 
shaken  up  together,  and  left  to  settle  for  a  week.  The  up{>c'r  of  the  two  layers  thus 
formed  ia  decanted  from  the  syrup  below,  the  latter  is  eiiiponited  over  the  watep-bath, 
and  the  residue  ia  dried  between  100^  and  110^  C.  To  purify  the  tannic  acid  thus 
obtained,^  or  by  the  first  process,  from  admixed  piallic  acid,  ellogio  acid,  volatile  oil,  and 
cblorophyll,  100  pt5,  of  it  are  shaken  up  with  100  pt«.  wat^r  and  200  pts.  ether, 
wher»niy  three  layers  ar*  formed,  the  upper  eonaiiiting  of  ether,  the  middle  of  aqueom 
gallic  acid  and  impttro  tannic  add,  while  the  lowest^  which  is  aympj,  and  amouuta  to 
21%')  pt4„  leaves,  on  eviipomtioti,  90  pta  of  pure  tanmc  acid  (Gnibourt,  Ann,  Ch. 
Pharm.  xltiii.  369).  Mohr  employs  for  the  extrnction  a  mixture  of  equal  volumes  of 
ether  and  alcohol  of  90  per  cent.  The  filtrate  is  syrupy,  but  thinner  than  that  obtaiueti 
l)y  the  first  method,  and  forma  only  one  layer,  exhibita  but  little  turbidity  on  the 
addition  of  a  large  quantity  of  ether,  and  if  7  fluid  ounces  of  ether  are  used  to  2  ouncefi 
of  galla,  yields  a  quantity  of  tannic  acid  amounting  to  72  per  cent  of  tljo  galls.  If  a 
mixture  of  4  vols,  ether  and  1  vol.  alcohol  of  90  per  cent,  ia  used,  the  extract  has  tlio 
same  constitution  (Mohr,  Sandrock).  With  Chinese  gallis  hydrutcd ether  acts  better 
than  ether^alcohol.    fE.  Riegel,  N.  Jahrb.  Pharm.  iii  252.) 

According  to  Strecxer,  tannic  acid,  prepared  and  purified  as  above,  cannot  ho  furth"r 
r*^solved  into  diflierent  substances  by  repente^^ly  treating  its  ethereal  solution  with 
water,  but  exhibits  the  fiame  compoattion  before  and  after  this  treatment.  RoohlediT 
and  Krtwalier,  on  the  othor  hand,  regard  the  tannic  acid  obtained  from  gallnuts  by 
wthauation  with  ether  and  water,  as  a  mixture  still  containing  gallic  and  ellagic  acid'*; 
to  separate  these  substances  they  proceed  as  follows  :«— 

The  solution  of  tannic  acid  in  the  smallest  possible  quantity  of  water,  is  shaken  up 
with  A  small  quantity  of  solution  of  neutral  ac**tate  of  lead;  the  filtrate  is  mixed  with 
water,  and  filtered  again  from  the  very  impure  tanuate  of  lead  thereby  preeipitnted ; 
and  the  new  filtrate  is  precipitated  by  neutnil  acetate  of  lead  in  three  jx»rtions.  By 
decomposing  the  first  and  third  of  these  precipitates  with  sulphydric  acid,  and  expelling 
the  ex{?efia  of  that  acid  by  a  utr^Jiin  of  carbonic  acid,  solutions  are  obtained  which, 
when  boiled  with  sulphydric  acid  out  of  contact  with  the  air,  jicld  a  large  portitiin  of 
ellagic  acid.  If  the  tannic  acid  solution,  obtained  in  like  manner  from  the  middle 
|>ortion,  be  procipitated  by  tartar-emetic,  with  addition  of  a  little  cari)onat^  of  ammonia, 
—  the  precipitate  washed  with  hot  water,  and  decomposed  under  water  with  sulphydric 
acid, — and  the  excess  of  that  acid  pxpelled  by  paaaing  carbonic  acid  into  the  hot  liquid, 
the  filtrate,  when  left  to  itself  in  vacuo,  becomes  turbid,  and  deposits  a  brown  sub* 
stance.  The  solution,  separated  from  this  substance  by  filtration  and  evaporaiinn  in 
vacuo,  leaves  colourless  amorphou*»  tannic  acid,  which,  when  boiled  with  hydrochloric 
ociib  no  longer  leaves  any  residue  of  ellagic  ncid. 

I^ropfTtirjf. — Gallotannic  acid  is  a  colourless,  amorphous  mass,  remaining,  when  its 
aqueous  solution  is  evaporated,  in  transparent,  xntreous,  fihining,  fissured,  easily  frirtble 
htmps.  It  is  inodorous  ;  has  a  strongly  astringent  taste,  not  at  all  bitter ;  re<ldcn» 
litmus  strongly  ;  does  not  soften  between  the  fingers.  It  acquires  a  yellow  colour  by 
t'XjXi«iure  to  light,  even  in  closed  vessels.    It  does  not  act  on  polarised  light. 

Grillntannic  add  dissolves  readily  in  water,  forming  a  colourless  fi^lhing  liquid. 
The  following  table  eihibits  the  specific  gravity  of  aqueous  gallotanic  acid  at  16^  U 
erwrding  to  IT  am  m  er  (J.  pr.  Cbem.  Ixxxi.  169) : 
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GiiBotAnnicAeidui|)recipitiited  from  it«  aqueous Wotiou  bjaeveral  ai//«,  ssIit^a 
mooiac,  oommon  salt,  sulphate  and  aiietate  of  potasnum  (not  bj  nitre  or  UiaaWt  j 
salts,  according  to  StreclEer);b7  xulpkurie  and  iydroehlaric  acid  (3erzelitifl);  ftmi 
Tcnr  concentrated  solution  hj  phofphoric^  oxalic^  and  tartaric  acid  (Wack^nroderX 
and  hy  artenic  add  (Bprzehus).  Wh ea  Aofic  acid  in  disaolTcd,  iritii  aid  of  belt 
in  aqtiMUB  tannic  acid,  the  mass  Bolidifies  on  cooling  to  a  white  jeUj,  which  dn«a^ 
to  a  bulky,  Baow-whito  mfws  (Berzelius).  These  precipitHt«a  were  regudad  ly 
BcrccliuJ  as  rompounrijt  of  tiinnic  ncid  with  mineral  acid§  ;  but  the  precipitate  tlmrva 
down  by  sulphuric  acid  retainn,  after  pressure,  only  a  small  and  rariAble  qnaiitttj  «f 
sulphuric  acid;  that  produced  by  hydixschloric  acid  gives  off  all  its  hydro^<ine  moA 
in  Tacuo  orer  quicklime  :  hence  the  precipitates  can  bo  regarded  only  as  mixtiitft  rf 
tannic  acid  with  mineml  acids,  produced  because  tannic  acid  is  lees  soluhLe  in  '*~ 
lati^d  than  in  pure  watr^r.     (Strecki^r.) 

GaUotannic  acid  dissolves  in  hydraied  more  abundantly  than  in  ab^olmU 
(Polouze).     According  to  Pelouze,  Bolley,  and  LuboMt,  it  dissolvr-  *  ^    ^annglj 
anhydrous  ether,  and,  when  covered  with   it,  remains  perfectly  ptii 

to  Strecker  and  others,  while,  according  to  Mohr,  it  diasokejt  jn  con- qimlity. 

With  tthi-r  containing  water,  it  forms,  aft^r  some  secondu,  a  very  hewvy  iiqui4  Jwt 
Ihat  which  separates  in  the  preparation  of  taimic  acid  (p.  763).  Of  tli  two  iayiin 
Ihus  formed,  the  lower  coneists  of  tannic  acid,  which  has  taken  up  the  water  of  ifce 
ether  and  odIj  a  very  small  quantity  of  ether,  while  the  upper  layer  contains  ether,  a 
Fmall  quantity  of  tannic  acid,  and  the  foreign  substajicea  taken  up  with  it  (Peloua^V 
When  tannic  acid,  dried  at  110<^  C,  is  covered  with  anhydrous  ether,  the  sohtiaQ 
standing  above  the  excess  of  pulverised  tannic  acid,  after  being  agitat^nl  for  a  eoini- 
derable  time,  contains  in  solution  only  0-206  per  cent,  at  5^C.,  and  0  384  per  cent  tX 
orilinary  temperatures.  On  aiiding  to  the  ether  half  a  volume  per  cent,  of  wateff  the 
tannic  acid,  which  has  hitherto  been  previflh  yellow  and  pulverulent,  deliquescei  to 
brownish  lumpM,  and  on  addition  of  a  few  drops  more  water,  to  a  »yrup,  AHer  nMj**™ 
of  I  vol  per  cent,  of  water,  the  euperoatant  ether  contains  12  per  cent.,  tannic  acid  to 
fiolntion.  On  continuously  dmpping  water  iuto  the  mixture  and  agitating,  three  laypw 
are  formed,  the  lowest  of  which  is  syrupy,  and  contains  0*297  grnos.  tjuuue  add  in  a 
euhii:i  centimetre.  The  middle  layer  is  somewhat  lighrer  than  the  lowest^  andeoctaiai 
in  a  euhic  c^ntimetFe  0*082  grms.  tannic  acid  dissolved  in  a  large  qnantitj  of  w^ter 
rind  a  Fraall  quantity  of  ether  The  syrupy  layer  contains  lx>th  ether  and  water,  andi« 
f>erlinps  a  tannateof  ethyl  and  hydrogen,  analogous  to  ethylsulpburic  acid.  (Bo  1  ley, 
Chwm.  iSoc.  Qu.  J.  xiii*  295  ;  Ann,  Ch.  Pharm.  cxv,  63,) 

Oallot^innieacid  (crude)  dried  at  160*  C.  rcmciins  pulverulent  when  covered  with  10pt& 
of  anhydroui  ether,  while  the  supernatant  ether  takes  up  2  or  3  per  eentJ  of  solid  coo^ 
stituents,  chiefly  the  foreign  substances  mixed  with  the  tannic  acid.  Water,  either 
pn»seat  in  the  ether,  or  suhsequently  a4ided,  in  grei^dily  absorbed  by  the  tanoic  add, 
and  causes  it  to  deliquesce  to  a  viscid  mass  or  a  sjTTJp,  which  does  not  mix  with  the 
excess  of  ether  When  a  solution  of  100  pts.  tannic  acid  in  100  pt&  water  u  niixfd 
with  150  ptB.  ether,  the  liquid,  if  agitated  and  left  at  reat  at  a  temperature  of  18^  (X 
separates  into  three  layers,  the  lowest  of  which  has  a  specific  gravity  of  107,  tskis  tp 
half  the  total  space,  and  contains  40'6  per  cent,  tannic  acid,  42*2  ether,  and  171 
writer.  The  middle  layer,  which  has  a  density  of  1-02,  contains  14*  16  per  cent,  tazmk 
acid,  1009  ether,  and  76'76  water;  the  uppermost,  of  den.sity  0'762,  ia  chiefly  rth»r, 
containing  in  solution  small  quantities  of  foreign  matters  and  water.  Also,  whrn  2<1 
grma.  tannic  acid,  39  ,grms.  ether,  snd  20  grm?.  water  are  shaken  up  together  and  then 
left  at  reat,  three  layers  are  formed,  tho  lowest  of  which  increases  by  continual  agititioa 
at  1 4 •5'^,  at  the  expenBe  of  the  mpper,  till  it  occupies  36*6,  and  the  upper  17'5  pt&  of 
the  entire  space,  the  middle  layer,  which  remains  unaltered,  occupying  20  pta*  The 
bottom  layer,  when  removed  with  the  pipette,  is  found  to  be  soluble  in  4*5  to  55  pt& 
of  water,  more  abundantly  in  lukewurm  than  in  cold  water.  But  if  water  br  added 
the  mixture  as  it  stands,  divided  into  three  layers,  a  quantity  equal  to  11  limflsl 

volume  of  the  bottom  layer  will  be  recjnired  to  dissolve  it  (the  top  la^-er  at  the        

time  diminishing  to  |)  because  the  water  dissolves  the  bottom  layer  only  so  far  as  it 
can  take  up  ether.  Water  saturated  with  ether  dissolves  only  J  of  the  bottom  layct 
The  buttom  layer  is  therefore  hydrated  tannic  acidy  containing  ether  in  solution :  the 
middle  layer  is  water  containing  ethfr  and  tannic  acid  ;  and  the  top  layi^c  is  <fA*r  whidi 
has  taken  np  watt^r,  tannic  acid,  and  the  foreign  constituents  (Lubolt,  J.  pr.  Chem. 
IxviL  357).  According  to  Mohr,  on  the  contrary  (Ann,  Plmrm,  Ixi.  362),  the  iowrst 
of  the  three  Ittverg  contains  t^uinic  acid  dissolved  in  water;  the  midtlle  layer  tannic 
iicid  dissolved  in  ether.  This  statement,  and  another  madn  by  Mohr  tu  the  cflTect  that 
t^innic  tieid  deliqur-srcs  to  a  syrup  in  anhydrous  ether,  and  that  by  addition  of  mow 
tannic  neid,  the  ether  may  b^complelely  converted  into  this  symp,  arc  not  nicooeilaUe 
with  thi^  riperiments  above  described. 
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The  viscid  symp,  wbicli  eeparatfta  at  the  bottoni  of  the  mixture  of  gallotanaic  aciil, 
water,  iiDd  ether^  imiteit  with  the  fcuptTUiitaut  ulher,  oti  addiiiou  of  aleohol^  to  a  thin 
lUterabl©  liquid,     (Mohr.) 

Giillotunnic  acid  dissolves  iu  actimie^  with  oTolution  of  heat,  the  solution  drying  up 
to  a  jelly  iiml  leiiviag  a  powder  which  has  the  aspect  of  gallotaunic  acid.     (K  nop.^ 

Gallotannic acid  doea  not  unite  with  urea  (Hlaaiwetx,  Wein.  Akad  Ber.x^c.  208).  It 
does  not  dissolve  in  pica  mar  (p.  162)  even  at  the  boiling  heat  (Keichen  bach,  Sebw. 
J.  kniL  356).  It  disstjlves  in  0  pfs,  alsfcerin  (Cap  and  Garot,  J.  Pharm,  [3]  ixvi. 
81)  ;  in  bitUr  (dni/ond  oil,  in  aJmost  all  proportionji»  the  solution,  which  turns  tarown  io 
contact  with  the  air,  slowly  depoeitiDg  crystaLs  of  benzoic  acid  (Knop).  It  diseolTcs 
in  other  oiU,  \iQ\h  fixed  and  voiatUt, 

Jkkctitm  and  Edtiffiation  of  OaUotofmic  Acid, — This  acid  in  pn^iipitated  from  its 
ftqneotia  aolution  by  mineral  acids^  ag  a  gdatinaus  maaa  inaolahle  in  exoeea  of  the  acid. 
With  ftrrie  saiUlt  forma  &  bltiijih-black  precipitate ^  with  fcirroiia  Balta,  thia  precipitate) 
furms  only  as  the  solution  ia  ^rr^dually  oxidised  by  eipoaure  to  the  air.  With  tartar- 
emrtic  it  forms  a  white  gelatinous  precipitate.  With  solation  of  gelatin,  it  ft>rtns  a 
white  precipitate!,  not  absolutely  inaoluble  in  water,  unless  the  tannic  acid  ia  in  excess, 
in  which  nwm  the  precipitate  18  greyi^Eh,  and  aggrega^tfid  to  ao  elaatic  mara.  It  i&  owing 
Io  thi»  property  that  tannic  acid  combines  with  animal  akin,  forming  leather.  It  i^ 
entirely  removed  from  a  solution  by  immersiDg  in  it  a  piece  of  skin  ;  and  the  acid  may 
he  eistimatcd  hj  dotennining  the  increase  in  weight  of  the  ekin.  With  most  organ.e 
atkaimdSf  giLllotannic  acid  foruis  white  compounds,  insoluble  in  water,  aoluble  in  acetic 
aHd, 

Estimation  of  Gallotannic  Acid  in  Ocdl^nuti^  §'C. — L  The  aqueous  extract  is  mixed 
with  solution  of  (»ehitin,  as  long  aa  a  precipitate  ia  thereby  prtKluced,  the  quantity  of 
tannic  acid  which  the  same  solution  of  gelatin  (or  another  of  known  strength)  is  capable 
of  precipitating  baying  been  determined  by  a  previous  experiment  {Wheeler,  Mem. 
Chem.  Sue.  iii.  319.— Feb  ling,  Pharm,  Centr.  1853,  872.-0.  Miiller,  Chem.  Centr. 
1^9,  42).  Miilkr  mixes  the  gelntio-flolution  with  I  pt.  alum  to  accelerate  the  elariR- 
catiOQ  of  the  liquid.  To  obiiate  the  necesaity  of  filtering,  or  waiting  for  the  alow  dc>> 
position  of  the  precipitate  towards  the  end  of  the  Riperimt^nt,  Wheeler  dips  into  the 
solution  a  glass  tube  loosely  closed  at  the  bottom  with  sponge,  and  tries  whethtT  the 
guJatin  solution  which  enters  the  tube  still  gives  a  cloud  with  iKjlution  of  gelatin. 
—2.  Stein  niixo<i  the  aqueous  extract  with  a  known  volume  of  a  biandard  solution  of 
neutral  aeetut**  of  Wad,  dilutes  the  mixture  to  a  givt-n  volume,  and  deterraiues  the 
quantity  of  lead  remaining  in  a  mejisured  portion  of  the  filtr«ite  (Schwciz,  polyt. 
Zviatchr,  ii.  169.) — 3.  Moneir  (Compt.  rend,  xlvi.  ii77 ;  Dingl,  cxivtii.  209)  mixes  the 
aqueous  eztraci  with  solution  of  permangimate  of  potaasinm,  which  rapidly  decempoeea 
tannie  acid,  the  quantity  of  tannic  acid  which  this  aolutioo  is  capable  of  discomposing 
haTing  been  previously  determined.^ — i.  Hammer  (J.  pr»  Chem.Lxxxi.  169)  determinwi 
the  specific  gravity  of  the  solution  (p.  763),  both  before  and  after  the  removal  of  the 
tannic  acid  by  addition  of  about  a  fourfold  quantity  of  animal  skin  which  has  been 
softeuM  in  water,  prcsaed  between  linen,  then  washed,  dried,  and  pulverised. 

On  the  estimation  of  tannic  aeid  see  alao  Fr.  Miiller  (N.  Br  Arch.  xxxviiL  H7\ 
Lowenthal,  J,  pr.  Chem.  Ixxxi.  IGO);  Handtke  (t^^c/.  LxxxiL  34d);  II.  Sackur 
{Utber  den  Gerbprocett,  Disstrtat,  Berlin,  18 GO). 

IkcompoxiHons, — \,  (Jallo-tannic  add  hmtrd  to  15(P  or  160*^  C*  becomes  darker  from 
incipient  decomposition  (Strecker);  at  215**  it  is  resolved  into  water,  earbuiiie  anhy- 
dride, and  pyrogaOic  acid,  which  voliitilise,   and  metagaUic  arid,  which  remains.     At 
250°  only  metagallio  acid  ia  foniied,  without  pyroguUic  acid  (Pelomte): 
C"H«0"  ^  4C"n*0*  +  3C0*  +  3H'0; 

and  C"H«0''  =  SC'H'O'  +  C«H*0=  +  3C0>. 


Acid. 


MetaKdiU: 


Thi*  two  decompositions  may  go  on  simultaueotisly.     (Strecker.) 

2,  Gtillotanuic  acid,  heated  in  a  platintim  spoon,  decrepitates,  undergoes  semifusioD, 
BWt'lIa  up,  carbouiws,  tiLkes  fire,  and  burns  with  a  bright  6ame,  leaving  an  easily  com- 
bustible cinder  (Berzelius). — 3,  EipoFcd  on  a  watch-glass  to  Btn»ag\j  ozonised  air, 
it  acquires  a  yellow  or  yellow-brown  colour,  becomes  glutinous  and  fluid,  strongly  add, 
fnim  formation  of  oxalic  acid,  and  if  the  action  be  contirmed  lon^  enongh,  disapfwan* 
completely,  being  oonvrrted  into  water  and  carbonic  acid  (iSchonDein,  J.  pr.  Chem. 
Ixxxi  12).  Aqueous  gallotaunic  acid,  through  which  020uii«ed  air  is  passed,  ab- 
fiorbs  it  quickly  and  completely,  becomes  dark  brown -red,  then  again  lighter,  and 
forms  oxalic  acid  and  a  substa^nce  which  reduces  cupric  oxide,  these  products  being 
deeompofted  by  the  further  action  of  the  okodc,  so  ttiat  the  liquid  ultimately  ]eflTea 
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but  little  rpsidrK^  trlien  eTaporat^-d  (Oorup-BcsAnez,  Ann.  Ch.  "Phaarm,  ex,  Wi 
WbtQ  A  v**ry  dilute  aqtit'Otis  solution  of  giiUotADiue  o/ad  vb  expo««d  to  the  mr,  t. 
becomee  turbid,  from  »c*paratioQ  ot^^y  cijstalliae  gallic  a«id ;  oxygen  is  absojrb<*4  attlM 
vsme  time,  and  an  eqaflil  Tolamo  of  enrbonic  anhydride  is  produced  (Pclou^eX  Aqwocs 
eaUotatmic  add,  evaporated  with  Aid  of  heat  in  open  Tesscla,  leaves  a  brown,  tBia>» 
lacGBt  niABs,  which,  when  tre^ated  with  wat^r,  leaver  a  dark-brown  n^tidav ;  anj^ 
repeated  evaporation  and  re-aolution,  a  further  quantity  of  the  same  mibeta&re  ^^| 
tained  (Berzelius).  This  residQe  is  the  i>xidistd  tannic  acid  of  tho  older  diig^H 
Ptroxide  of  h^dr^tn,  and  oxygenated  oil  of  turpentine,  do  not  produce  anj  pemf^H 
alteration  in  gaUotannic  acid,    (Schonbein.)  ^^M 

4,  Aqueous  gallo tannic  add  dissolves  Huelr  divided  iodine. — 5,  Aqueous  '''^^H 
eliminates  from  gallotannic  aeid,  even  in  the  eoM,  carbonic  anhydride  mixed  witll  a  l^H 
quantity  of  carbonic  oxide  (Mill  on,  Compt.rend,  xir.  272). — 0.  Br&mifu  a<?ts  r\o\fSSf 
on  ffallotannate  of  potaaaiunif  and  forms  a  brown  ream  (Cabonra,  Ann,  Ch.  FbysL  ux. 
507). — 7-  By  a  ftniall  quantity  of  cA/oWitf,  aqaeoiis  ^llotannic  acid  is  cIond«l,  coloum! 
brown,  and  altered  in  the  same  manner  as  by  evaptiration  in  contact  with  the  mir:  « 
larger  quantity  of  chlorine  decomposea  it  completely  (Berzelius).  CblatmCa  ofpo- 
taasium  scarcely  exerts  any  action  upon  it.     (Simon*) 

B.  Strong  sulphutie  odd  dissolves  gallotannic  add  with  leiiion*jellow  or  brow- 
yellow  colour,  becomes  purple-red,  and  gives  off  sulpburoos  acid  when  moderatdy 
heitted  ;  and  at  a  stronger  heat  becomes  pitch-black,  and  forms  humic  acid  (Wackf  n- 
roderX  By  boiling,  or  hy  continued  digestion  at  a  moderate  heat,  with  dUwte m^ 
phuric  acid,  gallot^innic  acid  i»  resolved  into  giiUic  acid  (Liebig),  and  dextngfvflMB 
(Strecker,  see  p.  702).  Small  quantities  of  ellagic  acid  and  humoos  anb«taae«ta^ 
likewise  formed,  probably  as  seocmdaiy  products  (Str  ecker).  Acetic  acid  is  Mtj^H 
duced  in  this  reaction.    (Liebig.)  ^^| 

9.  When  gallotannic  acid  id  boiled  with  aqueous  h^droehloric  aeid  oat  of  oonlsrf  wtHi 
the  iiir,  r*liagie  acid  and  sugar  are  almost  always  obtained,  their  qaantilies,  h^wtnyr, 
not  beiirinp;  any  definite  proportion  lo  one  another,     (Eochleder  and  T'  *        \ 

10.  Nitric  acid  does  not  precipitate  aqueons  gallotannie  acid,  or  with  > :  iv, 
but  colours  it  yellow,  then  rr-d,  and  decomposes  it  quickly  with  format luij,  i.i  ^..^diitf 
acid  (Stenbouse).— IL  When  itquwusgidlotiinnic  acid  is  mixed  with  aqneoui  omm 
ftridof  the  strength  of  3  per  cent.,  an  inodorous  deep  blue  liquid  is  formed,  tnuiqMf|^f 
only  in  thin  tilms,  and  leaving  on  evaporation  a  black-bine,  amorphooa,  insoli^H 
biyer.  On  dissolving  this  ro^^idue  in  aqueous  osmic  scid,  osmic  oxide  ia  aepiirtted,^^ 
reaction  l>eing  acceleriited  by  heat ;  and  the  rod-brown  filtrate  obtained  after  heattof 
the  liquid  with  liumionia  yit  Uls,  by  evaponition,  brown  cryst.alline  needle«  and  a  b»* 
mens  sfubstance.  The  needlcn  contain  oxalic  acid,  and  an  acid  very  much  like  sabenc 
acifi     (Buttle row,  J.  pr.  Chem.  Ivi.  207.) 

12.  Gaillotannic  acid,  boik-d  with  excei<s  of  weak  p^tash-lty^  yielda  gallic  tdd 
(Liebig,  xii.  398).  The  solutjon  separated  fnam  tho  gallic  acid  does  not  coDtaia 
acetic  ocid.  Br  prolonged  boiling,  tho  gallic  acid  is  resolved  into  carbonic  and  pjrth 
galHc  acids.     (Liebig.) 

Wlien  gallotannic  acid  is  treated  with  alkalis  in  a  cnrrent  of  hydttjg«ii^  gallic  idd 
and  a  guru,  C'^IP'O^*,  are  produced  (Rochleder  and  Kuwalier,  Wien^  Akad*  Brr. 
XXV.  fifiS).- — 13*  (jallotannic  acid  boiled  with  hi/drate  of  barium^  fields  gallic  acid  sad 
glueate  of  barium   (Rochleder  and   Kawalier).    Baryta  or  'limewal«r  in  ezoM^ 
quickly  colours  gallotannic  acid  green^  blue,  red^  and  yellowish-brown  ;  adds  dMidai^H 
t  he  so  1  ution ,    { W  a  c  k  e  n  r  ^  d  o  r. )  ^| 

14.  When  gallotannic  acid  is  boiled  for  several  hours  with  an  cqnal  "weight  of  mntlnrf 
tidphitc  iif  sodium  or  potasnum  and  12  pts.  of  water,,  or  when  the  solution  is  evaiM>- 
rated  till  it  fnithg  up  in  viscid  bladders,  a  quantity  of  gallotanuic  iicid  is  obtainefl,  eqmJ 
to  75 — 79  per  cent,,  and  fi  or  6  per  cent,  of  a  second  body,  which  bos  the  composition, 
but  not  tho  properties,  of  sugar.     (Knop.) 

15.  Chromic  acid,  heated  with  an  aqueous  Bolntton  of  gallotannic  acid,  qntcklr 
decompodM  it^  with  evolution  of  carbonic  anhyilride  (Hunefi»ld,  J,  pr.  Chera.  xw 
361).  Acid  chromate  of  potfwwiam  produces  a  yellow-brown  precipitate,  which 
quickly  tnms  black  (Wack  en  rod  or).  — 16.  Peroxide  o/ nuin^nnese  hf^ated  with  sqoe- 
ons  gallotimnic  acid,  with  or  without  sulphuric  acid,  decomposes  it^  with  evolution  of 
carlwnic  anhydride  and  formation  of  brown  extractive  matter.  No  gallic  add  ij 
pn>d uced  in  this  reaction  (Hiinefeld).  Bj  p<^rnmtnjaniiU  of  potassium^  aqueous 
gaHotiiimic  acid  is  nipidly  oxidiso^J,  the  solution,  if  ct:»ncentmted,  giving  ofTcarbomciaby- 
dride.  In  this  rcMClion,  a  body  of  undetermined  constitution  is  prodneed,  besiib^s  (N^rT«>ni« 
acid  and  Wiitcp  (Monier,  Coinpt.  rend.  xlvi.  577).  Chie  milligmmme  .:  la 
acid,  dissolved  in  a  litre  of  water,  is  sufficient  to  decolorise  the  acid  st'.  i4 
permanganate  (Jronicr).  VkHien  pennaniiunate  of  potassium  isnddi*dto  a  t:.  ..^  v  .,Ai. 
•olatlon  of  gallotunniciicid,  Ihf  colour  of  the  pernuinganntediiiappoflrsqiiickKj  li:  :   th« 
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liquid  b^eoming  yellow  and  then  colourless)  ;  more  slowly,  if  a  portion  of  the  gallotflnnic 
at^dhoji  bct^u  dt-eoiuj^«tiiic^d,  no  that  tho  mslaut  at  wUii-'h  the  latht  portion  of  tlR"  giilluteiiiiiie 
ftcid  disiftppt^ars  cannot  he  T^cogvunM  withcert^iiitj;  IDO  pis.  galluttmnic  ucid  take  up 
alKint  60  pt«.  oxygen  from  the  ptrmanganate,   (Mo h  r,  Titririni^h,  2  Aufl. BmutiBch.  621.) 

17.  GaUotiinnie  acid  reduces /crm?  aoiuiions^  piirtialiy  at  common  temperatures,  com- 
pletely  at  the  boiling  heat,  to  ferrous  solulioDS  (Wackenrodcr;  ecu  p.  76H).— 
18.  From  eupric  »alt^^  it  reduces  caprotLS  oxide ;  from  mercuric  chJoridcy  raercurous 
chloride;  from  eolutions  of  mercurotts  or  mercuric  nxide^  it  gradually  tljrowa  down 
m*:'taUic  mercury  (Wackenroder),  Carbamate  of  mhrr  is  reduced  by  gallotanmc 
acid,  even  in  the  cold.     (Schiff.  Ann.  Ch.  Pharm.  cix.  65.) 

19.  Atjueoofl  gailotiinnic  acid^  which  remains  unaltered  when  not  exposed  to  the 
air,  decomposers,  with  evolution  of  carbonic  anhydride  and  formation  of  gallic  acid — if 
it  remains  in  contact  with  the  nitrrtgenous  constituents  of  the  irjdl-nuta;  therefore,  in 
iafuHioii  of  gftila,  and  moro  quickly  in  gidl-nut8  moistened  with  water  (Robiquet, 
Pelouze).  Ellagic  acid  is  formed  at  tho  same  time  (Erdmann,  Mulder).  The 
formation  of  mould,  which  commonly  takea  place,  hai*  no  influence  on  the  transformaL- 
tion  (Winekler,  Repert  53,  401)*  The  decompositioa  takes  ^lacfl  eren  in  closed 
Tesst'lfi  (Nesenbeck,  Br.  Arch.  xxxi.  120),  and  more  quickly  in  proportion  as  the 
solation  of  tannic  acid  ia  more  dilute  (Robiquet),  The  transformation  may  be  re» 
gftrd&d  as  a  fermentation  process,  inasmuch  as  it  is  stopped  or  retarded  by  antiseptic 
enbataDces,  u  ftlcohol,  wood-vinegar,  creosote,  mercuric  oxide,  and  corrosive  fiublimat**, 
and  ^all'fiuta  freed  from  tannic  acid  excite  vinous  fermentation  in  solution  of  flURitr 
(Larocque).  Th©  pectaae  of  the  gEdl-num  is  the  ft  rment  which  excites  the  gaUous 
fermentation,  and  the  mmultancous  convereion  of  the  pectoae  into  pectin.  The  pecta.'ie 
of  galbnutH  i«  also  capable  of  converting  the  pectin  of  fruits  into  pectic  acid  ;  and  jicc- 
biiie  from  turuii»s  can  excite  the  gallons  fermentjitioo.  Gallotancic  acid  prepared  wilh 
ether,  but  not  purifled,  stiJl  contains  raflBcient  pectase  to  give  rise  to  tt»  decomposition 
whefi  dis'n?lvt d  in  watt  r.  Emubia,  yeast,  vegetable  op  animal  albumin,  and  legumia 
rt't;ird  rather  than  promote  the  gallouif  fermentation,     (Robiquet.) 

GAllotamiiites  or  ^annates,  Gallotunnie  i\cid  is  tril>ftsic,  forming  neidrdi  or 
trimttailic  mltA,  ha\4iig  the  composition  O^^II^*3I'0'' ;  likewise  at.  id  and  hutic  salts. 
All  tht-se  salts,  howcTcr,  alter  quickly  in  contact  with  the  air,  and  are  difficult  to  ob- 
pore ;  hence  but  few  of  them  have  been  analysed.  The  acid  expels  carbonic  acid 
c/^rbonates,  and  forms  precipitates  with  the  solutions  of  most  metallic  6&lts» 

^Annate  of  Aluminium^ — Hydrate  of  aluminium  shaken  up  with  aqueoua  gullo- 
tftDDtc  add,  quickly  unites  with  it,  forming  a  compound  which  is  insoltible  in  water, 
but  soluble  io  exce^  of  tannic  acid. 

Tannatt  of  Ammonium,  C^'H^'(Nn*)0"^  (?)— Carbonate  of  ammonia  added  to 
aqueous  tAunic  acid,  throws  down  a  white  precipitate,  which  changes  to  a  white  powder 
in  vaeuo  (Berzelius).  An  excess  of  earlxtnate  of  ammonia  causes  the  white  preei- 
pitato  produced  at  first  to  disappear  immediately,  and  the  liquid,  ufter  standing  for 
some  tune,  aequirea  a  red -brown  colour,  and  deposits  light  white  tloeki?  (Buchner). 
Ammonia  gas  passed  t^  saturation  into  a  solution  of  tannic  acid  in  absolnti^  itleuhol, 
throws  down  white  fiocka,  or,  if  the  solution  is  very  strong,  a  white  resin,  which  be- 
eoRiefl  friable  when  repeatedly  treatcid  with  absolute  alcohol  This  substance,  dried 
between  filtering  paper,  and  then  over  oil  of  vitriol,  forms  a  resin  hflving  a  faint  browu 
tint,  and  very  soluble  in  water.     (Buchner.) 

The  salt  dried  over  sulphuric  acid,  give*  by  analysis  51 '3  per  cent,  carbon,  45  hy- 
dnoi^n,  and  33  nitrogen,  agreeing  approximately  with  the  formula  above  given. 

Tan  note  of  Antimony  is  a  white,  gelatinouf*  sparingly  soluble  ppeeipitate,  ob- 
tained by  mixing  solution  of  tartar-emetic  with  gallotaiinic  acid.  Its  composition  le- 
sembles  that  of  the  ferric  salt,    (Pelouze*) 

Tannates  of  Barium.-^a,  B;irj'ta- water,  addt^l  to  aqueous  gallotanmc  aeid» 
throws  down  a  basic  salt  (Herzelius),  The  precipitate  dissolves  in  aqueous  gnllo- 
tannie  acid,  not  in  excess  of  baryta- wnter;  it  turns  green  when  left  to  stand,  or  washed 
in  contact  with  tlie  air,  also  if  it  has  been  prepared  with  baryta-water  not  in  excess. 

h.  When  car>x>nate  of  barium  is  added  to  aqutxjus  gjdlotannic  acid  as  long  as  v^t^r* 
Vescence  takes  place,  the  liquid  then  filtered,  and  the  liUrsite  com^otrated,  only  snndl 

Suantitiea  of  flocks  separate  on  cooltnfr,  but  ahohol  added  to  the  brown  solution  throws 
own  a  white  light  powder,  which,  after  washing  wnth  alcohol,  turns  brown  in  drying, 
c.  From  warm  aqueous  {solutions  of  alkaline  tannates,  chloride  of  barium  throws  down 
a  white  precipitate,  ffparingly  soluble  in  cold  water,  more  soluble  in  boiling  water 
(Berzelius).  The  light  flocoulent  predpitate  assumes  a  very  faint  reddish  colour 
when  washed,  and  after  drying  at  lOCPC.  coutHins  30-7  percent,  C,  28  H,  36-8  0,and 
20'7  Bn«0  (Buchner).  Streckcr  regartls  the  salt  as  a  mixture  of  tribarytic  and 
dibjirytic  I  annate. 
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Tannate  of  Cadmium, — Hot  &qiieouA  giJlatftmuc  a^dd  throw  down  froa  flii- 
Tmum-«alU  a  white  pn>cipiUite,  which  assQin^s  «  yellow-gre^n  colour  vhea  <irj, 
beoomai  &nh]rdrous  &t  l(Kr,  and  ooDtains  21'4  per  cent  CdK).  InAolufale  in  viuc 
and  ID  alcoboL      (S  c  h  i  £) 

Tannate  of  Ca/ei ttm  10  obtaued  at  «  white  procipitate,  on  mrginy  tiM  ceacn- 
tnit4^  soladozw  of  tannate  of  ammoaiuni  and  chloride  of  (^cium ;  the  predpil«k  ti 
soluble  Id  pure  water*  Whea  a  solution  of  ^allotannic  acid  is  mixed  with.  €Xcm  d 
hydrate  of  Ume,  a  neariy  inBolable  basic  talt  is  prodaced^  the  aolutiaii  retaiaiBf  adf 
traces  of  gallotanmc  acid. 

Tannate  of  CkromiHrn.  (?) — Chromie  hydrate  fonru  with  aqneovia  gaJlobaaae 
a(*id»  im  iiiHfiluble  compound,  which  ib  likewifie  precipitatod  on  mlxixig  a  aulutka  d  % 
chromic  salt  with  gallotannic  acid  (BerzcUua).  According  to  H.  Koe«,  chioaiicaihi 
arc  not  precipitatnl  by  infusion  of  grills. 

Tannait  of  C&5a/^.— Cob&lt-aalta  form  a  yeUowiah  prceipitBta  wiih  wJtimakd. 
gain, 

Tannate  of  Copper  is  precipitated  in  buU^  yellow  flocka  on  adding  g**^*^*-**** 
add  to  a  aolution  of  etrprtc  acetate.  If,  on  the  other  hand,  the  copper-salt  be  addpi 
bj  drop!  to  Bointion  of  tanntn,  a  reddish  white  precipitate  is  farmed,  oosaplet^JT 
soluble  in  ammonia.  Acoording  to  Wackenroder,  the  ammoniacal  aolation  ii  aot  pn^ 
dpitated  by  Btdphydric  acid. 

Tannatat  of  Iron, — FerroUi  TannaU  ia  a  white  gelatinoos  predpitativ  fbtwd 
on  mixing  the  concentrated  eolntiona  of  ferrooa  sulphate  and  gadlotannic  add.  D>i2tf» 
solutions  giTe  no  precipitate. 

Ffrric  Tannatr, — When  a  mirture  of  gallotanmc  acid  and  a  ferrous  lall  it  «* 
podcd  to  the  air,  the  precipitate  quickly  acquires  a  blukh^black  colour,  b«4njr  owfi»*i 
to  ferric  tannate.     Thif^  black  precipitate,  which  Ibnna  the  colourisg  maT  r  iioi 

ink,  ia  produced  immediately  on  Tuixing  a  ferric  salt  with  axeeita  o^g  ^-ul 

The  ruactioa  is  very  deli  cute,  indicating  the  presence  of  the  amallest  tr*..  «>  .**  %4tume 
acid.  If,  on  the  other  baud,  the  tannin  solntion  is  added  drop  bj  drop  to  an  exeeai  of 
the  ferric  sal t^  no  precipitate  is  formed,  the  Hqaid  not  oren  bccotning  coloajnod;  lal 
the  gallotanulc  acid  is  oiidised,  and  the  ferric  salt  reduced  to  ferrous  sjUt.  The  muma  t»* 
duction  tdk^s  place  when  the  black  precipitate  of  ferric  tannate  is  boiled  with  czefli 
of  tunnic  acid,  carbonic  acid  being  then  eTulved,  and  the  mixture  becofning  eolooif^ 
The  black  precipitate  di-ietl  in  the  air  contains  12'02  per  cent,  ferric  andiv  sfredm 
nearly  with  the  formula  C*^H"(Fc«f'0"%  which  requires  11 -92  per  cent.  Wittitda, 
on  the  other  hand,  found  tlie  quantity  of  iron  in  the  prtHnpitatc  obtained  by  aiixi:^ 
tannic  acid  with  ferric  saltJi,  yerj.'  variable  ;  the  only  way  in  which  he  obtained  a  coo- 
stant  compound  was  by  precipitating  femsus  sulphate  with  gallotamiic  add,  abd  tt- 
|K>ifing  the  precipitate  to  thfl  air. 

Tannatea  of  Lead. — These  salts  rary  in  composition  according  to  the  pfoportka* 
of  the  solutions  used  for  precipitntion  ;  the  Tarialion  extending  fj-om  3  to  10  sAoSHof 
lead  for  27  atoms  of  carbon  (Strecker)^  a^  On  mixiug  a  sol  tit  ion  of  gaUotannie  ad^i 
with  a  quantity  of  lead-acetate  not  safficierit  fi>r  complete  precipitation,  a  vhiteti*- 
cipitate  is  obtained,  which  becomes  slightly  brown  on  exposure  to  the  air.  whm 
boiled  with  wiiter,  it  loses  part  of  its  acid,  and  leaves  a  compoond  containing  S**ll 
per  cent,  lead-oxide  (Berzeliua).  This  aalt  probably  contains  C*'H'*PbH>"  (rakda* 
tion  3fl  2  per  cent,  lead-oxide.) 

Gidbtannic  acid  heated  with  lead-oxide,  gi-ros  off  4*4  per  cent,  -water,  whkh  is 
equivalent  to  the  sub^tiltition  of  3  ut,  li^ad  for  3  at  hydrogen  ;  the  salt  thoa  pwdawd 
is^  therefore,  also  the  neutral  salt,  C^''H'»Pb"0"^ 

b.  Another  tannate  of  lead  is  obtained  on  pouring  a  soltttioa  of  g^dlotaimic  soil 
into  a  boiling  solution  of  acetate  of  lead.  A  yellow^  pulTemleiit  pvcipital^  is  tbta 
formed,  which  may  be  obtained  of  constant  composition,  by  boiling  it  tbr  about  t 
quarter  of  an  hour  in  the  liquid,  in  prt'flcuce  of  excess  of  the  lead-acetate  and  frtt 
acetic  acid.  It  is  netirly  insoluble,  and  wheu  dried  at  10U°  C.  contains  i0*2  p*f 
cent.  carl»on,  I'l  hydrotjeD,  and  63  0  to  63'8  percent,  protoxide  of  lead,  aaswfffuig 
to  the  formula  C^H'"Pb>0'\3rirO,  which  retjuires  20^  C,  1*1  H.  and  63^  IVi> 
(Liebig,  Ann.  Ch.  Pharm.  xxvi,  128). — •*.  The  precipitate  tbrmed  by  adding  dihtfa 
aquiMUK  tannic  ncid  to  excess  of  lead-acetate^  if  collected  after  a  few  "'tmifni  irfilinf. 
and  dried  in  vacuo,  contains  682  per  cent.  C,  10  H,  17*1  0,  and  GJl?  Pb*0,  a&fver- 
ing  to  the  formula  2C«'H'•Pb■0^^7Pb^O  +  SH-O  (calculation.  18*0  C,  1-3  H,  16^&(K 
and  04*46  Pb'O).  When  heat*Mi  to  120*  C„  it  gives  off  its  water  (15-64  per  rcntV 
and  then  ccjutains  647  per  cent.  Pb'O,  answering  to  the  formula  2C*'H'*^  r0 

(iStrecker). — d.  When  a  lukewarm  aqueous  solution  of   gullotannic  ac.  ^a- 

tated  with  excess  of   ac*^taie    of  lead,   and  the    precipitate  washed    witn    i-inni 
water,  it  contains  2185  p^^r  cent.  C,  1"40  H,  and  62'BO  Pb*0,  agreeing  neari j  viOl 
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tho  foraula  2C»'H»»Pb"0".3Pb«0  +  3H'^0  (calculation  2511  C,  171  H,  21-09  O, 
and  6209  Pb^O).  At  120°  C.  it  gives  off  its  3  atoms  of  water,  amounting  to  2-2  jkt 
cent.     (Strecker.) 

Tannate  of  Magnesium  is  obtained  as  a  sparingly  soluble  basic  salt,  by  digest- 
ing the  aqueous  acid  with  hydrate  or  carbonate  of  magnesium ;  if  the  magnesia  is  used 
in  excess,  the  liquid  retains  only  traces  of  tannic  acid. 

Tannate s  of  Mercury* — The  mercuric  salt  is  a  brick-red  precipitate,  insoluble  in 
excess  of  mercuric  nitrate,  but  soluble  in  hydrochloric  acid,  the  solution  gradually  be- 
coming turbid,  from  formation  of  mercurous  chloride.  The  mercurous  salt  is  obtained, 
on  mixing  the  solutions  of  mercurous  nitrate  and  gallotannate  of  potassium,  as  a  yel- 
low precipitate,  which  dissolves  in  excess  of  mercurous  nitrate,  tho  solution  gradunUy 
depositing  metallic  mercury. 

Tannate  of  Nickel. — Ghreenisb  white  precipitate. 

Tannate  of  PI  a  tinum.  (?) — Tincture  of  giJls  added  to  solution  of  platinic  chloride 
throws  down  pale  yellow  flocks. 

T  annates  of  Potassium. — On  adding  alcoholic  potash  to  a  moderately  concen- 
trated alcoholic  solution  of  ^allotannic  acid,  till  red  veins  become  visible  on  the  surface 
of  the  liquid,  white  crystalline  flakes  are  produced,  which  when  washed  with  alcohol, 
pressed  and  dried,  are  converted  into  an  earthy  salt,  very  soluble  in  water,  and  con- 
taining 46*0  per  cent  C,  3-0  to  3*1  H,  and  13*2  to  13*3  K*0,  agreeing  approximately 
with  tie  formula  C"H«»K«0"  (calculation,  469  C,  28  H,  and  135  K«0). 

Another  potassium-salt,  white,  pulverulent,  and  less  soluble,  is  obtained  by  dropping 
a  moderately  concentrated  aqueous  solution  of  gallotannic  acid  into  a  solution  of  car- 
bonate of  potassium. 

Tannate  of  Silvetr. — Aqueous  gallotannic  acid  forms  a  brown  precipitate  with 
oxide  or  with  nitrate  of  silver. 

Tannate  of  Sodium,  which  appears  to  contain  C"H»Na*0"  (at  lOO^'  C),  is  ob- 
tained in  the  same  manner  as  the  corresponding  potassium-salt.  After  drying  over 
the  water-bath,  it  forms  a  light,  earthy  mass,  which,  when  suspended  in  water,  be- 
comes glutinous  like  gum-water,  and  dissolves  easily  in  a  larger  quantity  of  water.  It 
contains  on  the  average  46*6  per  cent  carbon,  3*3  hydrogen,  and  10-6  anhydrous  soda, 
the  above  formula  requiring  48*9  C,  3*0  H,  and  9  3  Na«0. 

Tannate  of  Tantalum.  (?) — Infusion  of  galls  colours  tant^ilic  acid  yellow,  and  pre- 
cipitates tantalic  anhydride  of  the  same  colour,  from  its  acid  and  alkaline  solutions. 
The  light  yellow  precipitate  is  soluble  in  alkalis.     (Rose.) 

Tannates  of  Tin.  (?) — ^Both  stannic  and  stannous  hydrate  digested  with  infusion 
of  gaUs  decolorise  it,  and  appear  to  abstract  all  the  tannic  acid.  Infusion  of  galls  pre- 
cipitates stannic  chloride,  also  stannous  salts. 

Tannate  of  Titanium.{?) — From  hydrochlorato  of  titanic  oxide  neutralised  as 
nearly  as  possible  with  ammonia,  aqueous  tannic  acid  throws  down  yellow-red  flocks 
(Pfaff).  From  acid  solutions  of  titanic  acid,  infusion  of  galls  throws  down  a  thick 
chocolate-coloured  precipitate.  Tannic  acid  colours  alkaline  moli/bdatts  deep  blood-red, 
and  on  addition  of  hydrochloric  add,  a  blood-red  precipitate  is  formed  which  dissolves 
in  a  large  quantity  of  water.    (Rose.) 

Tannate  of  Tungsten.  (?>-  Infusion  of  galls  produces  no  alteration  in  the  solution 
of  an  alkaline  tungstate,  but  acids,  added  to  the  nuxture  throw  down  a  thick  chocolate- 
coloured  precipitate.    (Rose.) 

Tannate  of  Uranium. — Tincture  of  galls  forms  with  uranic  salts  a  red-brown 
precipitate.     (Rose.) 

Tannate  of  Vanadium,  (?) — ^With  salts  of  mnadic  oxidr,  jiqueous  gallo- tannic  acid 
forms  a  bluish  inky  mixture,  which,  when  left  to  stand  quietly,  deposits  a  black  precipitate. 
With  alkaline  vanadates^  infusion  of  galls  first  gives  a  greep^then  an  inky-black  colour- 
ing ;  the  mixture  diluted  with  a  large  quantity  of  water  forms  a  clear  dark  blue  liqui«1, 
which  gradually  turns  green  in  contact  with  the  air.  The  concentrated  mixture  may 
be  used  as  an  ink,  but  changes  in  contact  with  the  air,  the  black-blue  colour  passing 
into  green.  The  writing  is  durable  and  withstands  the  action  of  hydrochloric  acid, 
of  chlorine,  or  of  alkalis,  but  is  destroyed  by  successive  treatment  with  '  chlorine  and 
alkalis  (Berzelius),  or  by  nitric  acid  (Kraut). 

Tannate  of  Zinc  is  a  white  precipitate  obtained  by  adding  an  alkaline  tannate  to 
sulphate  of  zinc. 

OA&XA.    See  Gatxnuts  (p.  762). 

CIA&&8TOVB8.  The  general  composition  of  these  concretions  in  man  and  in  tho 
ox,  as  determined  by  Dr.  Thudichum,  has  been  alreadv  stated  in  the  article  Biuaky 
Caj-culi  (i.  688).  The  same  analyst  has  recently  made  a  more  minute  examinaticij 
of  a  specimen  of  ox-gallstones,  in  which  ho  lias  found  the  following  constituents: 

Voi„  II.  8  D 
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Olycocholate  of  sodium. 

Cliolonute  of  sodiam. 

Salt  of  rcsinouB  acid  rebitod  to  the  pre- 
ceding. 

Cholic  acid,  partly  oombined  with  lime. 

Choloidic  acid. 

Cholochrome,  free  and  combined. 

TraccH  of  cholefltcrin  and  fatty  acids.  ^ 

A  new  organic  compound  soluble  in 
ether. 

A  sulphide  emitting  sulphuretted  hydro- 
gen with  acids. 

Lime  and  magnesia  as  carbonate,  phos- 


phate, and  in  combinafian  with  M»- 

chrome  and  cholie  acid. 
Chloride  of  sodium. 
Chloride  of  ammoniiim. 
A  compound  anunonim-baae. 
A  matter  having  a  TeryrepuUiTe  od/mr, 

and   another   having   toe  flaTxmr  of 

musk. 
Iron  in  the  form  of  ooide  and  jhosfbtit. 
Alumina. 
Manganese^ 
Copper,  a  trace. 
Zinc,  in  considerable  quantity. 


The  bulk  of  the  calculi  was  made  up  of  cholochrome  ;  next  in  amount  wen  tb* 
biliary  acitls  and  their  salts :  then  came  lime  and  cine  and  the  new  organic  compooBd; 
the  other  ingredients  were  present  in  small  quantity  onlj. 

The  presence  of  zinc  is  certainly  remarkable ;  its  presence  waa  inobaUj  doe  to  torn 
accidental  cause,  as  from  the  animal  having  licked  wood  coated  with  sine-paint 

For  the  method  of  analysis,  see  the  original  memoir  (Chem.  Soe.  J.  xiv.  84}^ 

aAJAVlOfao  AOZB.    See  Gallic  Aon>  (p.  760). 

OAXiVAWZSaK.     See  Elsctbictit  (p.  412). 

OA&VAJrOMBTBX.  An  instrument  for  measuring  the  force  of  a  galruie 
current.  It  is  often  applied,  however,  to  instruments  which  merely  indicate  the  prtaeut 
of  a  current  (p.  460). 

OA&VAWOP&A8TT.  Syn.  with  Electbo-metallubot  (see  Ur^s  JKeiumMrf 
of  Arts,  &c.,  ii.  88). 

OA&VAJrOBCOVB.  The  proper  name  for  instruments  which  indicate  the  fiii- 
fence  of  galvanic  currents  without  measuring  them  exactly  (p.  443). 

OABKBZK.    See  Catbchu  (I  816). 

OAJIKBOCIB  or  CAMBOOB.—  Gomtne^uttf,  Gumm^utt, — ^Thia  gum-mis 
appi^ars  to  1>e  produced  from  the  Stalagmites  cambogididfs^  a  tree  belonging  to  the^bo 
of  the  GuitiftTig,  and  growing  in  the  peninsula  of  Cambogia,  in  Siam.  From  the 
bruised  leaves  and  yellow  branches  of  this  tree,  there  flows  a  yellow  juice,  which  is  re- 
ceived in  cocoa-nut  shells  or  earthen  vesseh^  then  allowed  to  thicken,  and  afterwards 
formed  into  rolbi.  Tliis  is  the  finest  sort,  called  the  pipe  gamboge  of  8iam^  A  poitioo  u 
al^o  formed  into  round  cakeH,  either  entire,  or  having  a  hole  in  the  middle.  G«mbo|:e 
is  also  pro<luccd  in  Ceylon ;  and  an  inferior  sort  is  said  to  be  obtained  from  the  (rtf«- 
bogia  gntta^  a  tree  ^wing  wild  on  the  Malabar  coast. 

Gamboge  occurs  in  pieces  of  various  sizes,  of  a  dirty  yellowish  colour  externally,  and 
covered  with  a  yellow  powder.  When  broken,  it  exhibits  a  Titreous  or  coDchoidal 
fracture,  with  brown  or  saffron-yellow  colour.  Its  powder  is  of  a  brilliant  yellow,  anil 
forms  an  emulsion  with  water.  It  is  nearly  inodorous  at  ordinaiy  temperatures.  Int 
gives  out  a  very  peculiar  odour  when  heated.  When  simplj  taken  into  the  month,  it 
hiis  scarcely  any  perceptible  taste,  but  if  chewed  for  some  time,  it  causee  a  shaip  some- 
what acrid  feeling,  ending  in  a  sweet  sensation,  accompanied  by  dryness  in  the  moath. 
It  afterwards  excites  a  flow  of  saliva,  which  is  coloured  yellow.  It  ia  a  dnstie  pm^ 
gative. 

Gamboge  dissolves  in  alcohol,  in  resins,  and  in  ammonia.  The  anunoniacal  solution 
forms  a  red  precipitate  with  salts  of  barium^  yellow  with  einc  salts,  reddiah-yellov  with 
acetat*"  of  had,  and  brownish  yellow  with  nitrate  of  silver. 

The  following  analyses  of  gamboge  are  by  Dr.  Christison : 

Pipe-gamboge        Cake-gambogt  r*,i^  .««. 

from  sum.  from  Slam.  Ceylon  gambofe. 

Besin            .        .        742      71*6  64-3  650  688  71*5  72*9  76-5 

Gum     .                          21-8       240  207  197  207  188  19*4  18*4 

Amylaceous  matter        .     .         .     .  6*2  6'0 

Wooily  fibre 4*4  62  6*8  57  4-3  0-6 

Moisture      .         .           48         48  40  4-6  46  .     .  .     .  48 

100-8     100-4  99-6  100*6  1000  96-0  96^  Wl 

Cake  gamboge  is  not  entirely  a  natural  product,  but  a  manufactured  article. 

The  resin  contained  in  gaml)Oge  is  easily  separated  by  means  of  ether;  it  is 
hyiicinth-nul,  and  yields  a  powder  of  a  very  fine  yellow  colour.  It  poeseMca  marked 
acid  properties,  decomposing  alkaline  carbonates  at  the  boiling  heat,  and  forming  with 
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the  alkalis  red  salts,  which  may  be  separated  from  their  solutions  by  common  salt,  like 
soaps. 

According  to  Buchner^s  analysis,  the  resin  contains  72*04  pop  cent,  carbon,  7*23  hy- 
drogen, and  20*73  oxygen  (mean),  and  its  silver-salt,  18*7  per  cent,  oxide  of  silver, 
whence  Buchner  deduces  for  the  resin  the  formula  (?*•//' *0";  and  for  the  silver-salt 
the  formula  C*IP*0^,AgO.     Johnston  assigns  to  the  resin  the  formula  (?••//** 6*. 

Chlorine  turns  the  resin  white,  and  decomposes  it.  Nitric  acid  decomposes  it  at  the 
boiling  heat,  forming  oxalic  and  picric  acids. 

Gamboge  is  sometimes  used  in  medicine  as  a  purgative,  but  its  administration  re- 
quires great  caution.     Its  principal  use  is  as  a  pigment  in  water-colour  painting. 

Yellow  juices,  which,  when  inspissated,  form  a  substance  resembling  gamboge,  are 
obtained  from  several  trees  of  the  guttiferous  and  hyperieaceous  tribes.  Some  of  them 
give  good  colours,  but  less  permanent  than  that  of  real  gamboge.  An  artificial  gam- 
boge is  sometimes  manufactured  with  turmeric  and  other  materials.  This  should  be 
rejected.    (Gerh.  iv.  474. — Penny  Cyclopedia,  vi.  176.) 

OA1IC8ZOSABZTB.  (Breithaupt,  Juhresber.  1861,  p.  986.)— A  black  amphi- 
bole  from  the  timazite  (^.v.)  of  Gamsigrad  in  Servia,  where  it  occurs  in  ciystals  ex- 
hibiting the  usiud  combinations  of  hornblende.  Hardness  » 5  —  6  (on  the  ordinary 
scale,  7  on  that  of  Breithaupt);  specific  gravity  m  3*119.  It  is  velvet-black,  witli  a 
glassy  lustre,  opaque,  and  yields  a  greenish-grey  streak.  According  to  R.  Miillcr,  it 
melts  very  easily  and  quietly  before  the  blow-pipe,  to  a  greenish  black,  strongly  mag- 
netic glass.    It  is  but  slightly  attacked  by  hydrochloric  acid.    It  contains : 

Si  OS  AH  OS         FeSO        Ma«0      Mg^O        CaSO       Na>0        K^O 

46-68       13*63       12*29       6*00       8*44       8*83       3*17       100  »  99*94 

OAVOira.  The  stones  which  fill  the  cavities  forming  the  veins  of  metals,  are 
called  the  gangue  or  matrix  of  the  ore. 

OAJrOMATZTB.    Syn.  with  Chenocoprolitb  (i.  867). 

OAXAJrOSVZ.  A  product  obtained  by  treating  the  waste  madder  of  the  dye- 
houses,  which  still  contains  a  certain  quantity  of  alizarin  and  other  colouring  matters, 
with  sulphuric  acid,  to  remove  lime,  magnesia,  &c.  It  is  adapted  for  dyeing  red  and 
black,  but  does  not  afifurd  a  good  purple.     (See  Maddeb.) 

OAMJLVCTHm  The  product  obtained  by  treating  pulverised  madder,  previously 
exhausted  with  water,  with  concentrated  sulphuric  acid  at  100^  C,  and  again  washing 
with  water.  The  residue  thus  obtained,  is  found  to  yield  better  results  in  dyeing  than 
madder  itself,  the  colours  produced  by  it  being  more  brilliant,  and  requiring  less  after- 
treatment^  while  the  white  portions  of  the  fabric  remain  unsullied.   (See  Maddkb.) 

OAX8BV8TZZAXTB.    Syn.  with  Stzlbitb. 

OASCZVZA  TtUkMQOBTAMA  (Resin  of).  The  crude  resin  contains  87*9  per 
cent,  pure  resin  soluble  in  alcohol,  8*3  per  cent  gnm  soluble  in  water,  and  38  per  cent, 
insoluble  matter,  consisting  of  woody  fibre  and  earthy  substances.  The  residue  obtained 
by  eviiporating  the  alcoholic  solution  is  a  transparent  amorphous  mass,  having  a  lemon- 
yellow  colour  when  pulverised,  easily  soluble  in  alcohol  and  in  ether,  only  partially 
soluble  in  alkalis.  It  melts  at  110°  C,  and  consists  of  (y*H^O'^.  The  ammoniacal 
solution  of  the  purified  resin,  forms  with  neutral  acetate  of  lead,  an  egg-yellow,  gummy 
precipitate,  which  when  dried  at  110*^,  is  said  to  contain  5PhO.C'*H-^0^*.  The  residue 
obtained  by  evaporating  the  ammoniacal  solution  is  greenish,  melts  at  80°  C,  and 
consists  of  CIJP'O**.  The  portion  insoluble  in  ammonia  is  pale  yellow,  melts  at  116°, 
and  consist4i  of  C**H^O^.  (N.  Reitler,  Chem.  Centr.  1858,  pp.  610  and  675; 
Jahresber.  1868,  p.  449.) 

The  rind  of  the  fruit  of  this  tree  is  used  in  the  East  Indian  Islands  as  a  remedy 
against  fever;  it  contains  a  substance  called  mangos  tin  {q.v.) 

OAXlliarra.  OSAWSXF&OSA.  a  Chinese  plant,  the  pods  of  which  yield 
crocin  (p.  108.) 

OASITBT.  Grcnat,  Crranat. — This  name  comprehends  a  variety  of  minerals, 
all  cnrstallising  in  the  monometric  or  regular  system,  and  represented  by  the  general 
formula  3ArO.A/»O».20iO»  (Berzelius),  33fO.APO».3®iC;=  (Gmelin),  or  M«/;ASlO« 
(Odling);  wherein  M  =  Ca,  Mg,Fe,  or  Mn,  and  m  =  ./>,  «/,  or  ?nn.  Thus  a  variety 
of  substances  are  met  with  differing  in  composition,  but  identical  as  to  their  constitu- 
tion, known  generally  as  garnets,  but  having  each  a  distinctive  name.  AcconlinK  to 
TroUe  Wachtmeister,  all  garnets  may  be  considered  as  mixtures  of  the  followiufx  kinds 
of  garnet  in  varying  proportions.  The  names  inclosed  in  brackets  after  each  tornnila 
designate  the  varieties  of  garnet  in  which  that  particular  compound  pre<lominatcs  : 

1.  Ca'oi'SiO*     (Cinnamon-stonef  Grossu/aHa  a.nd  white garmt), 

2.  Hg^oTSiO^   (Black  garnet  from  Arenda}). 
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3.  Mn*a/^iO*  (Garnet  from  North  Amejriea  and  firom  Broddbo). 

4.  Fe'aPSiO*    (Oriental  Almandine  and  other  red  predoas  gametti). 

5.  Ca'/f^iO*     (Common  yellow,  brown  and  black  garnet ;  fSao  MtUxibX 

S'    AT^'^!2C(!'n4lC^^®  compounds  do  not  predomiiiate  in  anj  knowi  tgt- 

Pt/ropr^  wliich  coDsista  principallj  of  the  oomponnda  1,  2,  and  6,  is  cfaazacteriMd  I7 
containing  chromium,  wliich  probably  replaces  part  of  the  alnniinium. 

Gurnet  crystallises  in  rhombic  dodecanedrons  ooO  {Jig.  178)  or  trapesohedroof  20! 
(Jiff.  180),  more  frequently,  however,  in  the  combinations  00 O  .  a»Oao  (^.  201),  ui 
ooO  .  202  (fg.  206).     Clea^-age  imperfect  parallel  to  ooO.    (Kopp.) 

The  forrauhi  Ca'a/*SiO\  where  Ca  is  partly  replaced  hj  M^,  Mn,  and  Fe,  and  «?1y 
/<',  likcwiHc  belongs  to  vcsuvian,  which,  howerer,  ciystallises  in  forms  of  the  dimftiie 
system ;  hence  the  chemical  compound  represented  by  thia  formula  is  dimorpbooi 
When  groHMulariii  from  Wilui  is  melted,  it  oecomes  undisting^aiiihable,  both  phytaDf 
and  chemically,  from  fused  reKUYian  from  the  same  locality. 

Garnets  are  generally  transparent  or  translucent,  rarely  quite  opaque;  their  oolocs 
var)'fn)m  roil  or  nnl-brown  to  yellow,  white,  green,  and  black,  aoconiing  to  the  metiDie 
oxiden  wliieh  they  contain.  They  have  a  vitreous  or  resinous  lustre.  Specific  granlr 
=  316  to  4  3.     Ilardness  =»  6-6  to  7*5,  or  rather  greater  than  that  of  quartz. 

Garnet  melts  readily  before  the  blow-pipe  to  a  transpuront  glass ;  behaves  tIA 
fluxes  like  vesuvian.  The  fused  glass  has  a  lower  specific  gravity  than  puwt 
(^aniet  from  Greenland  has  a  specific  gravity  of  3*9 ;  after  fusion,  only  3-06.  Oin^ 
is  generally  not  attacked  bv  hydrochloric  acid,  unless  it  contains  a  large  proportioa  A 
lime,  and  then  only  partially;  but,  after  fusion,  it  may  bo  entirely  decomposed  It 
hydro4;hloric  acid,  with  separation  of  gelatinous  silica;  a  red  heat  is  sufiScient  fortliii 
puq>ose  wIm'u  the  garnet  is  rich  in  lime.     (Kobell.) 

Tho  following  are  analyses  of  garnets: — 1.  C.  Gmelin  (Berz.  Jahresh.  v.  224\— 
2.  Klaproth  {Bfitriigc,  v.  138).— 3.  Tr.  Wachtmeistor  (Kongl.  VettruJL  Vorh. 
1823).— 4.  Croft  (Cr.  Rosr,  Heise  nach  dem  Ural,  p.  132). — 6.  Wachtmeistrr 
{luc.  e/7.).— 6.  HiHingcr  (Scliw.  J.  xxi.  268).--7.  Kobell  {ibid.  Ixiv.  2831- 
8.  Seybert  (Sill.  Am.  J.  vi.  165).— 0.  llisinger  (Bera.  Jahresb.  iu  101 L- 
10.  Kersten  (Karst.  Arch.  f.  Min.  iv.  388).— 11.  Wachtmeister,  {Uk.  ciiX 
—  12.  Vauquelin  (J.  Phys.  1.  94).  — 13.  Damour  (Institut.  1856,  p.  1198).- 
14.   Wachtmeister  (Pogg.  Ann.  ii.  1). 


Limc-garmt. 

SiO»     Al«03     Fe^O' 

Fe«0 

Mn^O 

Mgeo    ra=0 

1.  Ce^ylon,  Cinnamon  atone 

.  38-80  21-20     6-60 

,     , 

,      , 

, 

31-26 

. 

97-75 

2.  Wilui,  Grossularia 

.  4400     8-50  1200 

,     ^ 

traco 

\ 

33-60 

^ 

981H) 

3.              »f                                    M 

.  40  65  20-10     600 

, 

0-48 

. 

34-86 

. 

10<»^ 

4.  Urals,  white    . 

.  36-86  24-19    .     . 

•      . 

.     . 

•      • 

3716 

- 

9vS^ 

Magnesia-ganu  t. 

6.  ArendiJ 

.  42-46  22-47    .    . 

9-29 

6-27 

13-48 

6-53 

- 

lOin* 

Iron-garnet  or  Almandine. 

6.  Fahlun  .         .         .         . 

.  39-66  19-66     .     . 

39-68 

1-80 

. 

. 

100-80 

7.  Hungary,  pncioua  . 

.  40-66  20-61     600 

32-70 

1-47 

.     • 

.     . 

- 

luO-W 

Manga  nrsK-garmt. 

8.  Iladdam,  Connecticut     . 

.  36-83  1806  14-93 

•     . 

30-96 

.     . 

•     . 

- 

98-79 

Iron-lime  garnt  tf 

Mi  la  n  it(\  Vgrcncite. 

9.  Westmanland 

37*66             31.36 

, 

4-70 

•     • 

26-74 

. 

1O0-84 

10.  Seh warzenberp,  yrrrn      . 

36-86     4-05  25-35 

,     , 

0-95 

• 

32-32 

^ 

99^52 

IL  Vesuvius,  hrotm     . 

,  39-93  13-45  10-95 

3-35 

1-40 

,     ^ 

31-66 

„ 

10l)-74 

12.  Frascati,  black 

34-00     6-40  26-60 

.     . 

.     . 

. 

33-00 

. 

98-90 

Chromr-garmt, 

S10«     Al«03  Cr*03  Ff«0     Mn«0     UgSQ     C««0 

13.  Bissorsk,  Ural,  Uvarowite  35-57     626  23-45 33-22    ->     9S-oO 

14.  Pgrope,  Bohemia    .         .  43*70  2240     6-52  11*48     368     6*60     6-72   —   lOOlO 

GKirnets  aro  almost  always  found  crystallised,  and  disseminat^Mi  amoni^  vari'-^na 
rocks,  es^iccially  mica-schist,  gneiss,  pegmatite,  cluy-schist,  serpentine  locka,  and  col- 
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carcous  rocks  in  the  neighboarhood  of  crystalline  deposits.  They  are  also  found  in 
trachytic,  basaltic,  and  volcanic  earths  of  recent  formation  ;  and  are  then  generally  of 
that  class  known  as  Mdanite^  which  contains  ferric  oxide  Garnet  has  also  been  found 
in  small  granular  masses,  and  sometimes  in  small  strata  in  mica-schist.     (Beudant.) 

Altfred  Forms. — Gramets  containing  ferrous  oxide,  often  become  rusty  and  disinto- 
grtited  from  oxidation  of  the  iron,  and  arc  sometimes  altered  to  red  iron  ore.  The 
lime  in  Hrae-gamets  may  be  taken  up  by  the  carbonic  acid  in  waters,  and  if  magnesia 
is  combined  with  the  carbonic  acid  (as  acid  carbonate),  it  may  take  the  place  of  the 
lime,  and  thus  give  rise  to  a  steatitic  pseudomorph,  or  to  a  chlorite,  if  the  iron  partly 
remains.     Quartz  also  occurs  with  the  form  of  garnet.     (Dana,  ii.  194.)       C.  E.  L. 

CkAJU  The  term  gas,  now  commonly  applied  to  aeriform  substances,  was  intro- 
duced about  the  middle  of  the  seventeenth  century  by  Van  Helmont ;  but  its  general 
use,  even  in  scientific  langimge,  is  of  much  more  recent  date.  Strictly  speaking,  a 
gas  is  a  substance  possessing  the  condition  of  perfect  fluid  elasticity,  and  presenting, 
under  a  constant  pressure,  a  uniform  rate  of  expansion  for  equal  increments  of 
temperature,  whereas  vapour,  which  may  be  regarded  as  corresponding  to  gas  near  a 
state  of  maximum  density,  does  not,  under  constant  pressure,  present  a  rate  of  expan- 
sion that  is  uniform  for  equal  increments  of  temperature. 

Since  the  liquefaction  of  several  gases  that  were  considered  to  bo  permanent,  haa 
been  effected,  the  distinction  between  ^as  and  vapour,  originally  established  by  Van 
Kelmont,  and  since  generally  adopted,  viz.  that  vapours  could  be  reduced  to  a  liquid  or 
solid  condition  by  increase  of  pressure  and  reduction  of  temperature,  while  gas  could 
not  be  so  altered,  is  no  longer  tenable,  or,  at  most,  it  applies  only  to  the  ordinarily  prevail- 
ing conditions  of  atmospheric  pressure  and  temperature.  Under  great  pressure,  gases 
appear  to  approximate  to  the  condition  of  vapour,  and  vapours,  at  high  temperatures, 
assume  the  characters  of  gas. 

Prior  to  the  middle  of  the  seventeenth  century,  the  substantial  nature  of  aeriform 
substances  was  almost  unknown.  It  was  considered  that  air,  like  fire,  was  an  clement 
of  extreme  subtilty,  with  a  natural  tendency  to  rise  from  the  earth.  Still  it  was  held 
that  air  contributed  to  the  formation  of  some  substances,  and  even  that  it  was  a  con- 
stituent part  of  them,  but  there  was  no  decided  opinion  as  to  the  material  nature  and 
ponderability  of  air. 

A  still  greater  vagueness  prevailed  with  regard  to  the  appreciation  of  the  chemical 
characteristics  and  functions  of  air.  It  was  known  to  be  in  some  way  necessary  for 
the  support  of  fire  and  of  animal  life  ;  but  its  influence  in  regard  to  these  phenomena 
seems  to  have  been  regarded  more  as  analogous  to  the  influence  of  light  in  vegetation 
than  of  that  nature  which  it  is  now  known  to  be. 

As  regards  the  existence  of  aeriform  substances  div«<tinct  from  atmospheric  air,  it  is 
very  doubtful  whether  anything  was  known  either  by  the  ancients  or  by  the  alchemists. 
The  suffocating  or  inflammable  nature  of  the  air  evoNed  from  the  earth  in  various 
localities  was  early  observed,  and,  under  the  terms  «///n7M5  or  y?^^/*,  aeriform  sub- 
stances produced  artificially  appear  to  be  referred  to  by  some  of  the  writers  from  the 
fourteenth  to  the  seventeenth  century.  It  seems,  however,  to  have  been  generally  con- 
sidered that  aeriform  substances,  diflfering  in  their  characters  from  atmospheric  air, 
were  not  essentially  distinct*  but  that  they  differed  from  it  only  in  consequence  of 
admixtures.  Thus,  Basil  Valentin,  describing  the  inflammable  air  and  suffocating 
air  of  mines,  says,  '  It  must  be  remembered  that  choke-damp  is  so  called  l>ecause  it  is 
not  pure  air  like  that  above  ground,  but  always  carries  with  it  something  that  is 
thicker  and  more  detrimental  to  man  than  the  air  above  ground." 

The  aeriform  substances  generated  during  chemical  oi)erations  were,  as  a  rule,  but 
little  regjirded  at  this  period.  Paracelsus  (1493-1541)  mentions  the  evolution  of  gas  in 
the  solution  of  iron  by  sulphuric  acid,  as  an  eruption  of  air,  but  without  attaching  any 
t'lgnificance  to  it.  The  knowledge  of  Libavius  (lo-?-16l6)  respecting  aeriform  sub- 
stances, appears  to  have  been  limited  to  the  inflammable  and  suffocating  gases  of 
mines. 

Van  Helmont  (1577 — 1644)  was  the  first  to  undertake  the  study  of  aeriform 
substances  whose  characters  were  different  from  those  of  atmospheric  air,  and  to  show 
that  they  could  be  produced  artificially.  He  distinguished  between  gases  and  vapours, 
as  being  respectively  permanent  and  condensable — *•  Gas  est  spiritus  non  coagulabilis.'* 
He  showed  that  the  conditions  under  which  gases  are  generated  are  chiefly  combus- 
tion, fermentation,  putrefaction,  and  the  reaction  of  acids  with  metals,  calcareous 
substances,  &c.  But,  at  the  same  time,  ho  was  far  from  having  any  true  conception 
of  the  relations  between  air,  gas,  and  vapours,  nor  did  he  arrive  at  any  knowledge  of 
the  distinctions  between  different  kinds  of  gases. 

Under  the  name  of  gas  syloestre^  and  more  rarely  gas  carbonum,  he  described  carl>onic 
acid  as  bi'ing  a  product  of  the  oomboBtion  of  ftiel,  of  fcimentation,  &c.,  and  as  existing 
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in  mineral  wat  en,  in  cayema,  and  in  the  stomachs  of  animals.  He  showed  that  it  eodd 
be  ol^tainod  from  limestone  by  means  of  acids,  that  it  would  not  mappOKt  life,  and  tiot 
it  extin^isthed  flame.  Bat  he  confounded  under  this  term  ■ererml  other  gases  quit 
(li>)tinct  from  carl>oDie  acid,  such  as  nitric  oxide,  sulphurous  acid,  &c.  Theooitf  dii- 
tinction  he  appears  to  hare  drawn  between  gases  was  between  what  he  tcmedfii 
t(/h',jftrc  and  the  inflammable  gases  produced  bj  the  destractiye  distillation  of  otgiaie 
siiIthtnnccH  and  in  putrefactive  decomposition.  Van  Helmont  also  obseiied  that  Ha 
a  li^ht  was  burnt  under  a  bell-jar  over  water,  the  air  which  remains  mfter  a  time  eitit- 
puihliofl  the  flame ;  but  he  gives  no  further  account  of  this  air,  nor  did  he  make  uij 
advance  towanls  a  knowK*agc  of  the  part  played  bj  the  atmoepheze  in  eombostkB 
and  animal  ri'spiration. 

Ill  the  early  part  of  the  seventeenth  century,  even  previooslj  to  the  demonstrtiios 
of  the  pondt-rability  of  air  by  Torricelli,  in  1643,  the  inflaence  and  ftmctias  d 
ntnKwpheric  air  began  to  attract  the  attention  of  chemists.  One  of  the  eariiett  tod 
mnst  remarkable  inquiries  into  this  subject  was  instituted  by  Jean  Bej,  a  Frmcb 
])])y<<ician,  in  consequence  of  a  communication  from  an  apothecary  named  Bran,  that 
he'had  ob!>icrved,  in  the  calcination  of  tin  and  lead,  an  augmentation  of  weight  is  tbr 
calx  obtaintKl,  wliich.he  was  unable  to  account  for.  In  1630,  Bey  published  a  trettue 
on  tliis  subject,  entitled  "Essays  sur  la  recherche  de^  la  cause,  pour  laquelle  Tctaiaft 
li>  plonib  au^mt-ntent  de  poicM,  quand  ou  les  calcine/'  which,  thongn  chiefly  of  i 
Hpetnilative  character,  distinctly  puts  forward  the  opinion  that  the  angmentatioo  of 
wtM;;ht  obs<»rved  in  tlio  calcination  of  metals  was  due  to  the  absorption  of  air.  At 
the  KJime  time,  however,  Key,  adopting  the  prevailing  opinion  of  his  period,  thil 
in«'tals  were  comi>ound  substances,  considered  that  the  absorbed  air  combined  imi 
tlie  calx  pre-existing  in  the  metal,  and  made  it  heavier  than  the  metal  from  which  it 
waH  obtaine<l,  in  the  same  way  that  sand  is  made  heavier  by  water  adhering  to  xL 
]{e  also  i)ointiKl  out  that  the  augmentation  of  weight  in  the  calcination  of  metals  to 
limited  and  definite.  "  1/  air  espaissi  s'attache  4  la  chaux,  et  ra  adh^nt  pen  s  p« 
aux  plus  minces  de  ses  parties;  ainsi  son  poids  augmente  dn  commencement  jns'qn i 
la  fin.  Mais  quand  tout  est  affubU,  elle  n*en  scaurait  prendre  daTantage."  This 
essay  of  Key's  was  the  first  attempt  to  elucidate  a  phenomenon  which,  nearly  a  ceoturr 
anda  half  later,  served  as  the  key  to  a  knowledge  of  gaseous  substances,  and  furnished 
the  basis  of  tlie  present  system  of  chemieal  science.  It  attracted,  however,  but  httk 
att<*ntion,  an<l  did  not  lead  to  any  experimental  investigation  of  the  subject.  M«m- 
M-liile  the  facts  of  the  augmentation  of  weight  in  the  calcination  of  metals,  of  tbf 
nrcj'ssiry  of  air  for  respiration  and  combustion,  of  its  alteration  by  those  processes. 
and.  at  a  later  perio<l,  the  fact  of  the  abson;)tion  of  air  in  the  calcination  of  metals, 
though  perfectly  well  known  aud  established,  floated  through  the  chemistiy  of  tkr 
intervening  period,  unexplained  and  unappreciated,  much  as  the  facta  of  isomerism. 
allot  n)py,  and  catalysis  remain,  amidst  the  chemistiy  of  the  present  day,  without 
explanation  or  apparent  connection  with  other  facts. 

Jiut  though  the  tendency  of  chemical  investigation  prior  to  the  latter  part  of  the 
<>ighteenth  century,  did  not  lead  to  the  experimental  study  of  these  important  phenomena 
in  any  degree  commensurate  with  their  actual  value,  their  consideration  in  a  mon> 
speculative  manner  was  not  neglected,  nor  was  it  without  useful  results.  The  dirwt 
htudy  of  aeriform  substances  was  also  prosecuted  with  some  success.  The  inflamma- 
bility of  the  air  produced  by  the  reaction  of  iron  with  dilute  sulphuric  acid,  was  made 
known  by  Turquet  deMayerne,  in  1660,  which  may  beregaraed  as  the  date  of  the 
rcco|inition  of  hydrogen  as  a  distinct  substance. 

In  1G65  Ilooke  propoundetl  in  his  "  Micrographia "  a  theory  of  combustion,  which 
was  (h'sijjjntMl  to  afford  an  explanation  of  the  necessity  for  the  presence  of  air  for  it* 
sii))(Mirt.  He  considered  that  atmospheric  air  contained  a  substance  analogous  to.  if 
not  identical  with  that  fixed  in  nitre,  and  possessing  the  property  of  dissolving  all 
i-.)inl»ustil»le  substances,  provided  their  temperature  was  raised  sufllcientlv  high.  This 
dilution  he  sup|K)Hed  to  take  place  with  such  violence,  that  fire  was  produced,  which 
in  his  opinion  was  simply  a  phenomenon  of  motion.  The  product  of  this  solution 
nii^ht  be  aeriform,  liquul,  or  solid.  Combustion  in  a  limited  quantity  of  air  was  cod- 
sitl.red  by  him  to  cease,  in  consequence  of  the  solvent  becoming  saturated  with  tie 
eoinbustihle  substance,  and  could  bo  revived  only  by  a  fresh  supply  of  air.  The  con- 
stituent of  air  which  he  regarded  as  thus  taking  part  in  combustion,  existed  ins 
highly  fixed  condition  in  nitre,  so  that  a  given  bulk  of  nitre  contained  incomparably 
more  of  it  than  an  equal  bulk  of  air.  lliwke's  riews  were,  however,  put  forward  in 
such  general  terms  as  to  be  destitute  of  any  scientific  value,  and  are  of  interest  rjither 
as  showing  the  absence,  at  that  peritnl,  of  true  principles  of  chemical  investigation, 
which  might  have  led  to  discoveries  of  the  highest  importance,  had  they  been  applieii 
undtTthe  influence  of  opinions  whielu  in  their  general  tendency,  were  so  much  allied 
to  the  more  advanced  knowledge  of  the  present. 
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Hooke*8  yiewB  were  subsequently  dereloped  by  May  one  in  his  *'  Tractatus  de  sal- 
nitro  et  spiritu  nitro-aereo,  published  in  1669.  His  apiritus  nitro^ereus,  existing 
both  in  air  and  in  nitre,  was  the  solvent  which  Hooke  had  assumed  to  be  active  in 
combustion.  A  similar  theory  was  also  propounded  in  reference  to  respiration  and 
animal  heat  by  Willis,  in  his  *' Exercitatio  de  Sanguinis  incalescentia  sive  accen- 
sione,"  published  in  1671,  with  the  difference  that  he  regarded  combustion  as  consist- 
ing, not  only  in  the  reaction  of  the  combustible  with  a  constituent  of  atmospheric  air, 
but  also  in  the  simultaneous  elimination  of  a  combustible  principle  from  the  former. 

Far  more  in  accordance  with  the  spirit  of  experimental  investigation  were  the  labours 
of  Boyle,  with  regard  to  aeriform  substances,  and  the  related  phenomena  of  combus- 
tion, respiration,  &c  In  his  "  Continuation  of  new  experiments  physico-mechanical, 
touching  the  spring  and  weight  of  air  and  their  effects,  wherein  are  contained  divers 
experiments,  made  both  in  compressed  and  also  in  factitious  air,"  &;c.,  published  in  1680, 
he  showed  that  air  could  be  produced  artificially,  and  he  was  the  first  to  collect  the  air 
thus  produced,  without  mixture  with  atmospheric  air.  His  examination  of  &ctitious 
air  was,  however,  more  physical  than  chemical  In  his  "  Tract  containing  suspicions 
about  some  hidden  qualities  of  the  air"  (1674),  and  in  his  "  General  history  of  the 
air  "  (1692),  he  frequently  refers  to  the  alteration  of  air  in  combustion,  but  his  conclu- 
sions are  more  guarded  than  those  of  his  predecessors.  He  was  satisfied  that,  by  respi- 
ration and  by  combustion,  something  was  abstracted  from  the  air,  but  he  defines  this 
only  as  "  some  vital  substance  diffused  through  the  air,  whether  it  be  a  volatile  nitre, 
or  (rather)  some  yet  anonymous  substance,  sidereal  or  subterraneal ; "  and  referring  to 
the  views  of  Hooke  and  Mayow,  he  says,  "  though  I  agree  with  them  in  thinking  that 
the  air  is  in  many  places  impregnated  with  corpuscles  of  a  nitrous  nature,  yet,  I  con- 
fess, that  I  have  not  been  hitherto  convinced  of  all  that  is  wont  to  be  delivered  about 
the  plenty  and  quality  of  the  nitre  in  the  air ;  for  I  have  not  found  that  those  that 
build  so  much  upon  this  volatile  nitre  have  made  out,  by  any  competent  experiment^ 
that  there  is  such  a  volatile  nitre  abounding  in  the  air." 

In  reference  to  combustion,  and  the  calcination  of  metals,  Boyle  opposed  the  pre- 
vailing opinion  that  calcination  was  due  to  the  separation  of  moisture  or  son^c  other 
constituent  of  the  metal  calcined.  The  increased  weight  of  the  calx  he  ascribed  to 
the  combination  of  ponderable  heat-substance,  and  this  preconceived  opinion  led  him 
to  disregard  many  of  his  most  important  observations.  In  the  course  of  his  experi- 
ments, he  clearly  showed  that  in  calcination,  air  is  absorbed;  but  he  made  no  attempt 
to  connect  this  fact  with  the  augmentation  of  weight.  He  heated  tin  and  lead  in 
sealed  retorts  containing  air,  and  found  that,  after  maintaining  the  heat  for  a  consider- 
able time,  on  opening  the  retort,  air  rushed  in  to  supply  the  place  of  what  had  been 
absorbed  by  the  metal.  But  he  regarded  this  merely  as  a  proof  that  the  retorts  had 
been  hermetically  closed.  Nor  did  Boyle  arrive  at  any  knowledge  of  the  mode  in 
which  air  took  part  in,  and  was  essential  to  combustion,  though  he  showed,  in  his 
"  New  experiments  touching  the  relation  betwixt  fiame  and  air"  (1672^  that  in  a 
vacuum  combustion  could  not  take  place,  and  that  lead  was  converted  into  a  calx  only 
when  in  contact  with  air. 

Simultaneously  with  Boyle,  a  similar  explanation  of  the  increase  of  weight  in  the 
calcination  of  metals  was  given  by  N.  Lcmery.  In  his  "  Cours  de  chymie  "  (1675), 
he  says,  "  although  by  the  action  of  fire,  some  sulphurous  or  volatile  portions  of  lead 
are  separated  which  ought  to  diminish  the  weight,  nevertheless,  after  a  long  calcina- 
tion, it  is  found  that,  in  place  of  weighing  less,  as  it  should  do,  it  weighs  more ;  "  and 
he  ascribes  this  fact  to  the  penetration  of  the  fire-corpuscles  into  the  pores  of  the 
lead. 

In  this  respect,  the  views  of  Becher,  Boyle,  and  N.  Lemeiy,  as  to  the  increase  of 
weight  in  calcination  of  metals,  were  identical;  they  were  also  accepted  by  the  m^joritr 
of  chemists  at  the  time,  and  were  retained  up  to  the  commencement  of  the  eighteenth 
century. 

One  of  the  earliest  objectors  to  the  opinion  that  glass  vessels  were  permeable  by 
the  fire-corpuscles,  as  assumed  by  Boyle,  was  C h er ub in  D* Orleans,  Capucin  of  the 
province  of  Tourraine,  who  in  1679  published  a  dissertation  "  Sur  rimp6nctrabilit^  du 
verre,  ....  sur  la  cause  de  Tangmentation  du  poids  de  I'Etain  et  du  Plomb  par  la  cal- 
cination." Referring  to  Boyle's  experiment  with  lead  in  a  sealed  retort,  he  says,  "  these 
chemical  observations  do  not  at  all  convince  me ;  they  rather  prove  the  impermeability 

of  the  glass  than  its  permeability For  to  show  the  alleged  permeability  of 

glass  by  that  experiment,  he  should,  before  opening  the  retort,  have  weighed  it  to- 
gether with  its  contents ;  then  having  exactly  ascertained  the  weight,  he  should  have 
weighed  it  again  with  its  contents,  after  having  opened  it,  in  order  to  ascertain  whether 
the  external  air,  which  he  says  rmshed  in  with  noise  when  the  retort  was  opened,  did 
not  cause  an  alteratioii  of  the  viiffht  that  had  been  observed  before  opening  the  re- 
tort ;  .  .  .     without  dimb*  mi  bare  found  that  the  retort  weighed  moro 


776 


GAS. 


--sfatli^  t%- 


tificr  it  wa<  opened  thftu  it  4id  bpfbre*'*     This  mticistn  of  Bojle^s   picrri-TmpTst  tr! 

concltL^ioQ  noway  afftctB  the  main  object  he  had  in  riew,  viz,  to   estaV 

tion  of  nir  in  the  cnleinntion  of  raetiils  ;  but  it  is  highly  iot^reetiu^  n- 

the  lowing  8im<*e  of  the  importance  of  quftatifntire  obi^prmfiotifl  in  chf^tr.  icw  lurr-r- 

gation,  nnd  mort'  <^np<TiaUy  ^ince  the  doficifncy  pointM  out  in  Boy"li»'fi  expcriiiicot  •!* 

precisely  that  which,  wh<u  «ubseqttently  imppluHi  b^  L^v.^i^i.  r   .^outributcd  to  ha^f 

to  the  e^tabbHhment  of  correct  viewR  of  the  cttlcimition  .  . 

About  the  cHmimencement  of  the  I8tb  century,  the  b*  i  lo  pandetable  i 

of  hetit  became  eooHiderably  fthaken,  and  with  its  abaiidouuiejit,  lh<*  prerioitti 
tion  of  thf  inpr^-astHi  weight  of  met&lHc  calces  f«sU  to  the  grotintl.  Those  cbemiflU*^ 
iiotioHl  it  ut  ttll,  put  forward  variotia  hypotheses  to  nccount  for  it ;  name  iieigixdidka 
accident al,  and  Stahl  di»n*ganl«l  it  altogether,  as  quite  uuimporfAiit- 

The  next  atf-p  of  any  importance  in  the  chemical  hiitory  of  ac^rifomt 
WHS  mude  by  HaloB,  who  pnbUi^hed  in  1727  his  "  Vegetablr  Staticks;  . 
Hpcfimi'n  of  an  att*?mpt  to  analyse  the  air,  by  a  grewt  variety  of  chenti- 
f»eriment»."  Hi^  investigation  of  this  suV^ject  was  distingiiishfHl  from  t ' 
deoessors,  eJiiefly  by  his  adopting  a  qiiantititt  ive  method,  and  by  hin  emp] 
appATtituti  for  preparing  and  collecting  gaaes.  Hftles  was  the  first  lo  u»e  ixn  Afo^AU<« 
which  WJiJi  the  germ  of  the  pneumalic  tjwigh  now  employed.  A  globular  veapd,  SJM 
with  water,  and  inTetlc*«I  with  its  mouth  under  the  snrfHco  of  water  in  n  laij^patti 
aervni  fur  tiu*  cijllwtifm  of  ihe  gft%  which  was  generated  in  a  retort,  writli  a  Id^M^ 
cxteiuliu^  ttp  into  the  glrjbular  re«8tJ  serving  ii«  a  receiver.  The  Tarioiw  Mtiibrn 
Biibi!4t«ince«i  he  oblAintnl,  were  examined  oidy  as  to  their  inflttinmabilitj,  or  their  po«^*f 
of  supi>ortiug  combmtion.  He  first  olwene*!  the  diminution  of  Tolnmi^  of  »ti»(> 
•phcncair,  when  inix(*d  with  nitric  oxide,  which  afterwards,  in  the  hand^  of  CaTrodiiKj 
and  Priejjitley  afftjrded,  such  important  reault* ;  but  generally,  Hal^  fxperimrciA 
contributed  little  to  the  existing  knowledge  of  aeriform  suljstAne«s,  and  h^  appcan  t-^ 
havi^  regnrded  the  diffin'nt  HubetJincea  of  this  kiud  which  be  obtained,  hm  meprmoiifi- 
catloai*  of  aluio^phmc  air.  Wm  own  conclusion  from  the^e  **  expertmenti  u|i»,  K  ^Kv 
in  how  great  pmportiou  air  is  wrought  into  the  composition  of  aninml^  ^  j-i 

ininend  aubstAUCes,  and  wilhal,  liow  readily  it  rcwimes  its  elastic  st-iit-  - 

ditusNjlution  of  those  substance?*,  it  is  disengaged  from  them/'  wsw  in  rhe  (alU^vn^ 
word**:  "Since,  then,  air  is  found  m  manifestly  to  abound  in  almost  all  n.^tttml  hrjiii*!*; 
since  we  find  it  so  operative  and  active  a  ftrinciple  in  every  cheniical    oj  ^ 

ila  I'onfititueiit  parts  arc  of  m  dumble  a  nature,  that  the  most  ^-ioleut  ai  r 

ferment  a  ti<m  cannot  induce  nach  an  iilienUion  of  its  texture,  a*  thereby  tc  .,,^|..-..-4viJ 
from  resuming,  either  by  mennn  of  fire  or  f*?nnentation,  its  furmer  elastic  state*:  ontK* 
in  the  case  of  vitrification,  whi*n,  with  the  vegetable  salt  and  nifrt*  in  whidl  11  if  i»* 
cor[>ora1ed,  it  may  perhap",  some  of  it,  with  other  chemiciil  principles,  b©  inilWttaUj 
fixetl ;  since,  then,  this  is  the  casj*,  may  we  not  witJi  good  reason  adopt  thia  now  Ivd 
now  volatile  I'roteuf',  among  the  chemical  pnncip!es.  and  that  a  very  uct  ire  one,  K«in^ 
as  acid  sulphur,  not  withstanding  it  has  hitherto  been  overlooked  and  rejected  by  dbe> 
njiFts  as  MO  way  entitled  to  that  denomination  ?  " 

Hales'  main  result,  thertfore,  like  many  more  of  the  results  of  scientific  lalnim it 
thnt  periwig  consisted  mora  in  the  proposition  of  a  problem  than  in  its  smbin-^n  (M*rk«r 
wholly  or  in  part ;  and  in  this  lights  the  general  conclusion  at  which  I  it 

the  merit  of  being  the  first  comprchenKive  indication  of  an  im[jorta,nt  aii  h 

of  research,  which  l>efore  his  time  had  been  little  pursued,  but  soon  aft^rw^uxj^  U.<aifi« 
the  means  of  entirely  remodelling  chemical  science. 

Of  the  writers,   contemporaneous  with  and    imm^Mliately  f  ^^   —'         "T  *        '•    ' 
need  be  said,  as  their  treatmenl  of  the  subj'M^ts  of  aeriform  sub 

woB   morttly  ttrgiunrntntive  and  prolix  rather  thjin  cxperimenL-,      . 

thing  to  the  existing  state  of  knowledge.     Thns,  for  instance,  a  Icn^  of 

Jioerhaavc's  "El.imcnta  ChcmiEe/*  1732,  was  devoted  to  criticisms  ot  otj 

f'peeulatiuns  as  to  the  nMlnrc  of  air  as  an  elemenL  But  by  this  timei  the  ^fm  wUUvt 
vehi  of  chemii^  study  had  pretty  well  run  out;  the  eatabh'shment  of  the  phtcigi^tie 
theory  served  to  give  a  mnre  systematic  and  comprehensive  character  to  tlie  ■cteun'^i 
41  nd  admitted  of  its  Iwing  ctdti rated  in  a  manner  more  calculated  to  Siccuw?  pTOgnioi 
Ihau  the  desultory  inquiries  hitherto  undertaken,  under  the  inlluence  eiUMT  of 
alehemisttc  or  of  metaphyt^ical  doctrioesv 

Chief  among  the  achievementa  of  this  epoch  was  the  investigation  of  the  diflk««i«» 
between  cau^tiL*  and  tnild  alkalis  by  Black,  and  the  eonseouent  demonstration  fifth* 
eitisrence  of  earlMjnie  acid  gus,  or  as  he  termed  it,  fixed  air,  this  biding  the  first  instaooi 
of  a  gas  being  pn>v<»d  to  l»e  e^Kcntiully  distinct  from  atn^      '  r. 

Tills  invest igatiun  is,  pr  rhip*,  the  most  remiirkable  in  r  -toiy  of  chexnLsttj, 

wh«'ther  it  be  considered  in  regard  to  its  special  character,  >..  ..>  ., .  nabaequetit  infiumf* 
tm  the  dcndopment  of  llw*  4fcienc*%    Undertaken,  in  the  first  iii*tanoc,  nictrlv  to  fnmirh 
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Bnbjcct-matter  for  a  medical  thesis,  it  nevertheless  stands  out  far  above  any  other 
chemical  research  of  that  op  any  previous  period :  pre-eminent  in  its  completeness  and 
accuracy,  it  served  as  the  inauguration  of  pneumatic  chemistry,  as  the  first  decided  st«p 
in  that  path  of  research  which  had  been  suggested  by  Hales,  and  as  the  corner-stone  of 
modern  chemistry. 

Having,  in  the  first  instance,  ascertained  that  caustic  lime,  exposed  for  some  time  to 
the  atmosphere,  became  heavier,  at  the  same  time  that  it  lost  its  causticity,  instead  of 
becoming  lighter,  as  might  have  been  expected  if  that  change  were  really  due  to  tho 
escape  of  a  ponderable  heat-substance,  Black  perceived  in  this  fact  sufficient  ground  for 
rejecting  the  received  doctrine  of  ponderable  caloric.  He  next  ascertained  that  the  loss 
of  causticity  and  the  increase  of  weight  were  accompanied  by  a  considerable  absorption 
of  air.  On  extending  his  observations  to  magnesia,  he  found  that  it  eflfervesced  with 
acids,  that  it  lost  weight  by  ignition,  and  then  no  longer  effervesced  with  acids,  though 
it  still  yielded  the  same  salts  with  acids,  as  the  magnesia  that  had  not  been  ignited. 
He  then  sought  to  ascertain  what  was  separated  from  magnesia  by  ignition,  causing 
the  loss  of  weight ;  and,  with  that  view,  heated  a  weighed  quantity  in  a  retort  Some 
water  was  thus  obtained,  but  not  sufficient  to  account  for  the  whole  loss  of  weight  by 
the  magnesia.  This  led  him  to  suspect  that  air  was  disengaged  from  the  magnesia  by 
ignition ;  and  to  determine  this  point,  he  dissolved  a  known  quantity  of  ignited  magnesia 
in  sulphuric  acid,  then  precipitated  it  by  means  of  a  mild  alkali  (carbonate  of  potash), 
and  found  that  it  had  increased  in  weight  as  much  as  the  magnesia  had  lost  in  weight 
by  ignition,  and  that  it  had  recovered  all  the  qualities  which  the  magnesia  lost  by 
ignition.  Hence  he  concluded  that  the  loss  of  weight  and  alteration  of  qualities  pre- 
sented by  magnesia  on  ignition,  were  due  to  the  separation  of  air,  and  that  the 
restitution  of  those  qualities,  and  the  increase  of  weight,  when  ignited  magnesia  was 
dissolved  by  acid  and  precipitated  by  a  mild  alkali,  were  due  to  its  recovering  from 
the  alkali  the  air  that  had  been  expelled  by  ignition :  in  this  latter  conclusion  he  was 
guidcKl  by  Hales's  observation,  that  fixed  alkali  contained  abundance  of  air.  His 
own  statement  of  these  conclusions  is  very  simple  and  clear.  "Quid  ergo  magnesia 
hoc  experimento  amisit,  quid  demum  recuperavit,  quod,  quum  adesset,  tam  multas 
qualitates  dabat,  cum  abesset,  tollebat  ?  Aerem  forto  :  experimenti  enim  vigesimi 
consideratione,  verisimile  admodum  videtur,  ponderis,  ustione  amissi,  part(;m  maximam 
aere  evanido  constare :  et  hoc  quidem  coroboratur,  quod  aerem  nullam,  post  ustionem, 
in  acido  iiyecta  emittat.  Nonne  etiam  verisimile,  aerem  iterum  magnesise  ab  alkali 
restitui,  quo  tempore  illam  hoc  de  acido  depellebat :  alkali  fixum  aere  certe  abundare, 
ex  ingeniosi  Hales  experimentis  constat,  cujus  quidem  magnam  vim  eructat,  ubi  acido 
puro  conjungitiir ;  hac  occasione,  quamvis  non  puro,  acido  tamen  certe  conjungitur,  et 
sal  etiam  mSius  ex  horum  conjunctione  fit,  copii,  dotibus,  omni  denique  modo  idem,  ac 
si  acidum  purum  additum  fuisset ;  sed  neque  tamen  vel  minimimi  aeris  erumpit ;  nonne 
igitur  ex  alkali  ab  acido  excutitur,  et  magnesia  sese  unit  aer?" — Dissert,  med.  inaitg.  de 
Humore  acido  a  cibis  arto,  et  magnesia  cUba,  1754,  p.  37. 

Black  then  examined  the  air  evolved  from  magnesia  and  alkalis  by  means  of  acids, 
and  found  that  it  was  identical  with  that  given  off  in  fermentation.  Ho  gave  it  the 
name  of  fixed  air,  and  explained  the  difference  between  caustic  and  mild  alkalis  and 
alkaline  earths  as  being  due  to  the  presence  or  absence  of  this  substance.  He  showed 
that  fixed  air  was  essentially  distinct  from  atmospheric  air,  in  regard  to  its  chemical 
character,  and  in  reptird  to  respiration  and  combustion ;  that  it  was  produced  by  tho  com- 
bustion of  fuel  and  by  respiration,  its  chief  characteristic  being  the  power  of  combining 
with  caustic  alkalis,  and  to  some  extent  neutralising  them  after  the  manner  of  an  acid. 

In  his  inaugural  dissertation,  published  in  1764,  he  also  suggested  that  the  explosion 
of  fulminating  gold  might  be  due  to  its  containing  air  in  a  fixed  state,  and  that  tho 
increase  of  weight  observed  when  metals  were  dissolved  by  an  acid  and  then  precipi- 
tated by  an  alkali,  might  also  bo  due  to  air  furnished  by  the  alkali. 

Shortly  afterwards  Macbride  published  his  Experimental  Essays  (17G4),  in  which 
he  gave  the  results  of  a  more  minute  examination  of  the  conditions  under  which  fiixed 
air  or  carbonic  acid  is  produced  in  fermentation,  putrefaction,  &c. 

Pneumatic  chemistry  received  a  further  important  development  at  tho  hands  of 
Cavendish,  who  published  in  1766  his  "Experiments  on  Factitious  Air"  in  which  he 
gave  the  results  of  his  examination  of  fixed  air  (carbonic  acid)  and  infiammable  air 
(hydrogen),  describing  their  physical  and  chemical  characters,  mode  of  preparation,  and 
the  apparatus  by  which  they  were  to  be  submitted  to  experiment  He  sliowwlthat  hydro- 
gen, mixed  with  variou.M  j>roportions  of  atmospheric  air,  exploded  with  different  degrees  of 
violence ;  that  equal  weights  of  different  metals  gave  different  quantities  of  hydrogen  with 
dilute  sulphuric  acid ;  that  the  concentratod  acid  did  not  furnish  hydro^<n  with  metals, 
and  that  when  they  wen*  heated  with  it,  another  gas  (sulphurous  acid)  was  evolved. 

Fixed  air  (carbonic  acid)  was  shown  by  Cavendish  to  precipitate  lime  and  magnesia 
from  their  solution  in  water,  and  again  to  redissolve  these  precipitates;  he  connected 
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with  till!  fiiot  the  predpitntion  of  earthT  earbonatea  from  water  wh^i  boiled,  ni 
Bbowed  that  potAsh  combLneU  with  &xed  nir,  prodojcing  a  more  easUj  ctyitBDiaftli 
piilt     He  alao  mude  Rome  advance  towards  tho  determiiiatioii  of  the  qtuuititilifv  a«- 

poeition  of  the  eftrthj  and  alkaline  carbonat^'R. 

In  1769,  Lano  showed  that  chalybeat4>  water  contmitied  6xed  air  as  the  solfCiit  U 
the  iron;  in  1771,  Priestley  obaerred  that  fixjed  air  kept  in  contact  with  grovij^ 
plants,  acquired  the  capal^iUty  of  enpporung  oombnfftion  and  reopiratioii,  and  tha 
this  change  was  effedcd  only  in  daylight;  in  1774,  Bergmano  pabli^b«d  a  1ob| 
memoir  on  carbonic  acid«  under  the  name  of  Acidum  aireum^  ahowin^  ita  eadfttoc*  n 
the  atmofiphere,  ^at  in  it«  chemical  functions  it  poaseflsed  the  ek^smct^M  of  an  add,  lai 
in  short,  aetelepin^  more  minutt^ly  many  of  thu  dc^tails  of  its  historj,  which  had  b«c9 
preTionsl?  more  or  less  incompletely  mude  known.  LaToisie  r^s  d(*s4?ri  prion  43f  this  ^ 
published  in  his  Opuscules  Physiques  et  Chymiquis  (1774),  was  alinply  a  conHnnatMa 
of  Black's  experiments. 

Shortly  before  this  time  (1772),  a  Tery  important  discOTcry  with  regard  to  the  eoa* 
stitutioo  of  the  atmosphere  was  made  by  Kutherford,  who  showed  that)  in  respin- 
tion,  flir  was  not^  aa  Jaalaa  had  supposed,  rendered  unfit  for  supportiu^  combuatioii  or 
respiration,  by  being  impregnated  with  admixtures,  but  that  it  natui^Jy  coctatoi^dA 
aubstance  (nitrogen)  which  was  incapable  of  supporting  combustion  or  restpimlioii.    Em 
obtained  nitrogen  by  abeorbiEig  the  carbonic  acid  from  air  which  amtnals  had  hreath^i 
and  showed  that  it  flztinguiahed  £amo  and  was  sufiboatin^.  In  the  same  jear^  the  ealdst^ 
tion  of  metals  sgaio  became  the  subject  of  inquiry  by  Priestley  and  LaTotsler.  Tbs 
former  referred,  in  his  *'  ObBcrralions  on  different  kinds  of  Air,'*  to  the  absoriitiiff  ci 
air  when  lead  or  tin  was  calcined  in  clo«ed  Teasels ;  but,  under  the  influence  of  tht 
phlogistic  theoTy^  he  failed  to  connect  this  fact  with  the  augmentation  of  weigbt  of  t^ 
calces,    Lavoiaier,  in  the  same  year,  commTuucated  to  the  Acad^mie,  aa  the  n«oit  of 
his  experiments,  his  opinion,  that  in  the  calcination  of  metals,  as  well  as  in  the  ccis* 
bnstion  of  phoHphorusi  and  emlphur,  the  increase  of  weight  that  took  place  was  dat 
to  the  absorption  of  air,  which  was  again  liberated  in  the  gaaeous  state  whoo  tnetallif 
calces  were  reduced.     In  1774|  he  made  known  the  experiments  upon  irhieb  thi» 
o^jinion  was  based.     One  was  essentially  a  repetition  of  Boyle's  experiment  wiih  leai; 
but  Lavoisier  determined  the  weight  of  the  retort  and  its  contents  before  opening  it, 
and  thus  ascertained  how  mnch  air  entered  the  retort  when  it  was  opened.    Tlaa 
quantity  was  found  to  be  exactly  as  much  as  the  increase  of  weight  in  th«  ^Ir*"*^ 
metal     In  the  same  work  (OpuactdeM),  LaToisier  also  showed  that  the  augmcotatioa 
of  weight  taking  place  when  mercury  or  iron  was  dissolved  by  acids  and  pireei|ittat«d 
by  litne,  was  prol)ably  duo  to  the  combination  of  the  metals  with  a  gas  dezirad  fr^na 
t  b«  precipitant^  and  although  the  exfveri merits  on  which  he  based  this  condasiofli  wwm 
mixed  up  with  the   production  of  metallic  oirbonat^,  as  well  as  mere  oxidtt^  ths 
evidence  thi*y  fiimifhed  of  the  part  played  by  gaseous  substances  in  chemical  ehaag«s 
w;i8  not  less  important  than  if  th^y  had  rff^rred  only  Lo  the  production  of  true  calas 
or  oxides  in  the  wet  way*   These  experimpnts  were,  both  in  tlieir  form  and  significaat^ 
tin   exact  extension  of  thoi*e  by  wliich  Black  arrived  at  a  knowledge  of  tho  eheniital 
tmtnre  of  alkalis  and  their  earbonatea. 

In  the  same  year,  Bay  en  show*^  that  oxide  of  mercury  was  decomposed  by  bsit« 
without  any  a<Mition  of  phlogistic  isulistance,  that  a  gas  was  evolved  m  the  procci^ 
and  that  the  reduced  mercury  weighed  less  than  the  oxide  from  which  it  was  obtoiaed. 
To  Fri  estley,  however,  belongs  the  honour  of  tbediscovei^  of  oxygen,  and  of 
ing  its  distinct  nature,  in  August  1774.  He  had,  indeed^  obtained  it  in  1771 
nitre,  as  Hales  had  obtained  it  in  1727  from  rod  Icad^bnt  in  both  cases  its  true  ant 
does  not  apt^+^ar  lo  hiive  been  noticed.  It  is,  however,  more  qnestionahlc  to  whoQ 
to  be  ascribed  the  or«dit  of  having  first  arrived  at  the  conclusion  thai  the 
which  I'ricstley  obtained  from  oxide  of  morcury  and  &om  red  lead,  was  that  gMeoos 
constitueat  of  the  atmosphere  which  was  nctive  in  the  phenomena  of  combustion,  taA- 
eination  of  metals,  and  respiration.  It  is  at  least  certain  that  Priestley  eoinmunieated 
to  Lavoisier  his  discovery  of  oxygen  very  shortly  after  making  it ;  but  coiwid^'f- 
ing  how  much  further  advanced  Liivoisier  was  at  that  time,  in  true  appreciation  *)f 
the  phtsnomma  with  which  this  giiH  was  so  closely  connect  id,  than  Priestley  was,  thrr*^ 
Bwms  but  narnjw  ground  for  imputing  to  Lavoisier  unfairness  towards  Ptiestley  in 
claiming  to  be,  jointly  with  him,  a  discoverer  of  oxygen. 

In  Noirember,  1774,  Lavoisier,  in  his  memoir  **Snr  la  calcination  de  F^tafn  dass  lis 
raisseaux  f<^nn^*,"  first  put  forward  the  opinion  that  atmospheric  air  coneifitod  of 
gases,  but  he  did   not  express  any  decided  view  with  rvgurd  to  the  nature  ot  Ihi 
gases,   except   thiit  one  was  capable  of  supporting  combustion  and  i 
the  other  could  not.     It  was  not  until  Ihe  end  of  1775,  in  his  mom  n,, 

dii  principe  qui  ne  t^mbiue  avec  lee  niotaux  pendant  leur  ealciuatioti,     ;    i,^,,,,-..f 

slated  his  conclusion  that  the  gas  obtained  fiom  oxide  of  mercury  by  heat,  was  the 
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same  as  the  constituent  of  atmospheric  air  which  supported  combustion  and  respira* 
tion,  and  combined  with  metals  in  calcination.  In  this  memoir,  he  made  known  his 
view  of  the  composition  of  carbonic  acid,  which  he  showed  was  formed  when  oxide 
of  mercury  was  heated  with  carbon,  and  was  therefore  to  be  regarded  as  a  compound 
of  carbon  with  that  constituent  of  atmospheric  air  which  supported  combustion. 

Scheele's  investigation  on  the  constitution  of  the  atmosphere,— made  in  1774-75, 
but  not  published  imtil  1777,  in  his  essay  on  "Air  and  Fire," — comprised  another 
independent  discovery  of  oxygen  gas,  obtained  by  heating  nitre  or  metallic  oxides,  but 
as  he  was  content  with  the  fact,  there  was  no  dispute  as  to  the  priority  of  the  discovery. 
This  essay  also  contained  many  valuable  results  connected  with  the  composition  of 
the  atmosphere,  the  phenomena  of  combustion,  and  other  details  relating  to  pneumatic 
cbemistiy,  especially  the  quantitative  composition  of  the  atmosphere,  which,  since  the 
discovery  of  its  nature,  had  been  a  more  definite  object  of  investigation  than  it  had 
formerly  been.  As  contributors  to  the  attainment  of  this  result,  were  Font  an  a, 
Landriani,  Lavoisier,  Ingenhouss,  Sigaud  de  la  Fond  and  Davidson. 
It  was,  however,  by  Cavendish's  "  Experiments  on  Air,"  published  in  1784-86,  that 
the  true  quantitative  composition  of  the  atmosphere  was  first  established,  and  the 
cause  of  the  discrepancies  which  had  been  observed  in  eudiometrical  experiments 
made  known. 

In  the  early  part  of  1783,  which  was  a  period  of  great  importance  in  the  history  of 
chemistry,  the  knowledge  of  aeriform  substances  had  made  very  considerable  progress, 
so  far  as  concerned  the  establishment  of  facts  as  to  the  existence  of  different  gases, 
the  part  played  by  atmospheric  air  in  combustion  and  respiration,  and  by  gaseous 
substances  generally  in  most  chemical  phenomena.  A  passage  in  the  "  lOstoire  de 
TAcad^mie  Koy.  des  Sciences,"  for  1776,  published  in  1779,  will  serve  to  show  the 
change  which  had  taken  place  with  regard  to  this  subject.  "  Les  substances  a^riformes 
sur  lesquelles  nous  n'avions  que  des  observations  isoldes,  sont  devenues,  depuis  ouelques 
ann^es,  Tobjet  des  recherches  des  chimistcs ;  et  elles  ont  jet^  un  grand  a^sordre 
dans  les  theories  les  mieux  ^tabhes  et  les  plus  fermement  adoptees.  £n  efiet^  on  a 
reconnu  que  ces  substances,  qui,  au  degr^  de  chaleur  de  Tatmospbire,  sont  dans  I'^tat 
de  fluides  expansibles,  entroient  dans  la  composition  do  la  plupart  des  corps  solides  et 
fluides ;  c'^toit  done  un  nouvel  ordre  de  substances  auxquellcs  il  falloit  avoir  ^gard 
dans  I'analyse  de  ces  corps."  In  the  same  volume,  the  increase  of  weight  in  calcina- 
tion of  metals  was  also  referred  to :  "  Ainsi  Ton  a  observe  dans  les  calcinations  des 
m^taux,  et  leur  rMuction,  que  I'explication  de  Stael  n*^toit  suffisante ;  que  les  sub- 
stances m^talliques  s'unissoient,  par  la  calcination,  avec  une  esp^ce  d'air,  qui  s'en 
d^gageoit  ensuite  dans  leur  r^uction,"  while  not  longer  back  than  1766,  the  same 
subject  was  referred  to  in  the  "  Histoire  de  rAcad<5mie  "  for  1763,  in  the  notice  of  a 
memoir  by  Hellot^  Tillet,  and  Macquer,  "  Sur  les  Essais  des  Mati^res  d'Or  et 
d' Argent,"  in  very  different  terms:  " L'augmentation  observ6e  dans  le  bouton 
d' argent  fin  n*est  ....  qu'apparente,  et  il  no  se  fait  aucune  transmutation  du  plomb 
en  argent ;  mais  ce  premier  metal,  qui  sembleroit  devoir  consid^rablemcnt  diminuer  de 
poids  par  Taction  du  feu  et  par  les  fum^es  continuelles  ^u'il  exhalo  en  se  convertissant 
en  litharge,  augmente  au  contraire  de  poids.  .  .  .  Lo  fait  n'est  point  ^uivoque,  .... 
et  c'est  un  vrai  paradoxe  chymique,  que  I'exp^ence  met  cependant  hors  de  doute. 
Mais  s'il  est  facile  do  constater  ce  fait^  il  ne  Test  pas  autant  aen  rendre  une  raison 
satisfaisante ;  il  ^happe  4  toutes  les  id^es  physiques  que  nous  avons,  et  ce  n'est  que 
du  temps,  qu'on  pent  attendre  la  solution  de  cetto  difl^ult^."  Tillet,  who  had 
studied  this  fact  very  carefully,  remarks  in  his  memoir,  "  Nous  sommes  done  forces  de 
convenir  que  cette  augmentation  de  poids  ^tant  constante  et  bien  d^id^e  .  .  .  devient 
par  la  le  siyet  d'une  recherche  curieuse,  s'il  est  possible  de  saisir  un  point  do  physique 
aussi  d^licat." 

Besides  the  gases  already  mentioned,  Priestley  had  discovered  hydrochloric  acid  gas, 
ammonia,  fluoailidc  gas,  sulphurous  acid,  and  nitrous  oxide.  He  had  altjo  devised  the 
use  of  mercury  in  place  of  water  for  the  pneumatic  trough.  Sche  ele  had  dbcovered 
chlorine.  Volta  had  pointed  out,  in  1776,  the  peculiarity  of  the  inflammable  air  of 
marshes,  in  yielding  carbonic  acid  when  burnt,  and  had  made  a  comparative  cxamina> 
tion  of  it  and  other  inflammable  gases,  as  regarded  the  proportions  of  oxygen  requisit4i 
for  their  combustion.  He  also  showed  that  a  mixture  of  atmospheric  air  and  inflam- 
mable air  could  bo  exploded  by  the  electric  spark,  and  Kir  wan  had  endeavoured,  in 
support  of  the  phlogistic  theory,  to  identify  phlogiston  with  the  inflammable  air 
obtained  by  dissolving  metals  with  dilute  acids.  But,  in  general,  there  was  an  absence 
of  any  connoted  interpretation  of  the  facts  which  had  been  ascertained.  Lavoisier 
had  given,  in  his  Opuscules^  a  comprehensive  historical  statement  of  the  views  which 
had  been  entertained  with  regard  to  aeriform  substances,  and  at  the  same  time  put 
forward  his  own  views  with  regard  to  combustion.  In  his  paper  on  the  combustion  of 
diamond,  phosphorus,  and  organic  substances,  he  showed  that  only  a  part  of  the 
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atmnirtilir  rk-  iixt  WM  eooooFiKKi  in  th»  fweem,  and  that  fixed  Air  ^ru  th6  o&l^  g» 
f, .  fiiT  iho  combm^ii  of  org^&nic  BQbflt&iicv*  when  vit^l  atrim*  cabfllitfltMj 

fuf  ric  air.     He  «hcFWod  that  solphttric  add  ^ymtaJaed  vital  air  ax»d  wijihttr; 

thftt  the  jiruductioD  of  a  salt  by  the  eJtpostirt'  :"  '  i«>  the  atino^»tier«,  ooociaii^ 
in  a  ftiioultaneoiw  abeoTptioo  of  the  same  ftir  i  maraud  iron ;  tluit  nitiw  mai 

contAitied  this  air;  and  that  pboephora*  wn*  crij  > . ,  ,,  i.  i  -^  -^^  -phortc  m&d  by  inl» 
Acid.     In   1781,  he  {inblifihcxl  an  ApprimroAte  amilyBu*  l-e  midd,  mad  tbamd 

Umt  it,  in  comiuon  with  all  other  acida  a»  he  maintai  n  itaed  oxjgts.     Bb 

httomptBt  in  1782,  to  explain  the  pr(?cipitatioQ  of  one  metal  by  aaother,  a»  oonai^tiflg 
in  A  tmnRfer  of  oxygen  from  one  lo  the  o4her,  in  opposition  to  ScTginaiiii^!>  ri^'w.  thsi  A 
Oon«irtcd  in  a  tmnsfer  of  phloj^ston,   wen)  lew  floccecsfal  than   00c •>  W 

inreBt igrtt ions ;  and  jnwt  at  this*  time  hi«  att«nlion  wa*  directesd  to  an   t  jrd 

Ugainst  hia  rifws,  thrit  th«?y  did  not  account  for  the  erolution  of  hyditJgru  ^uru  tncisk 
were  di«5ulved  by  diJute  acids,  nor  explain  whence  they  derived  the  oxy^garii^  wfiidi  lu 
maintained  it  waft  mvesaory  they  should  combine  with,  to  form  c/^ddjom,  hiAa9th0f 
ootild  form  salt*  with  the  acids. 

About  the  end  of  1781,  CaTendishcommcnced  wra)eexp<^rfm*^ts,  which  *•  vtirvmi* 
prineipally  with  a  view  to  find  out  the  eanm  of  t.b«  dimi  ich  oomaKio  mtk 

well  known  to  aufler,  by  all  the  yarions  ways  in  which  it  i  icated^  and  to  £•- 

cover  what  bcioomes  of  tlie  air  thus  lost  or  condenifed*'  (i  uu,  1  i-^na.,  I7S3^  p.  Ilti: 
*'  HAvin^  now  mentiont^^l  the  ansnece«sfnl  attempts  I  made  to  fiod  out  what  tuoma 
of  the  air  lost  by  phlogiHticntion,  I  proceed  to  some  experiments  which  sexrv  f«alfy  lo 
explain  the  mattt^r.  In  Dr.  Priestley's  last  volnme  of  experiments,  is  ralattfl  §m  9Xfm- 
ment  of  Mr.  Warltire'e,  in  which  it  is  said^  that  on  finng  a  mixttu«  of  oomaiaii  ad 
inflammable  air  by  electricity  *  ,  .  .  in  glass  TesseH  the  inside  tjf  the  gtass^  thon^ 
clejtn  and  dry  b<:!fore,  immetiiately  became  dewr :  which  confirmed  an  opinion  he*  iaii 
long  entertainedt  that  common  air  deposits  aoisture  by  phlogistication"  (t^W.  p^  liW> 
In  studying  this  fact,  CaTsodish  met  with  a  diffltndty.  consisting  in  the  prodnefjon  of 
an  acid  in  some  instances;  and  the  examination  of  the  conditions  under  which  this  took 
ptaes  delayed  Iho  piablication  of  his  experiments  until  17 S3;  but  so  early  as  thv 
summer  of  17B1,  he  had  aftccrtaincd  that,  ''when  a  mixture  of  inflammable  and 
dephlopsticated  air  l»  exploded  m  Buch  proportions  that  the  burnt  (L«.  r^dual)  ur  » 
not  much  phlogisticated,  the  condensed  liquor  contains  a  little  add  which  la  always  i^ 
the  uitroui*  kind,  whaterer  substance  the  dephlogislicatcd  air  i-  ,  ■]  frum;  hut  if 

the  pn:>portions  be  such  that  the  burnt  air  is  almost  entirely  \  r«d,  ths  emi- 

densed  liquor  is  not  at  all  acid,  but  setnjs  pure  water,  without  u^.j  ....^..*H>a  whaltvsr; 
and  as,  when  Ibey  ar»>  mixtd  in  thnit  proportion,  rety  httle  air  remains  adartk* 
explosion,  tdmo«;t  the  whole  being  oondenFeci  it  follows  that  almost  the  whole  of  lit 
inflamrnHblt'  and  dephlogielieated  air  is  converted  into  pure  water/*  The  weight  of  tL« 
water  so  j)ro<lucod  woa  ako  ^hown  to  be  equal  to  the  joint  weight  of  the  two  ga»«. 
CnvendiMh  adds,  *'LaHt  summCT  (1783),  a  friend  of  mine  gave  some  account  <4  tb 
experiments  to  IVl  Lavoisier,  as  weQ  as  of  the  conebision  drawn  &om  them,  thai  i 
phlfji^atieat*^!  air  h  only  water  deprived  of  its  phlogii»lou/' 

Thesfi  experiments,  which  fiurniKhr-d  evidence  of  the  compound  nature  of  walei 

only  point  that  wsu*  wanting  to  render  Lavoisier'a  theory  complete*,  snd  to  orsi 

the  phlogiutic  theory— were  interpreted  by  Cavendish  in  perfect  accordance  »itb  Gld»r 
views,  to  win  eh  he  uuiforraly  adhered.  I*he  wat^r  obtmned  by  exphxiing  a  mixiarv 
of  inflammable  aud  depblogi^ticated  air,  was  never  regarded  by  him  as  the  i*^ 
suit  of  a  chemical  combination  of  two  distinct  sub^tances,  but,  strictly  in  accof^l* 
anee  with  the  spirit  of  the  phlogistic  theory,  merely  as  being  th^^  ....->*  -^  ^  maftiii 
and  compensiiting  alterrttion  of  the  two  kinds  of  air,  both  oi  ^edlo 

l>e^  at  thu  Slime  time,  et^nally  air  and   also  equally  water,  thi*  ^.^^thi 

two  kinds  of  air,  nnd  between  either  of  them  and  water,  conaistinjr  solely  in  their  cct- 
dition  with  regard  to  tlie  unknown  principle,  plilogiston.  His  own  language  in  refi-rraw 
to  thiH  point  is  so  cb'sr  and  explicit,  that  it  is  remarkable  this  fact  should  hard  \m  ~" 
entirely  overlook (mI  in  the  long  controverby  which  has  lHLM?n  maintained  its  to  tlie  tli 
coverj'  of  the  enmpouud  utiture  of  water,  or  the  originator  of  the  view  that  wat«9  b 
compound  of  the  two  pa«5ea. 

It  i»  somewhat  questionable  what  was  the  exact  nature  of  Cavendish's  views  wil 
regard  to  phlogiston  ;  iio  far  as  may  be  inferred  from  his  writings^  he  appears  to  h.t' 
rr^garded  it  as  imponderable.     Certainly  he  did  not,  a*  has  Ix^cn  frequently  asserte 
regard  hydropen  as  phlr»gisiton  ;  and»  though  he  mentions  that  opinion,  as  put  furwai- 
b^  Kirwan  and  Priestley,  he  expn»ssl  v  states  bis  dissent  from  it     "With  iv^snl  to  hit 
new  of  the  nature  of  dephlogifticjite*!  and  inflammable  air,  however,  theri  n 

for  doubt  or  utieertainry:  — "dt'phloijistiejifed  air  is  only  water  deprived 
gi«ton,"  and  inflittnninble  air  "is  rithrr  phlogiwticated  water  or  tl5e  pun  j.,..^,  ,   :;, 
but  in  all  probability  the  former"  ^ Phil  Trans.  1784,  p.  IIU)*    Again,  alter  dis^ti*^ 
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ing  the  probable  source  of  the  acid  produced  in  some  of  his  experiments,  he  says: — 
"  We  must  allow  -that  dephlogisticated  air  is,  in  reality,  nothing  but  dephlogisti- 
cated  water,  or. water  deprived  of  its  phlogiston ;  or,  in  other  wotSb,  that  water  con- 
sists of  dephlogisticated  air  united  to  phlogiston ;  and  that  inflammable  air  is  either 
pure  phlogiston  ...  or  else  water  united  to  phlogiston,  since,  according  to  this  sup- 
position, these  two  substances  united  together  form  pure  water."  His  account  of  the 
nature  of  phlogistication  of  pure  air  renders  his  opinion  still  more  clear :  "  adding 
dephlogisticated  air  to  a  body  is  equivalent  to  depriving  it  of  phlogiston,  and  adding 
water  to  it."  **  In  the  detonation  of  nitre  with  inflammable  substances,  the  acid  unit<>8 
to  phlogiston  and  forms  phlogisticated  air"  (nitrogen);  but  in  the  production  of  nitric 
acid  from  a  mixture  of  oxygen  and  nitrogen,  "  the  reverse  of  this  process  was  carried 
on,  namely,  the  phlogisticated  air  united  to  the  dephlogisticated  air,  which  is  equiva- 
lent to  its  being  deprived  of  its  phlogiston,  and  was  reduced  to  nitrous  acid  "  (Phil. 
Trans.  1785,  p.  380).  As  illustrative  of  this  process  he  mentions  the  oxidation  of 
mercury  in  his  first  paper,  and,  even  in  1786,  the  formation  of  nitric  acid.  He  had 
formerly  come  to  the  conclusion  that  phlogisticated  air  (nitrogen)  was  "nothing  else 
than  nitrous  acid  united  to  phlogiston.  According  to  this  conclusion,  phlogisticated 
air  ought  to  be  reduced  to  nitrous  acid  by  being  deprived  of  its  phlogiston.  But  as 
dephlogisticated  air  is  only  water  deprived  of  its  phlogiston,  .  .  .  therefore  phlogisti- 
cated air  ought  also  to  be  reduced  to  nitrous  acid  by  being  made  to  unite  to,  or  form 
a  chemical  combination  with,  dephlogisticated  air,  only  the  acid  formed  this  way  will 
be  more  dilute  than  if  the  phlogisticated  air  was  simply  deprived  of  its  phlogiston " 
(PhiL  Trans.  1785,  p.  379).  This  assumed  dilution  of  the  acid  shows  that  he  considered 
water  to  be  produced  by  the  transfer  of  phlogiston  from  nitrogen  to  oxygen,  as  well 
as  by  the  transfer  of  phlogiston  from  hydrogen  to  oxygen,  just  as  he  considered  it  to  be 
produced  also,  by  the  transfer  of  phlogiston  from  mercury  to  oxygen,  and  to  remain 
as  a  constituent  of  the  oxide  of  mercury. 

The  argument  that  Cavendish  regarded  water  as  a  compound,  rests  solely  upon  the 
assumption  that  he  considered  inflammable  air  to  bo  phlogiston,  an  assumption  not 
only  quite  gratuitous,  but  directly  opposed  to  his  own  statements  as  to  this  point 
"  I  know  of  no  experiment,"  he  says,  "  which  shows  inflammable  air  to  be  pure  phlo- 
giston, rather  than  a  union  of  it  with  water,  unless  it  be  Dr.  Priestley's  experiment  of 
expelling  inflammable  air  from  iron  by  heat  alone;"  and,  he  adds,  it  is  "more  likely 
that  the  inflammable  air  was  formed  by  the  union  of  the  phlogiston  of  the  iron  filings 
with  the  water  dispersed  among  them"  (Phil.  Trans.  1784,  p.  137).  Even  the  fact 
that  the  water,  produced  by  exploding  a  mixture  of  inflammable  and  dephlogisticated 
air,  was  equal  to  the  joint  weight  of  the  two  gases,  was  not  int-erpreted  by  Cavendish 
as  indicating  the  formation  of  a  compound,  according  to  present  ideas,  but  merely  as 
showing  that  both  kinds  of  air  were,  as  he  expresses  it,  "  turned  into  water."  The 
change,  in  his  estimation,  was  of  much  such  a  nature  as  that  in  the  production  of  water 
by  mixing  ice  and  steam ;  or  in  the  contact  of  a  negatively  electric  body  with  another 
positively  electric  He  even  expressed  his  dissent  from  Lavoisier's  view  of  the 
fact,  while  admitting  that  it  could  be  as  well  expressed  according  to  that  view,  as 
according  to  the  phlogistic  theory ;  and  he  speaks  of  Lavoisier's  view  as  an  "  hyix)- 
thesis,"  according  to  which  "  we  must  suppose  that  water  consists  of  inflammable  air 
united  to  dephlogisticated  air."  The  difference  between  Cavendish's  real  view  and 
this  expression  of  Lavoisier's,  will  appear  trivial  or  nothing  if  they  are  considered 
in  the  manner  which  has  now  become  habitual;  but  the  fact  that  Cavendish 
took  the  pains  to  refer  to  the  difference  between  his  view  and  that  of  Lavoisier,  is  suffi- 
cient proof  that,  in  his  own  estimation,  the  difference  was  not  slight;  and  if  the 
tendencies  and  spirit  of  the  phlogistic  theory  are  fairly  considered,  it  will  be  evident 
even  now  that  it  was  no  slight  difference. 

It  b  only  to  the  disregard  of  the  point  of  view  from  which  this  and  similar  pheno- 
mena were  considered,  according  to  the  phlogistic  theory,  that  the  spurious  argument 
and  signal  misconception,  characteristic  of  much  of  the  water  controversy,  can  bo 
ascribed — misconception  so  great,  that  the  late  Dr.  Wilson,  in  his  biography,  has 
asserted  it  to  be  "  undeniable "  that  Cavendish  considered  every  oxidisable  body  con- 
tained hydrogen!  "Inconceivable"  would  be  a  more  correct  term  to  apply  to  the 
notion  that  any  such  opinion  was  ever  thought  of  by  Cavendish,  and  more  consistent 
with  that  high  estimation  of  his  philosophical  character  which  has  always  been  so 
generally  entertained,  and  which  rests  on  so  solid  a  foundation.  It  is  only  by  such  a 
disregard  of  the  phlogistic  point  of  view,  that  it  is  possible  to  account  for  the  attempt 
to  claim  for  Cavendish  any  further  share  in  the  discovery  of  the  composition  of  water, 
than  that  of  having  been  the  first  to  recognise  the  fact  that  it  was  the  sole  product  of  the 
explosion  of  oxygen  and  hydrogen  in  certain  proportions :  with  regard  to  this  having 
been  done  by  Cavendish  it  seems  hardly  possible  that  there  should  be  any  dispute. 
It  is  equally  impossible  to  perceive  any  ground  for  the  assertion  that  he  did  anything 
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more  thnn  supply  the  evidence  of  the  compoflitioA  of  WRfpr,  withonf ,  howievep,  i 
any  conception  uf  its  compound  nature,  or,  in  other  words,  adopting^  the  tme  istdfR^ 
tation  of  his  experimental  results.  If  the  mere  reeogDitioii  of  the  faet  that  h^dfOfri 
and  oxygen  yielded  wiittir  by  explosion,  be  held  to  consUtutw  the  discovery  of  it»  eo»- 
position,  both  Warltire  and  Priestley  should  be  allowed  to  participate  in  the  eredit  d 
uaving  tnude  it^  and,  to  ftome  nctent  alsc^  Maoquer  and  Be  la  Meta^^e,  who,  in  I77V^ 
had  obaenred  that  water  wiis  the  produet  of  combnstioti  of  inJliuniiiAble  air.  But  liht 
Tiew  that  water  wftn  o  compciund,  waM  inMnnpiitible  with  the  systein  of  chcrmieal  phJl^ 
Bophy  then  preTailing,  and  wu*^,  iu  fiict,  the  means  of  subverting  it.  The  creoit  «(f 
having  first  giren  the  true  interpretation  of  the  facta  obserrcd  by  Carendifth,  is  co^ 
toinly  dne  toLavoisierr  and  to  that  extent  he  may  be  regarded  as  the  disco veref  of 
the  oompofiition  of  water,  tnasmTich  as  the  adyancemeot  of  chemicai  science,  at  tJiit 
timo,  and  in  thifi  eaae  especially,  eonsisted  more  essentially  in  the  correct  inle 
of  known  facts,  than  in  the  observation  of  new  facta. 

It  would  be  improper  not  to  mention  here  the  daim  which  has  been  mado  J 
J  a  met  Watt,  as  having  been  the  discoverer  of  the  coiDpositioa  of  water,  a  dam 
which  appears  to  involve  a  disregard  of  what  really  constitutes  a  title  to  be  coosidcf^ 
as  a  discoverer.  Watt  certainly  was  the  first  to  nut  forward^  in  17B3,  the  opinioii  thai 
water  was  a  compound  of  infl^ammable  and  dephlogisticated  air ;  but  that  opinion  vis 
merely  an  bypotbesifi,  baaed  upon  d/ita  fiLmiabed  to  him  by  Priestley,  and  nnsttpfioitid 
by  any  expenmental  observation  of  his  own.  In  fact,  he  never  appears  to  have  hid 
claim  to  anything  more  than  having  put  forwartl  this  view  as  a  speculation;  aaJ 
though,  for  a  time,  he  beliered  he  bad  been  unfairly  treated,  his  only  complaint  was 
that  his  "ideas"  had  been  pirated,  and  that  no  mention  had  been  made  of  bit 
**  theoiyi"  either  by  Cavendish  or  Lavoisier,  to  whom  it  bad  been  conuDnnicated. 

The  communication  of  Cavendish's  results  to  Lavoisier,  byBkgdeu  in  178^appf«rs 
to  hare  been  reei'ived  by  hini  with  doubt  as  to  their  accuracy.  The  combtutiioa  of 
inflammable  uir  had  itlrt^ady  occupied  his  atttmtion,  about  the  end  cf  1781,  midert^ 
belief  that,  like  sulphur  and  pho^phortiH,  it  would  yield  an  acid.  In  his  memoir  ca 
this  subject,  read  in  1733^  he  says,  "L' analogic  m'avoit  port^  invincilileiiMiiif  4  coo- 
dure  que  la  combustion  de  Tair  inflammable  dcvoit  Element  prodnire  un  aeide."  At 
the  time  of  Blagden's  communication,  however,  the  evolution  of  hydrogen  whtai  mHaU 
were  dissolved  by  dilute  acids,  and  the  reduction  of  met^illic  oxides  by  inflammsbl*? 
air,  w*»pe  inexplicable  accoprlin^  to  Lavoisier's  views;  and  he  appears  to  hare  tho«^»t 
Cavendish's  experiment  sitffieiently  important  to  repeat  it  The  result  which  he  qI>* 
tained,  at  once  snowed  him  that  his  preconceived  opinion  as  to  the  combuation  of  i 
niabki  air  was  wrong,  and  it  furnished  him  with  the  key  to  the  explanation  «f  I 
difficulties  which  were  then  being  urged  against  the  correctness  of  his  views  by  Ka^ 
and  other  supportiTs  of  the  phlogiFtic  theory.  He  followed  up  the  subject  by  dee 
posing  water,  and  contributed  to  establishing  its  quantitative  composition.  Berthetk 
and  other  chemists  soon  afterwaids  adopted  his  viewf ;  before  the  end  of  the  IStli 
cenlur}'  the  an tiph logistic  theory  was  generally  established ;  and  with  its  estalihshmeBi; 
the  chemitiil  importanco  of  gascoug  substsinces  was  fully  recognised. 

Since  thut  time,  the  knowledge  of  the  chemicid  and  physical  characters  of  gu(«] 
been  largely  extended  by  the  investigations  of  numerous  chemists.     The  rtdatiinw^ 
volume  obtaining  in  the  combination  of  gases,  first  definitely  pointed  out  by  6* J 
Lussac  and  Humboldt  in  ISOo,  and  subsequently  develofwd  by  the  former  in  10** 
have  but  recently  been  ftUly  brought  to  bear  upon  tne  tht»ory  of  chemical  consliti   ' 
and,  like  the  phenomena  of  diflfumon  investigated  by  Dal  ton  and  Graham,  b       _ 
so  entirt^ly  to  the  chemistry  of  the  present  time,  that  they  will  require  to  be  treated  m' 
sepamto  articles,  B.  H^  P, 

G3A   MWRW^WtB    Awn    Firs.VA.OS8.    The  forms  of  gns-buraer  uaid  fiirj 
ilium  in  fit  ion,  art^  de^ierilKKl  in  Ur/s  Ihttitmitrt/  of  Art*,  MunufarturtSy  and  Muu^  i 
Co\i-OAS,  i.  733.    In  thcye  bumery,  the  main  condition  to  be  f\il filled  is.  to  supply  1 
fiame  with  just  so  much  air  as  to  burn  the  whole  of  the  hydrogt^'n  in  the  gasi,  and  I 
sufficient  quantity  of  the  cjtrbon  to  prevent  the  formation  qI  vi#»ible  smoke,  hut,  at  tin 
aaine  time,  tJ>  separate  a  certjiin  quantity  of  the  carbon  within  the  flame  in  the  form  ^f " 
niiunt*  solid  parlieleF,  which,  being  rendered  incandescent  by  the  flame,  impart  to  it 
a  higb  degree  of  luminosity ;  perf^'tt  combustion  is  not  desirable,  as  all  tli  '     i«j 

wotiUi  then  be  ga»eous,  and  vf  ry  littltj  light  would  bt*  eniitled,  (See  Combust  -  «.  j 

nnd  Flame,  ii.  G54,)      But  when  coal-gas  is  used  as  a  liource  of  heat,  it  is  ^.  - , 

make  the  eombustion  as  complete  as  possible,  as  this  condition  insures  the  prudltc 
of  a  high  temperature  and  the  ab^cnee  of  smoke.      This  object  Is  attained  by  toix. 
the  conibuBtiblo  giis,  bf  forr  it  reaches  the  burning  point,  with  the  quantity  of 
required  to  bunj  it  completely,     A  simple  and  effective  contrivance  for  this  parpc«ei 
the  top  of  the  chimney  of  un  oixlinary  argund  gas-burner  a  pieco  at  wwt 


to  fix  on 

gauze,  then  turn  on  the  gas,  and  ligfit  it  ubovij 


tliL'  gaU2c.    The  gas  then 
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Tnixod  with  air  in  passiDg  np  the  chimney,  and  this  mixture,  when  set  on  fire  aboTe 
the  wire-gauze,  bums  with  a  pale  blue,  perfectly  smokeless  flame,  producing  a  very 
intense  heat,  and  well  adapted  for  heating  basins,  small  crucibles,  or  other  vessels.  If 
the  wire-gauze  is  of  the  proper  degree  of  fineness,  and  fits  closely  on  to  the  top  of  the 
chimney,  the  flame  will  not  extend  to  the  mixture  of  air  and  gas  below  the  wire-gauze, 
because  in  passing  through  the  meshes,  itiwould  be  cooled  below  the  burning  tempe- 
rature, as  in  the  miner's  safety-lamp  (i.  1101). 

Bat  the  form  of  gas-burner  now  most  generally  UMd  in  chemical  laboratories,  as  a 
source  of  heat,  is  that  contrived  by  Professor  Bunsen,  and  represented  in  fig.  496.    The 


Fig.  496. 


gas,  supplied  by  a  flexible  tube  attached  at  U  passes  through  a  sot  of 
small  holes  into  the  box  a,  in  which  it  mixes  with  atmosphejric 
air  entering  fireely  by  a  number  of  holes  as  shown  in  the  figure. 
The  gaseous  mixture  passes  up  the  tube  6,  and  is  infiamed  at  the 
lop,  where  it  bums  with  a  single  tall  blue  fiame,  which  gives  no 
smoke  and  very  little  light,  but  much  heat  The  flame  may  be 
made  large  or  small  at  pleasure  by  regulating  the  supply  of  gas ; 
and  by  arranging  two  or  more  such  tubes,  together  with  an  air- 
box  containing  a  sufficient  number  of  holes,  a  very  powerful  burner 
may  be  constructed. 

This  form  of  burner  is,  however,  subject  to  two  defects;  some- 
times the  flame  bums  whit«  and  smoky,  and  sometimes  it  blows 
down,  the  gaseous  mixture  exploding,  and  the  gas  then  burning  with 
a  smoky  flame  in  the  air-box  a.  The  remedies  for  these  defects  are  as  follows :  —  If  the 
flame  is  white  only  when  the  gas  is  turned  on  very  full,  the  remedy  is  to  lessen  the 
supply  of  gas ;  but  if  the  flame  continues  to  bum  white  at  the  top,  when  the  gas 
is  gradually  turned  off  and  the  mass  of  flame  slowly  sinks,  then  the  holes  which 
deliver  the  gas  from  the  supply  pipe  into  the  air-box  are  too  large,  and  are  placed  too 
directly  under  the  centre  of  the  vertical  tube  h :  these  defects  must  be  corrected  in  the 
instmmcnt  Finally,  when  the  flame  blows  down,  it  is  because  the  supply  of  atmo- 
upheric  air  is  too  large  in  proportion  to  the  supply  of  gas,  and  their  relative  pro- 
portions must  be  altered.  To  effect  this  alteration,  Mr.  Griffin  (to  whose  kindness 
the  editor  is  indebted  for  the  following  descriptions  of  gas  burners  and  fumaces) 
places  over  the  air-box  a  a  thin  brass  cap,  c,  perforated  with  holes,  and  capable  of 
turning  round  so  as  partially  to  close  the  holes,  and  thus  lessen  the  supply  of  air.  If, 
when  the  gas  is  alight,  the  flame  needs  to  be  lowered,  first  the  supply  of  air  is  to  be 
lessened,  then  the  supply  of  gas.  If  the  flame  is  to  be  enlarged,  fl»t  Uie  supply  of  gas 
must  be  increased,  and  then  the  supply  of  air.  In  short,  to  prevent  the  flame  blowing 
down,  the  gas  must  always  be  first  placed  in  excess,  and  then  have  the  proper  quantity 
of  air  adjusted  to  suit  it,  by  means  of  the  regulator  c. 

To  produce  a  spreading  flame,  and  render  the  burner  better  adapted  for  heating  an 
evaporating  basin,  Mr.  Griffin  places  over  the  mouth 
of  the  vertical  tube  b  {fig.  496),  a  flat  cast-iron  box,  ^^'  ^^ '• 

d,  with  many  holes  round  its  margin,  and  a  few  small 
ones  on  the  top.  The  flame  thus  produced  consists  of  a 
series  of  radiating  jets,  forming  a  horizontal  circular 
flame.  Fig.  497  represents  a  variety  of  this  rose  burner 
in  which  the  head  is  not  removable,  but  the  efflux  of 
the  mixed  gases  is  regulated  by  a  sliding  valve  b. 
When  the  sUde  is  pushed  over  the  central  hole,  the 
burner  gives  a  number  of  small  flames  in  a  circle  suit- 
able for  boiling  and  evaporation;  when  it  is  pushed 
aside,  the  burner  gives  a  single  tall  flame  adapted  fur 
ignition  and  fusion. 

Ckts  Vnmaoes.  The  power  of  the  bumer  ju6t 
described,  and,  indeed,  of  every  kind  of  gas-burner, 
may  bo  greatly  increased  by  surrounding  the  flame 
with  a  jacket  of  fire-clay,  or  some  other  substance  of 
small  conducting  power,  which  will  prevent  the  dissi- 
pation of  the  heat  by  radiation.  In  this  manner  gas  fur- 
naces may  be  coustmcted  capable  of  producing  very  high  temperatures  with  but  a  small 
expenditure  of  gas. 

Fig.  498  represents  a  gas  furnace  arranged  for  boiling  and  evaporation,  a  is  the 
gas  burner,  like  that  represented  in  fig.  496 :  it  is  12  inches  high,  the  bore  of  the  tuXye 
d  is  I  inch,  and  the  diameter  of  the  fire-box  c  is  4  inches :  6  is  an  iron  stool  with  throo 
legs;  c,  a  fiiraace-body,  or  iron  jacket,  lined  with  plumbago  or  fire-clay.  Fig.  499 
shows  the  jacket  and  Uning  in  section,  and  marks  the  position  of  the  fire-box.  c,  of  the 
gas-burner.    This  fumaco  is  14  inches  high  and  9  inches  in  diameter.     The  three 
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lirackets  fixed  on  tlie  uppw  part  of  the  jacket  wnre  to  aapport  t1l«>  Tesnet 

tko  liquid  to  be  1x)U<?d  or  <iTft|ioFrAted.     A  porcelam  ha&in  1 6  or  1 1>  uiche«  in  diiuneti 

can  be  tiius  su|>ported.     It  ia  important  t©  alkw.  between  the  jacket  c  and  the  «t 

rating    biunn,    plenty  of  tpuce   fur  t!i 


Fiff,  498. 


i  dm*. 


Fiff,  500. 


Fiff,  499>        cicapc  of  tho  heated  air  which  Jl,s<^ellll 
^m  the  intefrior  of  the  fnrDAce.     Wh«^ 
the  CTBponting  busiii  is  of  «ninll 
meter,  it  may  bo  supported  n^  ♦'■^  •" 
placed  withLn  the  furnace  c 
Tadicail  tube  of  the  jgas-burn 
iH  in  the  bottom  of  the  funuw.x*  c  yt^ 
499)  a  cireular  opening  2  inchce  in  < 
meter,   through  whic£   the    air    pti*i 
freely,  partly  to  feed  the  flame  and  pwrtly  to  Ui  hiafe 
by  the  flamo,  and  directed  upwards  in  a  contioiKiUif  cu 
rent  upon  the  lower  surfiicc  of  tlio  l^asin  that  ia  to  ' 
htisted.     The  flame  within  the  furnace  burn9  »t«a(Ji]^ 
No  «ido  eurrents  of  air  agitate  it     No  part  of  it  touch^| 
or  must  he  permitted  to  touch,  the  btiBiu,  whieh  th 
reeeive  it«  heat  solely  from  the  mass  of  attcending  hot  air^l 

The  gsia-bumer  thus  arranged,  and  supplied  by  a  ga^l^^pttl 

of  ^  inch  bore,  bums  about  33  cubic  feet  of  giui  in  an  houiji 
and  the  (lame  which  it  produces,  actlog  upon  water  contained  in  an  open  purcelaiAl 
evaporating  basin,  will  he^t  from  GO**  to  2r2<=»  F.: 

1  qTiart  in  6  minutes    |    1  gallon  in  15  minutes    |    2  gnUonii  in  30  ininiile« 

When  the  water  boik,  it  ti  driTeo  off  in  steam  at  the  riite  of  more  th^n  a  gallon  < 
water  per  hfur. 

By  increiising  the  draught  and  ccnfining  the  heat  still  more,  the  same  gas  biini«( 
miiy  be   made  to  give  heat  enough  for  the  Auion 
silieatog  with  carbonate  of  sodn.     Fi^.  500  reprv«Qntii  i 
^8  furnace  contrived  by  Mr.  Griffin  for  tliiw  pnrpoae,  4 
i»  the  gaa-bumer ;  A,  a  tall  iron  stool :  e,  a  chimnev  which  ' 
collects  atmospheric  air  to  feed  the  flame,  and  leads  it  up 
close  to  the  Tertical  tube  of  the  gua-bumcr,  by  which 
eontriranco  the  air  is  warmed  and  the  tube  ofWrd  r  d  is 
n  sole  or  plat©  of  fire-clay;  t  is  a  cylinder  of  firr-claj. 
4  inches  high,  and  H  inches  diameter:  k  is  ttpfum* 
bago  or  fire-clay  furnace,  in  which  is  placed  a  small 
cafit  iron  ring,  the  form  of  which  ie  shown  in  fy.  &01. 
and  on  this  ring  the  pktinutn  cmcible  is  adju-fted ;  (  is 
a   fire-clay  or   plumbago  rererbenitory 
Fig,  501.     dome;  and  j7  is  the  chimoey,  24  inches 
long  ami  ^  inches  wide.     'I  he  crucible 
being  adjusted,  the  gas  lighted,  and  the 
dome  and  chimney  put  on,  the  Inpse  of 
12  OP  16  minutes,  accorfling  t     •' 
lity  and  pressure  of  the  gas* 
the  fusion  of  HJOO  grains  of  ci- .   _-       i 
Boda  in  a  platinum  crucible.* 
The  crucible  is  placed  rerv  high  above  tho  orifice  of 
tho  lube  0  at  which  the  gas  i«  inflamed.     The  dis^tanca 
is,  in  fact,  about  10  incbea,  the  point  of  maximum  hcflt 
in  the  fiume  being  at  nearly  that  distance  frum  tie 
Ijurnt'r,  more  or  less  according  to  the  pressure  and  thi^ 
quality  of  the  gd«.      The  gas  which  risfi*  from  tli« 
burner  o,  though  mixed  with  tis  much  air  as  it  will 
bear  without  l-ecomiug  explosive  when  lights  does 
not  contain  sufficient  oxygen  to  bum  all  the  carbon 
present  in   it     The  flame  produced  is,  conseqnmtly, 
quite  anperficiaL     Tho  gaaeous  mixture  biin 
f  ite  surface,  where  it  is  in  contact  with  frt^h  k 

riir,  and  it  requires  time  to  take  up  the  requU, :.  ,»„ 

of  oxygen.     The  draught  produced  by  the  joint  action 

tf^JL^}\\,3^^'^u!^V]\''T*^  carbr-nato  of  *f«tfl  h  iHfnnltted  to  cool  sad  cooiolJifale  lH  a 
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of  the  two  chimneys  c  and  ^  esmnB  the  flame  rapidly  to  a  great  hoight  bt^fon^  the  point 
of  eompk>t4)  combuBtioii  is  attained. 

Whf'u  the  high«6t  degree  of  heat  is  not  required^  thf)  roTvrberatoiy  dome  I  may  be 
omitted.  It  must  also  Be  dtspenaed  vith  when  the  crodble  to  be  heated  is  of  compa- 
ratively large  sm^^  beeaose  it  is  then  liable  to  lower  the  temperature  of  the  fiimace  by 
impeding  the  dniught^ 

JV>.  502  Nhowii  a  form  of  tbe  furnace  rdapt^  fbt  igniting  a  large  flrc«~clay  crucible, 
as  when  oxido  of  ej^pper  is  to  b«  dried  for  nee  in  organic  anaiyeifl,    ~" 


The  crucible  is  en- 
Fi^.  502. 


giving  from  30  to  40  cubic 


doeed  within  n  rcvrrberatoiy  dome  /,     The  chim 
ncy  is  proridcd  with  a  damper  to  lessen  the  draught 
when  small  crucibl(?6  are  to  be  heated. 

The  Mfdgn  of  these  furnaces  may  be  judged  of 
by  a  pecfuliar  roaring  noise  which  they  produce.  If 
the  gas  and  air  are  miiLed  in  due  proportions,  the 
roar  is  rogolur  and  continuous.  If  there  is  too  much 
gas,  the  roar  is  le^senc^d ;  if  too  much  air,  thci  nmr  is 
increased,  but  is  rtmikrcd  irregular  and  iuttrmittenl, 
Tlie  greater  the  noiact  the  gr^'ater  thy  boat  in  the 
furnace:  but  when  tha  roar  heeoineB  spasmodic, 
the  flame  is  on  the  point  of  blowing  down.  To 
prereut  that  oocurrenoe,  the  proportion  of  air  must 
be  lesaened  or  that  of  gas  increased. 

The  efibeta  aaciibed  to  the  tiiHous  armngementa 
of  this  gas-furnace,  can  be  produced  with  gas  sap- 
plied  by  a  pipe  of  a  |-inch  bore,  and  at  a  moderate 
feet  p«r  bour» 

The  principles  of  heating  by  gaa.  which  have  lod  to  the  construction  of  this  furnaces 
may  be  summed  up  as  follows  : — When  a  crucible  or  other  solid  body  is  to  be  heated, 
it  is  to  be  wrapped  in  a  single  !iam«  at  the  paint  of  maximum  h»^l,  and  loss  of  heat 
by  radiation  and  conduction  is  tt»  be  prevent*^*!  by  the  intorjioaition  of  non-conducting 
tnateriaiji  (plumlmgo  or  fire-cby);  and  when  liquids  are  to  b**  boiled  or  cTajwraled, 
I  partienbirly  when  they  are  contAined  in  vessels  of  glass  or  poreeliun,  the  flnm«>  is  to  l>e 
tlroken  up  into  numerotis  horizontal  jetSt  and  thcj^e  are  to  be  made  to  supply  a  laii^ 
Iftud  ragnfaf  current  of  higlily  heated  air,  by  whidi  alone,  and  not  by  the  tlirect  appli- 
laition  of  the  flame,  the  vessel  containing  the  liquid  is  to  be  heated.     In  both  etis^'s, 
f  proTidon  most  be  made  to  secure  a  sufficient  draught  of  air  thrt^u^h  the  furnace, 
I  L^^auise  every  enbic  foot  of  gas  requires  for  combnstiou  10  or  12  cuhic  ft-cL  of  air,  and 
th<"  ga^es  which  have  done  th^ew  dut-y  mn£t  be  rapidly  carried  away  frc»m  the  focus  of 
heat.     If  the  steam,  tlie  carbonic  acid  gaa,  and  Clie  free  nitrogen,  which  constitute  the 
uaed-up  gases,  are  not  promptly  erpelled,  fi^sh  gaseous  mixture,  in  the  act  of  pro- 
ducing additional  heat  by  combustion,  cannot  get  near  the  object  that  is  to  be  heated, 
and  the  heat  so  prodaoed  out  of  place  is  wasted. 

Orlfllii^B  Bloat  CHas  Tnirifto^.     This  is  a  more  powerful  apparatus  adapted    for 

mr4alliLrgic  operations,  sueh  vlh  fusing  CtDusiderable  masses  of  metal,  assayings  roai«tiii^ 

&a     It  consists  of  two  parta  :   first,  of  a  particular  form  of  gas-burnerT   which    is 

supplied  with  gas  at  the  Uftual  pressure,  and  with  a  blast  of  common  air,  supplied  by 

bellows  or  a  blowing  machine,  at  about  ten  times  tbe  pressure  at  which  the  \^\b  is 

LsuppUod ;  and  seoondlv,  of  a  furnace,  which  ia  built  op  in  a  particular  manner,  round 

I  tlie  flame  produced  by  the  gas-burner,  and  tho  crudble  exposed  to  ignition.     Tho 

[object  of  this  particular  construction  is  to  accumnlate  and  concentrate  in  a  foots  the 

I  Jieat  produced  bv  the  gas  flame,  and  to  make  it  expend  its  entire  power  npon  any 

■  object  placed  in  that  focus.     This  apparatus  can 

Ibe  made    of  vaiions  sizes,   aoooming   to   the 

I  ftmouni  of  work  required  from  it. 

[      The  gas-burner  is  a  cylindrical  iron  reservoir^ 

\  shown  in  section  in  fiq,  503,  which  is  drawn  ou 

\m  scale  of  one*  third  the  full  size.     It  contains 

I  two  chamber9,  not  in  communication  with  one 

I  another.      Into  tho  upper  chambor,  gas  is  al- 

[lowed  to  paM  by  the  tube  marked  aas.    Into 

Ithe  lower  chamber,  air  b  forced  by  the  tube 

ked  AIR.    The  upper  part  of  the  burner  is 

L  inch  thick  in  the  metaL     Through  this  solid 

of,  lioles  from  6  to  20  in  number  are  bon^d 

I  for  the   escape   of  the   gas.     Tho   nunilier    of 

^■'bole^,   depends,    of    cftiu>e,   npon   the   beating 

iMiwrr  required  from  the  bomers.    Tho  air  pasBcsfrom  tho  lower  chamber,  tJuough 
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a  weriem  of  ra^Ul  lulies,  placed  in  ih?  centre  of  the  gas-Z>ole«^  aad  ertotioodd  to  tk  le^ 
face  odkv  buroer,  so  tlmt  the  ga«  lind  air  do  not  xnix  ttniil  btith.  luire  left  Ch<^ 
buFQii'rt  and  then  a  current  of  air  is  blown  through  thii  middle  of  etfli  j«t  4?f  ff 
Tho  bottom  of  th*3  K^-burnur  is  mai^e  to  nnacreWp  and  the  diTiKion  bet^t^it  ti*  t*- 
cbambern,  which  carries  the  air-tiibea,  is  easily  z^emovable  fop  the  piijp»c  of  Irs^ 
ch'tinixL  The  oas  and  aiu  pipes  ^nerally  used  m  the  inTentor'a  czpenm^ata  we  m^ 
half  an  inch  in  the  bore,  and  ten  mcbes  lioog;  the  gw  h^  v^iially  a  mmsan  vi\^- 
an  inch  of  water,  and  the  blast  of  air  about  ten  ttm«s  that  pressure,  Tbt  ^naiatfd 
gae  UfMid  in  an  hour  was  about  100  cubte  fbct.  The  atopoock  which  aBf^Jan  i(  Wi 
bore  of  half  an  ineb.  The  round  rod  repreietited  at  th<i  bottom  of  the  hona^i^  6tk 
ii  inti^ndoil  to  fit  it  to  tlie  support,  shown  by  ^,  iajigs,  505  and  50^, 

When  the  gas  is  lighted  and  tho  blast  of  air  is  put  on,  the  flame  pfodocfiiiiT  IW 
goa-bumor  is  quit^^  blue,  and  free  from  smoke.  It  ia  two  incbes  in  diamalcr,  ladlkn 
uicbet  higli,  and  the  pKjint  of  ^reat^st  heat  is  about  two  Inches  above  the  flat  het  4 
the  gaa-bunier.  Above  tbia  steady  blue  ilnmo  there  «ae«  a  flxckenng  _^ 
soTeml  inchea  in  height,  varying  with  the  preasure  of  the  gae.  In  tht^  blue  I 
plat  in  nm  wires  fuse  readily. 

When  the  grui  \&  burning:  in  this  mannef,  and  the  ftppar»tu9  ia  attai^ied  to  iodb 
tubes,  the  burner  may  be  inverted  or  held  sideways,  without  diet nrbtng  the  IhRtr 
TV  gtilarity  of  the  Same,  so  that  the  flame  may  be  direct^Ml  into  a  fumaoe  at  the  batt««k 
the  top,  or  the  side»  as  circii]zistanoo&  may  ri<)uirc. 

The  fallowing  artidea  are  used  in  building  up  the  gaa  fomacc  for  i^ilenMit  tm^ 
mentft.  They  raiy  in  size  aeoording  to  the  volume  of  tho  erucible,  or  the  «Hglt  ^ 
tho  metal  to  be  heated. 

1 .  A  circular  plate  of  flre*clay,  two  inches  thicks  with  a  hole  in  fhc  eenbv^  eoaitl^lt* 
ting  tho  upper  part  of  the  gas-burner,  which  is  made  to  enter  into  the  hole1hf«e-qMJttf« 
of  an  inch-     In  eiternal  dianieterj  this  clay  plate  agrees  witii  each  mme  of  f«ma«, 

2.  A  cylinder  of  fire-clay,  of  which  two  piwiea  are  required  to  coiMtituie  the  Udf  i 
eac^h  furnace.  In  the  midille  of  each  cylinder,  a  tnal^hole  is  made,  ons  inch  tn  «U> 
meter,  to  which  a  firft-cky  stopper  is  atiapted. 

3.  A  tire -clay  cylinder,  closed  at  one  end,  and  pierced  u«ir   the  ope>n  end  wili  « 
holes  of  half  an  inch  in  diameter.     The  thickness  of  the  €^j  m  immaleriaL    Tlw  <J*^  J 
lindi;r  is  three  inehea  high  mid  three  inches  in  diameter.  ■ 

4.  A  circular  pliito  of  flro-clay,  two  and  a  half  inchee  or  thn^  inchee  in  diaartcit 
and  one  inch  thick.     Similar  pieces  \  inch  thick  are  useful. 

5.  A  cylinder  of  plumbago*  to  be  used  as  a  crucible  support.  It  ia  thR>e  mAm  m 
iiiHitlo  diamftcr,  one  inch  in  height,  and  pierced  with  twelve  holee  of  three^^'ghlhs «fi» 
ineb  Itore. 

6.  A  siraikr  cylinder  of  plumbago,  two  or  three  inchee  high,  pierced  with  34  y^ 
of  threo-ei^bths  of  an  inch  bore. 

7.  A  thin  plat©  of  plumlmgo,  three  inches  in  diameter,  viz.  of  tlie  same  diioie<«t » 
the  cylindera  6  and  6.  It  has  a  small  hole  in  the  middle,  and  being  of  soft  vuUm^ 
the  hole  can  be  easily  cut  or  filed  to  suit  crucibles  of  any  d<^red  siae. 

To  suit  tho  larger  kind  of  crucibles  and  fumaees,  cyhidera  ar«  made  Teaeaifali]icli» 
above  in  form,  but  of  greater  diameter. 

As  in  lill  eases  the  heating  power  of  the  gau  ftirnaco  sprcada  laterally  aod  do*  ■* 
rise  vertically,  the  most  advisable  form  of  the  crucibles  required  for  u^e  in  it  is  jfcf* 
and  bro€td,  not  tall  and  narrow,  and  tho  supporting  cylinders  must  be  «iup^  iceoid- 
logly.  No  fire-bars  or  gnites  must  be  used  to  support  the  crueiblee  in  this  g^fuiwc^ 
bectinse  no  mftfcnnl  formed  into  narrow  bars  can  suJHciently  withstand  its  po««r  rf 
fusion  and  combUMtion, 

8.  A  plumbago  ^ylindiT,  or  crucible-jaclcet.,  two  and  a  half  inchee  high,  two  sad  s 
hidf  inches  in  diameter,  and  a  quarter  of  an  inch  tliick  in  the  walla.  It  has  six  holai 
of  three- eighths  of  an  inch  diameter  neitr  one  end. 

e.  A  circular  coTer  or  dome  {fy.  504)  flanged  at  the  bottom,  and  haTtnga  kiidl*  or 
hanille  ot  the  top.  It  is  pierced  with  24  holes  of  a  quaitar  of 
an  inch  in  diameter,  arranged  in  two  pow^  near  the  bottoai. 
This  dome,  when  of  small  siziv  is  made  of  plombago  *  wlirt 
large,  of  fire-clay.  ^^   ' 

10.  Plumljago  crucibles  made  with  a  soUd  orerhajigiag  D«. 
tho  use  of  which  is  to  suspend  the  crucibles  over  the  gas-barwr* 
by  means  of  the  cylinders,  Nos,  5  and  0,  When  the  eraablp 
lire  too  small  to  fit  the  cylin.lere,  the  flat  plate.  No.  7,  is  lllei  te 
''*  thfl  crucible,  and  is  then  plac«?d  on  the  cylinder,  toVlkjee  di»- 


Fig,  604, 


cr  it  is  adripted 
fire-clay  and  plumbngo, 

nace,  as  r««pre8entfd 


sustain  the 


neeeasary  to  be  provided  with  • 


*y  r,  in  /^,  506.  60ei 
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IfOH  pan,  in  whkh  to  pineo  the  furnace:  lund  a  quantity  of  prniTel,  or  irmnrletl  fliiifs, 
not  1«»  tlmn  Juilf  an  iueh,  nor  more  djan  one  mch  in  diumt^ter.  These  pobbk'**  form 
AH  eMentiul  pttrt  of  the  gaa -fnrniice. 

Gas-/uma££  kfoied  at  the  (op^  txhiinied  in  »tftian  ht/  Fiff.  603.-  fl  !«  thegas-liurapr. 
(Jig,  603)  J  b  \9  thfl  support  for  it,  when  used  below  the  furnace ;  o  \&  die  iron  tripod 
support  for  the  furnaM ;  rf,  d\  are  two  perforated 
el»y  phiteii,  tike  No.  1,  aciapted  to  the  gHs-hnmer 
a ;  e,  f^  are  two  cky  e}4inders,  like  No.  2.  Those 
pieces  a  to  f,  ore  similar  in  all  the  fumacea  lepre* 
rented  hjjios,  505  and  606. 

The  interior  of  the  fnmaee  it  bnilt  up  aa  follows : 
—  Thfl  clay  plate  d,  is  put  upon  tno  tripods. 
Over  the  centml  hole  in  rf,  the  elay  cylinder 
(No.  3)  i»  plated^  and  upon  that  cylinder  two  or 
three  of  the  ck^  plates  (No.  4).  Upon  these  a 
porcelain  or  platinum  crucible  is  pLiced.  If  it  i^ 
of  platinum^  a  piece  of  platinum  foil  may  be  put 
between  the  crucible  imd  the  uppermost  day  plate, 
to  protect  the  crucible  from  contact  witii  pttrticles 
of  iron,  or  agiUDSt  fusion  with  the  claj.  The  cru- 
cible is  to  be  covered  by  the  plumbago  jacket 
(No.  8).  The  space  between  thia  pile  in  the  ccntro 
of  the  fomacfi  and  the  two  cy liudera  f,  e^  which 
form  the  walls  of  thefttmacei  is  to  ho  Med  with 
fliat-stonea,  or  g^atel,  washed  clean  and  dried.  The 
tionea  which  answer  best  are  rounded,  water-worn 
pebbles,  of  half  an  inch  to  one  inch  diami*ten  Thi  se 
may  be  piled  np  to  the  top  eilge  of  the  jacket 
(No.  8).  The  number  of  clay  plates  (No.  4)  must 
bo  anch  as  to  bring  the  top  of  the  crucible^  to  the 
diftanoe  of  two  inche«»  or  two  and  a  half  luchea 
at  the  utmost.,  from  the  flat  face  of  the  gas-bumf  r  a. 
In  some  cases,  mertdv  one  of  the  furnace  cylinders, 
f,  is  nocessary,  in  wluch  case  the  crucible  and  ita 
jacket  ia  placed  directly  upon  the  cylinder  {No.  3% 
Mtd  when  only  a  moderate  heat  is  required,  ©Ten 
the  poekiiig  with  pebbles  may  be  diitpenaed  with. 
Another  means  of  diminiehing  the  heat  ia  to  in^ 
crca.«e  tlie  diatanofl  between  the  giLa-bnroer  and 
the  crucible. 

The  apparatus  being  thua  arranged,  the  gas  ia  to  bo  turned  on.  and  ligbtPi!  r  the 
blowing-niAchine  is  to  bo  put  into  action ;  and  the  nozalo  of  the  gna-burner  is  to  l>o 
depresaed  into  the  central  hole  of  the  clay  jihite  (f,  aa  shown  in  Jia  606.  The  wholn 
fopco  of  the  blue  flame  then  strikfs  tlie  crucible ;  part  of  it  forces  its  way  through  the 
holes  in  the  jacket  (No.  8),  anil  part  of  it  rises  and  passes  over  the  upper  eilge  of  the 
jacket;  after  which  it  forces  its  way  downwsrds  between  the  ptbblcs.  The  carlxmic 
acid  gas  and  the  vapour  of  water  wluch  result  from  the  combustion  of  the  gas,  together 
with  the  nitrogen  of  tho  air,  and  any  uncombined  oxygen,  accompany  it.  No  space 
being  left  op<»n  tor  the  escape  of  these  gu^cs  at  tho  upper  end  of  the  furnace,  they  go 
downwanis  through  the  interstices  among  the  pcbbhs,  and  passing  through  the  lKjle« 
is  th«  cylinder  (No,  3),  and  thmugli  the  central  hole  in  the  lower  plate  </,  fy.  505, 
edcApe  flna'ly  into  tlio  air.  In  this  progress,  the  hot  g)tse«  give  up  nearly  all 
their  heat  to  the  lliut-stones.  Water  and  gases  eecapc  below  at  a  very  moderate 
temperature,  water  even  running  down  in  tlio  liqnid  state,  while  the  stones  rapidly 
ftoquire  a  white  heat^  and  if  the  blast  and  tlie  supply  of  gas  la  continued^  they  retain 
tluit  white  h<  at  for  any  desired  len^h  of  time — for  hours. 

At  the  end  of  ten  minutes  after  lighting  the  gas,  the  cmcihle,  place*!  in  the  described 
cbenmstancea,  and  exposed  to  the  Ml  action  of  the  heat  of  the  gus,  and  surroundt  d  by 
sobstanoes  which  are  bad  conductors  of  heat,  is  raised,  with  the  jaeket  and  pebbles 
nround  it,  to  a  white  heat.  The  consequence  is,  that  the  full  power  of  the  gas  jet  is 
then  exerted  upon  the  crucible  and  its  c»jntents. 

If  it  is  desired  to  inspect  the  suljstance  subjected  to  the  action  of  hmt  in  thi»  furnace, 
the  gas-burner  is  lifted  out,  and  the  crucible  is  examined  through  the  hole  iii  the  clay 
pbt«*.  To  make  it  possible  to  imipect  substances  at  a  white  heat,  the  view  ih  takrii 
through  a  piec«  of  dark  cobalt-blue  glass.  If  the  su))$tances  submitted  to  heat 
suffer  no  harm  fh)m  the  action  of  oxygen,  it  is  better  to  disi>rnse  with  ft  crucihlo 
cover,  and  throw  the  jet  flame  directly  down  upon  the  suhatanee  to  be  heated,    Tlie 
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f!U!!tion  IS  tben  more  rapid.     VThea  th&  burner  is  taken  out,  the  substance  in  Uilf 
cruciblo  iL*an  be  stiiTL^d^  if  it  ia  eoiisiden?d  neeeasary. 

The  following  experiment  tsHU  give  an  idea  of  the  power  of  a  fiimafe  of  this  d« 
ticin.  A  oommoti  ckj  crticible,  three  inches  high  and  thrm>  inches  diaineti^r  at  iJir 
mouth,  TTM  filled  with  alKJUt  twi^iUy-four  ouiicea  of  caat  iron.  It  wus  mounted  like 
/</,  505,  in  n  furnaeo  of  four  iticheM  iiitenml  diamek^r,  and  eight  inches  de«p.  Thw 
pebblea  wjcro  filled  in  to  the  edge  of  the  crucible.  No  crucible-cover  and  no  jacket 
Wk^re  usiL'd.  The  flume  was  throTiim  directly  upon  the  iron.  In  u  short  tinn?  the  iron 
melted ;  the  oiygen  then  converti?d  iK>me  of  the  ctist  iron  into  magnetic  oxide  of  ifon, 
which  formed  a  thin,  infusible  miiss  on  the  puTface  of  the  cii»t  iron.  At  twenty  mixiat«i 
from  the  lighting  of  the  gas,  the  furnace  waa  dismounttd.  The  crucible  wa«  iiken  oat 
A  hole  was  liroken  by  an  iron  rod  in  the  infusible  surface  *^f  oxidised  iron»  itod  thm 
fused  caMt  iron  below  it  waa  decanted  into  a  mould,  and  made  a  clear  casting  weigtun^ 
twenty  ounces. 

In  the  same  small  famace  32  otmce«  of  copper  can  be  fused  in  fifleen  minntfiiL 
When  the  f^iniJice  ia  hot,  that  quantity  of  copper  or  cast  iron  can ,  be  fused  in  ten 
minutes. 

In  a  furnace  of  the  Buxna  dimensions,  but  with  a  gas-burner  having  only  six,  instcod 
of  sixteen  jet«i,  16  ounces  of  copper  or  of  east  iron  can  ha  completely  ftiBed^  in  ten 
minutCiJ  if  the  furnace  is  coLl,  and  in  seven  minutes  if  the  furnace  in  hot. 

These  experiments  show  thut  witliin  twenty  minut*^  a  heat  iB  prrxiucible  in  thia 
furnace,  which  is  more  than  sufficient  for  tlie  decomposition  of  isilicotes  by  fusion  with 
the  carbonates  of  potash,  soda,  or  baryta. 

Gas-furnace  heaUd  at  the  bottom,  rxhibitfd  in  aeetion  by  fie,  606, — In  this  fnmace 
the  porta  marked  a^  b,  o^  d,  f,  «,  are  the  same  na  those  simLiarly  marked  in>K/.  604; 


Fig.  m^. 


but  the  gas-burner  is  in  this  case  pat  inta  th«  boltoni 
of  the  furnace,  iuBtead  of  the  top,  and  the  armn^ire^ 
ment  of  the  crucible  und  its  support  is  altered  in  tb^ 
manner  shown  by  the  lignre.  Upon  the  centre  of 
the  clay  plate  d^  the  perforated  plumbago  cylinder  and 
cover  (Noe.  5  and  6)  are  placed  ;  und  upon  them  % 
flanged  plumbago  crucible.  The  «ize  of  toe  crucible^ 
and  the  height  of  the  perfomted  cylinder,  are  to  b* 
so  adjusted  that  the  l)ottom  of  the  crucible  shall  be 
struck  by  the  hottest  part  of  the  gas  flame;  that 
i*j  to  say,  the  space  left  between  the  face  i>i  the  gas- 
burner  and  the  hottem  ui  the  crucible  must  not  ex* 
ceed  2 J  inchea.  The  crucible  is  provided  with  a 
closely  fitting  cover,  and  pebbles  aro  then  filled  in 
betwwn  the  crucible  jacket  and  the  ftimace  cylin* 
der  c,  and  are  eovi^red  over  the  crocible  until  both 
the  pieces  of  the  furnace  f»  r,  atv  filled.  The  ga« 
15  then  lighted*  the  blast  of  air  is  s<^l  on»  the  g»i»- 
burner  is  forced  up  into  the  hole  in  the  clay  pUt«  d^ 
und  the  operation  proceeils.  In  from  ten  to  twenty 
minutes  after  the  ga.<i  i^  lighted-— tlus  difference  ctf 
time  depending  upon  the  size  of  the  furnace  and  thd 
weight  of  the  metal  contained  in  the  onunblo— tlui 
inlerior  of  the  lower  cylinder  e  acquires  ft  white  heiJL 
The  progreaa  of  the  operation  can  be  watched  by 
occasionally  removing  lie  stone  peg  in  the  tnal  hole 
of  the  furnace  cylinder  e.  The  hcftt  very  slowly  ascenih»  into  the  upper  cylintler.  and 
it  noirer  becomes  so  great  in  the  upper  as  in  the  lower  cylinder.  The  fcreatf^t  fusing 
power  of  the  furnace  is  confined  within  a  vertical  spiice  of  about  six  iuchcji,  reckoning 
frum  the  botlora.  The  power  of  flint  pebblew  to  abstract  beat  from  the  gases  which 
pasH  thrungh  tliiH  appuratu'^  is  quite  renmrkuble.  When  about  six  inches  of  pebfali« 
lie  above  the  crueiljle,  and  the  crucible  and  the  pebble*  about  it  have  been  white-hot 
for  half  an  hour,  (he  hand  can  be  held  over  the  top  of  the  furnace,  within  a  few  in.^he* 
of  the  pebbles,  without  inconvenimce.  It  becomes  wtttcii  with  the  vapour  which  riiM 
from  the  furnace,  but  fvels  only  a  moderate  degree  of  heat. 

This  form  cjf  ftirnaee  is  attended  with  the  inconvenience  that  the  eondilicMi  of  th« 
matt^^r  contameil  in  the  crudble  cannot  be  exumined,  so  as  to  ascertain  when  the  heat 
has  been  continu- d  long  enough.  In  cxises  where  the  fusion  is  performed  rv^w^atodly 
on  the  same  weight  of  metal,  this  would  be  of  no  importance,  because  tlje  powur  of  the 
furnace  is  so  sternly  anrl  r<»gular.  that  the  time  of  firing  which  1ms  been  found  to  an* 
fiwir  once  will  answer  the  same  purpose  agsiin. 

When  it  is  supposed  thut  the  fusion  of  the  metal  •ubmitted  to  triftl  is  oomplel^d,  the 
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gas  is  first  to  be  turned  off,  and  then  the  supply  of  air  stopped.  Tlio  fUmace  may 
either  be  allowed  to  remain  intact  till  it  is  cold,  or  it  mav  be  lifted  off  the  cylinders 
e  e  with  tongs,  and  the  hot  stones  allowed  to  fall  into  the  iron  pan  placed  below  the 
furnace  to  receive  theuL  A  few  bricks  should  be  laid  between  the  pan  and  the  table 
or  stool  on  which  it  rests,  if  the  latter  is  made  of  wood;  because  the  heat  given  off  by 
the  pebbles  is  very  great.  The  pebbles  being  raked  away  from  the  crucible,  the  con- 
tents of  the  latter  can  be  examined. 

Mr.  Griffin  has  also  contrived  forms  of  the  gas-furnace  provided  with  a  lift;ing  appa- 
ratus to  afford  access  to  the  crucible  during  the  progress  of  the  operation.  For  figures 
and  descriptions  of  these,  see  GriffirCa  Chemical  BccreaiionSf  10th  edition;  also 
Griffin! 8  Scientific  Circular,  December  1869. 

Chwe's  Qmm  I'liniaoe*  This  furnace,  invented  by  Mr.  G.  Gore,  of  Birmingham 
(who  has  kindly  communicated  the  description),  is  similar  in  principle  to  the 
furnace  represented  in  figure  500,  and  is  well  adapted  for  heating  small  crucibles 
to  high  temperatures. 

A  {fig.  607)  is  a  cylinder  of  fire-clay  about  9  inches  high  and  6  inches  diameter, 
open  at  both  ends,  and  with  a  hole  in  its  side  near  the  bottom  to  lead  into  the  chimney ; 
it  is  covered  by  a  movable  plate  of  fire-clay,  b,  with 
a  hole  in  its  centre  for  intnxluction  of  the  crucible  or 
of  substances  to  be  melted :  this  hole  is  closed  by  a 
perforated  plug  of  fire-clay,  o,  for  access  to  the  con- 
tents of  the  crucible;  and  that  again  is  closed  by 
another  stopper  of  clay,  d.  b  is  a  chimney  of  sheet 
iron  about  5  or  6  feet  high,  kept  upright  by  a  ring 
of  iron,  f,  attached  to  the  top  of  the  furnace. 

The  fireclay  cylinder  is  enclosed  in  a  sheet  iron 
casing  with  a  bottom  of  iron,  to  which  are  fixed 
three  iron  legs,  o.  An  iron  tube,  H,  with  a  prolong- 
ation, I,  supports,  by  means  of  the  screw,  the 
burner  k  and  its  tube  l,  which  is  open  at  both  ends. 
Gas  is  supplied  to  the  burner  by  means  of  the  tap  m, 
which  has  a  small  index  n,  attached  to  it  for  assist- 
ance in  adjusting  the  gas. 

Inside  the  larger  cylinder  is  another  fire-clay  cy- 
linder or  cupola,  o,  with  open  ends,  and  with  three 
projections  of  fire-clay,  p,  for  supporting  the  crucible  q  ; 
It  is  kept  steady  by  means  of  three  clay  marbles,  r. 

The  gas-burner  is  a  thin  metal  cylinder  deeply  cor- 
ragatod  at  its  upper  end,  with  the  corrugations  di- 
minishing to  nothing  at  its  lower  end. 

The  action  of  this  furnace  is  as  follows : — Gas  is 
admitted  to  the  open  tul^  l  by  the  tap  m  ;  it  there 
mixes  with  air  to  form  a  nearly  explosive  mixture, 
which  ascends  through  the  burner  and  bums  in  the 
clay  cylinder,  o,  being  supplii>d  with  the  remainder 
of  air  neccHsaiy  to  complete  combustion  through  the  ' 
tube  H,  to  the  outer  surface  of  the  flame  by  means  of  the  spaces  between  the  corruga- 
tions. The  flame  and  products  of  combustion  pass  up  through  the  cylinder  o,  and 
then  downwards  outside  it  to  the  chimney,  the  point  of  greatest  heat  Ixang  at  q.  It 
is  important  in  using  this  furnace  that  the  burner  be  placed  quite  in  the  centre  of  the 
bottom  of  the  tube  o ;  also  that  a  crucible  of  not  too  large  nor  too  small  dimensions  be 
sclpcted.  The  most  suitable  way  of  supporting  a  smaller  crucible  is  by  placing  it  in  a 
larger  one  that  has  had  its  upper  parts  broken  off.  If  desirable,  a  little  clay  luting 
may  be  placed  round  the  top  edge  of  the  iron  casing  to  exclude  air  entering  between 
it  and  the  cylinder ;  also  a  little  thin  clay  luting  upon  the  part  of  the  bottom  of  the 
furnace  where  the  inner  cylinder  rests. 

In  lighting  the  furnace,  the  plugs  c  and  d  are  removed,  a  light  held  within  the 
opening,  and  the  gas  turned  on  full ;  should  the  fiame  blow  down  to  the  bottom  of  the 
tube  L  on  lighting  (which,  however,  rarely  occurs  unless  the  fnmace  is  already  hot), 
the  gas  rau«t  Ihj  turned  off  and  the  bottom  end  of  l  momentarily  c1os*hI  whilst  lighting 
the  gas  as  l)efore.  Should  the  fiame  not  bum  down  to  the  burner,  but  only  bum  at 
the  orifice  in  the  clay  plate  b,  it  must  at  once  be  extinguishe<l  and  relighted,  otherwise 
some  of  the  gaseous  mixture  will  pass  into  the  chimney  unbumed,  and  subsequently 
ignite  and  cause  an  explosion.  A  large  fiame  now  issues  from  the  top  orifice,  and  is 
white  if  too  much  gas  is  on,  and  violet  or  red  with  the  proper  quantity.  This  flame 
generally  diminishes  apd  nearly  disappears  into  the  body  of  the  furnace  in  the  course 
of  one  niinute :  whether  it  does  or  not,  the  annular  p)i^  c  should  now  be  inserted,  which 
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vUl  compel  it  to  paes  do^K^ninirds  to  tbe  ditmncj  ;  and  as  soon  as  the  mmW  fenuusiag 
flame  diMpppars  or  ne»irly  diwippears,  as  it  will  in  a  few'  Beconds^  ll>e  wndl  frtojrprr  o 
sliould  also  he  insert t^  ;  instead  of  this  tbe  ]arce  flame  may  be  deflected  against  tli« 
cMnmey  hy  means  of  a  shoot  or  bent  piece  of  sheet  iron  until  it  withdruwe  inirards ; 
the  pings  c  and  n  may  then  be  reitiseited^  and  the  gaa^tap  pojtly  adjust csL  The 
rmcible  may  be  placed  in  the  furoae*^  either  before  or  some  time  after  the  act  of 
lighting,  but  not  immediately  after  (if  the  furnace  is  cold),  or  explosiong  may  occur  by. 
unbnrned  gaseous  mixture  passing  the  crucible  into  the  chimney  Bnd  igniting  afterwards. 

Afti^r  about  Ave  miuutes,  the  gas  should  be  adjusted  until  a  sound  ia  heard  inaida 
like  a  Bories  of  gmail  explosions.  This  sound  is  somelimas  not  Teiy  distinct,  espe- 
cially at  high  tt'mporaturt'8,  and  therefore  requires  a  little  txperience  in  the  use  of  the 
furiiiice  in  order  to  be  detected ;  it  is,  howcTer,  a  chief  guide  in  determining  the  proper 
amount  of  jrnii,  and  should  therefore  be  carefully  studied.  To  assist  in  adjusting  the 
gafl,  it  will  l>e  found  very  naeful  to  place  a  small  piece  of  looking-glaAS  beneath  the 
tube  I ,  and  to  adjust  the  gas-tap  until  the  flame  between  the  burner  and  the  cmcible 
uppeart*  wholly  violet  or  filigbtly  whit* ;  but  this  teat  is  liable  to  fallacy  if  employed 
when  the  gas  is  just  lightpd,  because  the  coldness  of  the  part*  makoa  the  flame  much 
whiter  than  it  otherwise  would  be  ;  it  ia  also  fuUacioas  when  the  flame  is  very  hot,  the 
flame  api>*'sinng  whiter  tlmn  it  really  is  ;  it  ia,  however^  of  great  sasiatance  alfitiler- 
mpiliate  temperatures.  A  ro\igh  deposit  of  carbon  upon  the  outer  edge  of  the  crucible 
indicatcit  an  exeesa  of  gas. 

Leas  gas  is  required  with  a  cniciblo  in  the  fumaco  than  \irithout  one ;  also  less  ia 
necessary  when  the  nmall  h^ic  at  the  top  of  the  furnace  is  open  than  when  it  ia  <do«ed ; 
And  less  is  uIho  recj^ircnl  when  the  furnace  \b  cold  than  after  it  has  been  lighted  soma 
time,  because  the  draught  graduaUy  increasea  and  dniws  in  more  air.  Alter  hATing 
accurately  adjust e<l  the  giis,  no  furtli^r  attention  to  the  fumaiOe  is  roquisita. 

Having  once  found  the  projier  adjustn\ent  of  gas  under  certain  known  circnmstanc«a, 
it  is  well  to  Bofice  the  position  of  the  index  N,  in  order  to  be  able  at  once  to  adjust  it 
to  the  right  point  on  other  occu^sion**.  The  gas  should  he  supplied  by  a  pipe  of  not 
leas  than  }ths  of  an  inch  bore,  with  a  main  pipe  of  half  an  inch  ;  but  all  depends  ujion 
the  pressure  of  gas  at  the  particular  locality,  which  i»  very  vanaUe,  The  consumption 
of  ^ns  varies  from  30  to  40  cubic  feet  per  hour. 

The  tfip  of  the  chimney  should  be  placed  in  a  position  where  the  produicta  of  com- 
bustion can  pa£<^  freely  a^i^ay  ;  if  it  is  placed  in  an  opening  or  pip&  teadioe  to  another 
chimney,  care  must  be  taken  not  to  have  the  draught  too  powerful,  otherwise  the  heat 
will  be  drawn  more  into  the  chimney,  and  the  supply  of  gaa  in  the  daytime  may  be 
found  rather  deflctent.  The  fm*nace  will  act  satudkctortly,  thoueh  less  powerfulh, 
with  the  chimney  standing  in  an  open  room,  without  any  special  onUet  for  tie  product-, 
of  combufltion,  provided  the  full  height  (6  feet)  of  chimney  is  emplo^red;  uudcT  other^ 
circumalances  a  chimney  4i  or  6  feet  in  height  may  bo  used. 

This  furnace  will  readily  melt  half  a  pound  of  copper,  or  six  ouncas  of  caat  ir 
It  rcHjuires  from  20  to  30  minutes  to   acquire  its  highest  temperature",  and  thm  tk 
entt'ducf  part  of  the  chimnfi/  e^hibiis  a  faint  rfd  heat  in  dat^li^hi;  if  it  exhibits  muo 
moro  than  this,  the  draught  is  too  powerful. 

Whtn  the  email  hole  d  is  open,  somti  air  is  drawn  in  that  way»  and  less  air  j 
up  with  the  gas  through  the  tube  o;  but  this  cold  air  doea  not  mach  diminish  the  ten 
perature  of  the  crucible,  because  it  combines  with  the  exccas  of  gas  now  pwasing  over  th 
eilge  of  the  itiiier  cylinder;  il  however  renders  the  flame  round  the  crucible  white  by 
dt^fidency  of  air,  and  this  should  be  partly  correctf.^  by  lessening  the  amount  of  gas. 
Ail  excess  either  of  air  or  gas  renders  the  eurfiico  of  melted  copper  dull. 

When  it  in  dt^imble  to  avoid  entirely  the  contact  of  air  with  the  fused  sut«tance 
during  luanipulaflon,  a  thin  (lud  narrow  ring  of  fireclay  should  be  placed  upon  the  top  of 
the  tube  o^  to  D^titract  ifa  opening ;  the  flame  then  completely  closes  over  the  top  of 
tlie  crucible  and  prevents  access  of  air.  A  proper  adjustment  of  gas,  together  with 
exclusion  of  air  in  thin  manner,  enables  a  perfectly  bright  surface  of  melted  copper, 
or  t^ven  tin,  t4>  be  coiitinuouwiy  maintained,  from  which  the  images  of  the  parts  above 
aro  clearly  reflected.  The  clay  ring  may  be  withdrawn  by  lifting  the  plate  b.  A  leas 
perfect  eicluition  of  air  tnny  be  obtained  by  employing  a  narrow  crucible  placed  rather 
low  down  in  its  supii<>rt,  A  sm aU  iron  dish  should  be  placed  buncath  the  tube  l,  to 
peceiA-e  any  melted  wulistance  that  may  fall. 

For  descrlptiona  of  gaK-fumaees  for  organic  analysLt,  sec  vol  i.  p.  229. 

GASPS,  ABSOmpTlOW  or,  ST  X^Q17XI»8  AM'I»  fiOZiZSS,     All  ioltd  f 
liquid  subfiinre^  iili«r»rb,  or  condense  in  tlieir  ptireH.  or  on  their  HuHiu^es,  Certain  deflmt« 
quantities  of  every  g.-weous  liody  with  which  t bey  are  placed  in  contact*     The  amc 
of  gas  thufl  absorbed  depends,  in  the  first  place,  on  the  properties,  both  chemicail 
pliysical,  of  the  Imdi^s  brought  together,  and,  secondly,  on  the  temperature  and  pr 
under  which  the  absorption  occurs. 
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Afl  «  general  rule  soIidB  absorb  leas  gas  than  tbo  Kame  Tolume  of  liqiiid  liodlefi  ;  and 
in  the  eii80  of  Bolidjs,  those  of  wliich  u  given  voiglit  coutaiufl  the  Largeat  eurfaro  or 
whkh  «ro  most  porous  take  up  the  larpwit  quantity  of  gas.  We  are  as  yet  alto^ftfther 
unacquainted  with  the  law  TrhioJi  reguldtcfli  the  amomit  of  gas  absorbed  by  any  trolid  or 
lti|ind  eubstiinec  under  any  condition  whoterer;  any  knowledge  which  we  possesa  con- 
cerning the  alHSorjitire  powers  of  Ix-Miies  for  gases  must  therefore  be  entirely  empirical 
The  Tolanie  of  a  gag  which,  under  certain  fixed  conditions  of  temf»erature  and  pressure, 
h  abaorbed  by  the  unit-rolume  of  any  solid  or  liquid,  is  a  fixed  and  definite  quantity, 
tod  is  called  tho  **  Coefficient  of  Absori)tion  "  of  the  body  for  that  particular  gas. 
TheM  coeffieient^  of  absorption  have  been  determined  with  iiceunMy  for  Tarions  liqnid 
and  gaaeoos  bodies^  and  certain  rektionB  existing  between  the  yolume  of  gus  and  the 
temperature  and  preaeure  under  which  it  ia  absorbed  have  been  aatisfactorily  esta- 
blisoed*  In  the  caae  of  Bolid  bodies,  on  the  othetr  band,  the  rocfilcients  of  absorj^tioa 
aTL^  not  capable  of  such  easT  and  accurate  determination,  pcirtly  owing  t^  the  intpoaai- 
biiity  of  obtaining  the  BoLid  matter  always  under  lilie  conaitiona  as  regards  its  state  of 
aggregat^ion,  and  partly  becaniae  the  amount  of  gas  absorbed  by  solid  bodies  is  in  gene- 
ral extremely  amalL 

1,  Absorption  of  Ga9ta  h^  Liquids. — Gasea  are  absorbed  by  liquids  under 
two  distinct  sets  of  kva,  according  as  the  gas  enters  into  chemical  combination  with 
the  Hquid  or  not  Absorptions  of  the  one  daas  are  simple  chemical  combinations^  in 
whicli  the  gaa  in  absorbed  in  fixed  proportions,  reguhited  by  the  known  biws  of 
ch<"mical  action,  independent  of  alterations  of  preastire  or  temperature  :  exampU'S  of 
tbia  class  of  phenomena  arc  found  in  the  absorption  of  carbonic  add  or  t'hlorine  gtt«  by 
a  solution  of  caustic  soda,  or  that  of  chlorine  or  hydrochloric  acid  gas  by  alcohol  Tho 
second  class  of  nbfiorptions  inchidcs  the  casc«  in  which  the  absorbed  gas  does  not 
enter  into  any  definite  chemical  combination  witli  the  absorbing  liquid^^  and  its  amount 
is  rariable  with  tlie  temperaiture  and  pressure  under  which  the  saturation  ot'curs. 
The  one  class  we  may  t-erm  chemical,  the  other  phy.^ical  aksorptions^  Of  the  pht' no- 
men  a  of  chemical  absorptions  we  shall  not  lure  treaty  exceI^t  in  a  few  cases  in  wliich 
a  gas  enters  into  chemical  combination  with  a  liquid,  by  which,  at  the  same  time,  it 
is  absorbed  physically.  It  is  the  phenomena  oi,  and  the  laws  relating  to^  the  pby*tieal 
abwrption  of  gases,  which  here  more  immediately  concern  us* 

The  amount  of  a  gas  absorbed  by  a  liquid  upon  which  it  exerts  no  direct  chemicjil 
action,  is  dependent:  (L)  on  the  specific  nature  of  the  gas  and  of  the  liquid  ;  (2  }  ^a 
the  ttnnperature  nt  wbicbthe  absorption  takes  place;  (3,)  on  the  pressure  under  whiih 
the  abfM:iirpf  ion  takes  place.  That  the  amount  of  absorbed  gas  depemls  in  the  first 
place  upon  the  chemical  nature  of  the  gas  and  of  the  liquid,  is  seen  from  the  fact 
that  the  m>1  ability  of  different  gases  in  tho  same  liquid  and  of  the  sjime  gas  in 
difiiTcnt  liquids.  Taries  extrt^mely.  Thus,  for  example,  1  Tolume  of  water  at  0°  C. 
alisorbs  000193  Tolumea  of  hydrogen,  I  7067  Tolumes  of  carbonic  acid,  and  11800 
volumes  of  ammonia  ;  thus,  too,  whilst  I  volume  of  water  at  0*^  C»  absorbs  only  02563 
volumes  of  olefiant  gaa,  I  Tolume  of  alcohol  at  the  same  temperatui«i,  absorbs  35 9 5 
Tolumes, 

The  law  which  expresses  the  relation  existing  between  the  quantity  of  any  absorbed 
gas  and  the  temperatiire,  appears  to  be  on  extremely  complicated  one*  to  the  nearer 
ftrt^uointance  witb  which  we  havo  a*  present  but  litlle  clue ;  so  that  the  Tariation  of 
the  amount  of  absorbed  gus  with  the  temperature  must  in  every  case  be  determined 
by  direct  experiment.  As  a  general  rule,  the  volume  of  pas  absorbed  decreases  with 
incz«aae  of  temperature,  and  vie*  vcrs^  /thus  1  volume  of  water  at  <PC.  dissolves  68-61 
vdumes  of  sulphurous  acid*  bat  (lie  sump  volume  of  water  at  24*  dissolves  only  31  8 
volumes;  thus  also,  1  volume  of  alcohol  at  0^  absorb*  17-891  volnmea  of  sulphuretted 
hydrogen  gas,  whereas  at  24^^  the  quantity  absorbed  is  only  fi-956  volumes.  Thia 
rule  is,  however,  not  without  its  exceptions ;  thus,  for  exaonple,  hydrogen  is  cqoallj 
soluble  in  water  between  the  temperatures  of  0*=*  and  25^  1  volume  of  water  b^^tween 
tbeae  temperatures  dissolving  001 03  volume  of  this  gas;  and  tbus  ahso,  for  tempani- 
tnrfs  varying  from  0°  to  2l>^,  I  volume  of  alcohol  dissolves  a  ^nstftut  amoont  of 
oxygen,  namely,  0-284  volume.  In  the  caae  of  many  of  the  le«i  soluble  gases^  tba 
alteration  in  tho  abaorbed  volume  effected  by  changes  of  temperature  Ij-ing  within  the 
range  of  eaay  experimentation  ia  so  small,  that  it  can  only  bo  detected  by  accurate 
observation ;  indeed,  the  earlier  chemista,  espt^cially  Dalton,  believed  that  the  amount 
of  gas  absorbed  was  entirely  independent  of  the  temperature. 

A  simple  relation  has,  however.  Ijeen  found  to  exist  between  the  amount  of  absorbed 
gaa  and  the  pressure  under  which  the  absorption  takes  place.  Within  certain  limits, 
which  we  shall  presently  more  nearly  define,  the  quantity  or  weight  of  gas  absorbed 
varic*  directly  as  the  pressure*  Tho  general  fAct  that  under  incrcttied  pressure  the 
amount  of  al«orbcd  gfts  is  greater,  ha*  been  known  for  a  longtime,  andwas  pointed  out 
by  Cavendish  and  Priestley  ;  but  the  exact  kw  was  first  enuncUted  by  William 
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Henry,  b  thp  rhilcraophittil  TmnsacHoiiB  for  1803,  in  the foUowiog  word*  : — "Undijf 
equal  circumfttjuicefl  of  tcmperiituri^  WAiet  taken  up^  la  tdl  casea,  the  same  Tolume  of 
c6iideiiBed  gas  as  of  ga«  under  ortlinary  piwisuFe.  But  its  the  ipiices  occupied  by  eretj 
gas  an*  inrwrsely  as  the  coraprpflsing  force,  it  follows  that  water  takes  up  of  gaa 
condcOBCHl  by  on<>^  two,  or  more  additional  atmospheres,  a  quantity  whidi,  ordinanly 
compresftiHl,  would  be  t'qual  io  twic*'-*  tlirice,  &p.  the  volume  ubsorbed  under  tho  commao 
pressure  of  the  atmo«ph<'re."  Thu.%  for  iustance,  water  at  15°  C.  absorbs  ita  own  bulk 
of  carbonic  acid  under  whatever  pressure  the  absorpriou  may  take  place ;  and  if  lh« 
ppe«sure  in  tho  one  cam  be  1,  ana  iu  tho  other  2»  3,  4,  &e.,  the  quantity  or  weight  of 
giis  absorbed  under  the  Tarioos  preneures  is  a«  I  to  2,  3,  4,  &c. 

This  simple  relation  hobls  good  within  certain  limits  only»  because  Boyle'a  law  (that 
the  Tohime  of  ii  gas  is  inTersely  proportional  to  the  pressure  to  which  it  is  sabjeetedX 
upon  which  this  relution  is  btieed,  h  strictly  correct  for  all  gu^es  only  within  a  certain 
range  of  prcsu^ure^  aud  in  the  case  of  the  more  coDdensable  gases,  as  carbonic  acid  anil 
ammonia^  this  nmge  does  not  diverge  far  beyond  tho  ordinarr  presaup©  of  the  atmo* 
sphere.  The  exact  limit  above  and  below  the  normal  atmospheric  pressure  at  which 
this  relation  of  the  ab^rbed  quantify  of  gas  to  tho  pressure  ceases  to  be  exacts  htn 
as  ypt  been  experimentally  determined  in  one  or  two  cases  only. 

Wbcn  a  niixtuiN?  of  two  or  more  ^a^es  is  allowetl  to  remain  in  contact  with  a  liquid 
with  whi^h  none  of  the  fniaes  enter  into  chemical  combination,  a  portion  of  each  gas  ts 
absorbed ;  but  the  liquid  does  not  dissolve  so  much  of  ivny  onn  gas  as  it  would  have 
done  if  that  gas  alone  bad  been  present.  The  quantity  of  each  gas  abaorbedj  ii  in 
this  case  also  dependent  u|>on  the  pressure  which  each  gas  exerts  on  the  liquid.  When 
two  or  more  gases  having  the  volumes  r,  Vi,  v^^  &c,  each  measured  under  the  pressure 
J",  are  brought  together,  they  diffuse  into  each  other  until  the  particles  of  csich  an* 
extended  equally  throughout  the  total  space.  If  the  pressure  which  the  gas  t*  exerts 
before  mixing  was  J',  the  pnaisure  after  mixing,  Pj,  is,  according  to  Boyle's  law,  equal 

to ■.  P;  that  on  i',  is ■.  P;  and  that  on  f-  i« — ^^ ^  P, 


V   -t-    Vy    +     t»- 


f  +  f'l  -♦-  e- 


the  stim  of  these  pressures  being  equal  tj>  the  original  pressors  P.  This  piwiaiire  exerted 
by  ont'  of  a  mixture  of  gases  on  the  inclosing  space  may  be  termed  ^paHial  pressure/* 
in  contradistinction  t^  me  sum  of  these  or  the  *'  total  pressure/*  As  the  amount  of 
a  single  gaa  ab^irbcd  by  a  liquid  ia  proportional  to  the  total  pressure  of  the  expoiimont, 
BO,  in  a  mixture  of  gases.  Is  the  absorbed  amount  of  each  proportional  to  toe  partial 
prciware  on  thjit  ga*.  This  law  regulating  the  absorption  of  mixed  0ises  by  liqnids 
(whit'h,  in  fact,  inelodejH  Henry's  law  for  total  pressui'p*),  Wiis  first  stated  by  D alto n  in 
a  paper  on  the  abttoq>tion  of  flutes  in  liquidi*^  published  iu  the  Manchester  Memotn 
for  1805,  cuntaining  a  mnsterly  theoretical  treatment  of  tho  whole  subject*  In  this 
pHiK'r,  Dalfon  dii^'usses  all  the  cases  of  tho  absorfitionof  gases  by  liquids,  and  develops 
tho  law  whiL'h  regulirtos  the  absorption  of  two  or  more  g«ses  when  tlipir  volume  i«  infi- 
nitely large  as  compared  with  that  of  the  abftorbing  liquid,  as  also  the  hiw  regulating 
the  absorption  when  the  volume  of  tho  gases  has  a  ftnite  relation  to  the  liquid,  showing; 
in  this  last  csise,  that  the  absorpttometric  cquilibriiuii  occurs  when  the  pressure  of  each 
gas  dissolved  in  the  liquid  is  equal  to  that  of  the  portion  of  tho  gas  which  T^miiios 
unabsorbeil  alwve  tlie  liquid,  ^though,  as  we  shall  see,  these  theoretical  iH^sults  aw 
correct,  tttill  many  of  Dalton's  ideas  regarding  absorption,  being  founded  on  incomplete 
and  iiiaceurato  data,  have  sinc^  proved  false;  thus  for  lust^ince,  he  picturtxl  to  himself 
the  act  of  absorption  as  nothing  else  than  an  inftltaiaion  of  the  liquid  by  the  molecules 
of  the  gas,  and  hence  assumed,  his  experiments  not  teaching  him  otherwise,  that  all 
noQ- viscous  liquids  absorb  a  like  quantity  of  tlie  same  gas,  and  that  temperature  does 
not  affect  the  alT«orption ;  and  he  expresses  the  difficidty  which  he  has  to  account  ^^r 
the  fact,  too  evident  to  be  overlooked,  that  different  gases  are  absorbed  by  the  same 
liquid  in  such  Vf^ry  various  quantities. 

Hi?ncL%  owing  to  the  incomplete  nature  of  Dalton*!?  experiments,  and  notwithstuniling 
the  fact  thai  Ssmssure  afterwards  occupied  himself  with  the  subject,  the  l^"  ->'  — ^, 
6urc5  must  l>e  considered  as  having  remained  without  a  aound  experimental  I 

the  recent  exact  determinations  of  B  u  n  se  n  and  his  pupils  *  placed  the  quest  i  i 

a  doulit,  pr^mng  that,  within  the  limits  before  mentioned,  the  laws  of  Diiltan' and 
Henry  are  founded  on  fact. 

In  order  to  t>o  able  to  compare  the  solubQity  of  the  various  gases  in  liquids,  it  is 
UMial  to  cb'termino  the  volume  of  gas,  measured  at  the  standard  temperature  and  prrfu- 
aure  ((F  C,  and  0-78m-  pressure  of  mercury),  which  is  absorbed  und^r  a  pressure  tyt 
0  76m.  of  mercury  in  1  volume  of  liquid  at  the  t^^mpcrature  of  obsorvntiori,  and  this 
Tolume  IS  callcHl  the  ^*  Coefficient  of  Absorption'*  of  the  gas  in  the  liquid. 

?»i*ii^.?"rii' ti''i'i?'"Ti-!^*'^  A',;,li.h,  J^ndnn  :  WaUon  an,l  T^fabrr^y,  1»57,  irtlrk,  Ab.orf^lo«  j  mU«» 
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The  methods  adopted  bj  Butirco  and  hi«  pupilB  for  the  ilf>trrnunfitj<5ji  of  the  co- 
cfficieiit*  of  absorjitioa  of  giises  hj  wat«r  and  alcohol^ — for  thcftt-  iiro  th<>  only  liquids 
trhioh  have  as  yH  been  empkiyetU—varied  according  to  the  wslubihty  of  tlie  gm  id  tht* 
Hqtiid  neeti.  Iq  the  ease  of  the  rery  soluble  gases,  the  amouDt  of  the  tibfiorl>e<l  gas 
WH«  rjetermined  diemically  ]  in  the  case  of  the  lass  soluble  gufics^  a  peculiar  eudiotuctrio 
process  was  adopted* 

The  gases  wnose  snlubilify  has  been  defermin«Ml  by  ehoroical  methods  sre^  nul' 
pkurfttfd  kydroffen,  sulphurous  ctcid^  ammonUt^  and  chlorine;  these  gases,  erolvpd  in 
n  state  of  puritVt  urer©  piissod  for  a  long  time  through  a  large  Toliune  of  liquid,  vhich 
had  been  freed  firom  air  by  long  continued  boiling,  und  was  kept  at  a  eonatant  tem^ 
pernture  during  the  experimpnt.  Afttpr  the  ga»  had  passed  so  long  thi^ugh  the  liquid 
that  the  latter  was  completely  saturated,  the  barometric  presBurs  was  read  off  and  a 
known  Tolume  of  the  liquid  was  withdrawn,  special  preoautioBs  to  aToid  possible  loss 
of  gas  being  obserrsd,  and  the  gas  cont^iined  in  this  liquid  qiiantitatirely  detennined 
either  by  means  of  Tolnmetric  analysis  or  by  the  other  ordinary  processes  of  analytical 
ehemistiy. 

If  the  Toliime  of  the  liquid  does  not  undergo  any  appreciable  increase  in  bulk,  owing 
to  the  absorption  of  the  gas,  we  are  able  easily  to  caJeulato  the  coefficients  of  ahsorp- 
lion  fpora  the  data  obtained  by  this  process.  If,  however,  as  is  the  iiaae  vrith  all  the 
more  soluble  gases,  the  Tohinie  of  the  saturated  liquid  is  considerably  larger  than  that 
of  the  liquid  before  saturation,  it  is  neccsfaTT,  either  to  dcteniiinc  the  amount  of 
this  increase  of  bulk,  or,  what  is  the  same  thing,  the  specific  gravity  of  the  saturated 
solution,  or  ebe,  by  a  modification  of  the  process,  to  satiiTHte  only  a  small  volume  of 
liquid,  and  to  determine  the  absolute  quantity  of  gas  absorbed,  by  weighing  before  and 
af^er  the  saturati'  n.  As  an  example  of  this  cjilculation,  we  may  choose  an  actual 
eiperiraent  of  the  determination  of  the  solubility  of  enlphurous  acid  in  alieolate  alcohol 
at  20^,  It  was  found  that  4  volumes  of  the  alcohol  saturated  witb  sulpkuroiiB  add 
at  20''  C.  and  under  a  pressure  of  3*7438  ro,  of  mer- 
mry*  contained  1092  grms.  of  sul tihurous  acid : — re- 
quired the  Tolame  of  gas  at  0*^  and  Owti  contained  in 
the  unit-volume  of  pure  alcohol,  when  the  specific  gra* 
vity  of  the  salurated  solution  at  20^'  is  09404,  and 
that  of  the  pure  alcohol  0792  ?  From  these  data  we 
find  that  the  weight  of  the  measured  volume  is  3*761  S 
grms.;  and  2'6696  grms.  is  the  weight,  or  3^371  c.  c. 
the  volniDe  of  aleoho!  which  absorbed  1  092  grms.  of 
sulphurous  acid  at  20®,  and  under  the  presj^iire  of 
0*7438  m.;  so  that,  according  to  Henry's  law,  the  quan* 
tity  which  would  have  been  absorbed  under  a  pressure 
of  O^AO  m.  is  1'115  grms.;  and  as  one  cubic  centi- 
metre of  sulphurous  acid  gas  at  0**  and  0-76  weighs 
0  0028Ci  grms.,  the  volame  of  ^as  at  0°  and  0'76  ab- 
sorbcil  by  3"371  c.  c.  alcohol  is  389*8  c,  c;  or  the 
coefficient  of  ab^rption  of  sulphurous  acid  in  alcohol 
at  20<=>  is  115-7. 

For  the  determination  of  the  corfflcient^  of  absorption 
of  gTises  less  soluble  in  the  liquid  em[»loyed.  Bun  sen 
has  constructod  an  instrument  termed  an  "  Absorptio- 
meter,"  repr^-sented  in  fys.  508  and  609,  which  he  thus 
describes  :^The  abs^r^irpt  ion  tube  <',  fi^.  508,  divided 
into  millimetfes  »nd  calibrated,  has  a  small  iron  band 
Kfy.  609,  furnished  with  a  screw  luted  on  to  its  lower 
and* open  end;  this  fits  into  anothcJf  screw  attached 
to  tlie  f  mall  iron  stand  a  a.  By  means  of  this  arrange- 
ment,  the  open  end  of  the  tube  can  W  fscrewed  down 
Against  a  plate  of  caoutchouc  covering  the  bottom  of 
the  stand,  and  the  tube  thus  eomplettdy  closed  On 
each  side  of  the  stand  are  tixtMj  two  tteel  springs,  c  r, 
which  fit  into  two  vertical  grooves  inside  the  wooden 
foot  of  the  ap|tfinitus/,/f/.  508,  so  that  the  little  iff  ri 
vtand  a  fl,  fitj.  609,  can  be  raiwd  or  deprp^^ed,  but  n  1 
turned  on  it*  axis  hori«iontrtlly.  The  outer  rylindor. 
9  th  fy-  ^^^f  is  not  cemented  into  thf*  wrwjdeu  foot/ 
or  into  the  iron  rim  A,  but  the  ground  glass  edges  of 
the  cylinder  are  pressed  againift  caoutchouc  rings,  in* 
serted  in  the  foot  and  in  the  rim  by  means  of  the  screws  i  f.  The  tubes  r  r  t^erve  to 
Y^xM  in  mercury,  to  tlwt  any  desired  pressure  is  obtaiiicd  in  the  absorption  tube  by 
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TJiising  or  depressing  tlip  level  of  the  mercury  in  the  inner  gliiss  cylinder.     The  ien^  , 
pi^rafiire  of  the  surrounding  water  i§  delcrmined  by  the  smkll  thermomct^pr  k.     Th 
upper  end  of  the  outer  cylinder  ia  closed  by  an   iron  lid  haring  a  hijige  at  one 
and  fiistened  down  by  means  of  a  nnt  and  screw  at tnchrd  to  the  iron  rim  A,  flttinf;  inU 
a  groove  p,  in  the  iide  of  the  lid.     In  the  inaide  of  the  lid  there  is  a  raised  rim  of  irui 
over  which  a  thick  8hiM*t  of  caontchouc  ia  extended  and  liuitened  by  a  screwed  ring  i 
This  distended  caoutchouc  seir^a  as  a  spnng  again^  which  the  top  of  the  tube  eaji  T 
pressed,  keeping  it  iu  a  fixed  poeition  atiring  the  Tiolent  agitation  Deceaaanr  Ibr 
process  of  absorption. 

The  mode  of  using  this  apparatus,  and  the  method  of  caJcuktion  employed  in  tbcae 
experimental  is  best  explained  by  an  actual  example.     We  8el«»ct  for  thia  purpose  1" 
*lctermi nation  of  the  coefficient  of  absorption  of  nitrogen  in  water  at  19°  C*     A  i 
tain  quantity  of  the  gaa  under  examination  is  placed  in  the  absorption  tube,  OTeri 
ciiry  in  the  mercurial  trough,  and  its  Tolume  d^'termined,  the  usmd  precjititioas  as  to 
reading  off  pressure,  temperature,  &c,  being  taken,  as  in  the  ordinary  proooas  of  | 
analysis-     The  following  observations  are  made : 

Lower  surface  of  mercury  in  out^ir  cylinder  ,  .  ,  a  =  423-6  mm, 

ITppor  surface  of  mercury  in  absorption  tube  ,  •  .  6  «s  124*1    „ 

Barometric  preasnre     .         .         ,         ,         ,  *  *  ,  jp  =  746  9    „ 

Temperature  of  the  abi^orptioraeter      .         .  *  .  .  ^    =;  1 9*2°  C. 

Tempeniturc  of  the  barometer     ,         ,         .  .  .  .  t   —  Ift'O**    „ 

A  quantity  of  water  perfectly  freed  from  air  is  next  introduced  under  iiierctiry  into 
the  tube,  which  is  then  screwed  tightly  against  the  caoutchouc  plate,  and  the  tube 
thus  closed,  is  placed  iu  tlie  cylinder  ^  ff,  containing  some  mercur^\  and  over  that  a 
^^UHntity  of  water.  As  soon  as  the  prossure  within  and  without  has  been  equalised 
by  slightly  turning  the  tube,  it  is  again  close<d^  and  the  whole  apparatus  rapidly  agi- 
tated for  about  a  minute*.  This  agitation^  with  opening  and  closing  of  th<?  tiib«%  ia 
continued  many  tiraes,  until  no  further  change  of  volume  is  perceptible.  The  obsenra- 
tions  necessary  for  the  measiircmont  and  reduction  of  tberesidyal  gas  are  thujiinade: 

Level  of  mercury  in  outor  cylinder       .        ,        .        .  »  fl'  =  352'2  mm. 

Level  of  mercury  in  absorption  tube 6"  =«  350*7    tt 

Upper  level  of  water  in  absorption  tube      .         .         ,  .  c'  «=     65*6    ,, 

Upper  level  of  water  in  outer  cylinder         .        .        *  .  (T  ^      8'0    „ 

Barometric  picssttre    .         .         .         .         .        ,        .  ,  p'  =  746*3    „ 

Temperattire  of  the  absorptiomcter      ,        .         .        .  ,  t'  ^     10*0°  CL 

Tt^mporature  of  the  barometer ,  t'  —     IS*©*^  „ 

I*rom  the  first  series  of  observations*  the  presiiure  on  the  dry  nitrogen  ia  obtained  bf  I 
aubtratjting  the  height  of  the  column  of  mercnry  in  the  tube,  {a  —  b  =  209*5  mm.^  f 
and  the  tension  of  the  vajwur  of  water  nt  19  2^  (*  16"6  mm,),  irom   tbo   barooartrie 
pressure,  the  height  of  btjth  the  columns  of  mercury  bein^  corrected  for  the  expaiiMoo 
which  they  undergo  in  being  heated  from  0^  to  19-2°.     This  pressure,  I\  is  found  to  b# 
equal  to  7444  -  298'6  -  16-6  *=  429-3  mm. 

The  Tohime  of  nitrogen  employed,  when  rednccd  to  0^,  ia,  according  to  the  lablf  of 
capacity  of  the  instrument,  found  to  be  32  608  ==  T,  expreased  in  arbitrary  unit*.    Th<»  , 
bai-omntric  pn^ssure,  corrected  for  expansion,  affer  the  experiment,  is  74 3-8  mm,;  the 
height  of  the  corrected  column  of  mercury  inside  the  tube,  is  Tfi  mm. ;  the  height  of  J 
the  column  of  water  in  the  tube  ia  285'2  mm.;  that  in  the  outer  cylinder  344*2  mm.;  j 
BO  thiit  iho  column  of  water  which  has  to  be  addi^i  to  the  barometric  prvjamv  ii 
344'2  — 28.5"2  —  600  mm,,  equnl  to  4*4  mm,  of  mercuiy;  the  tension  of  the  vajiour  of 
water  at  192°  is  163  mm.;  and  hcnco  the  pressure  on  tlie  unabsorbed  nitfogen  it 
Pi  =  743  8  ^  4i  -  1-5  -  lfi'3  =  730-6  mm. 

The  volume  of  unahsorl>ed  gas,  reduced  to  0**,  is  found  from  the  table  of  eapacitj  to 
bo  16522  =  J\  of  tho  same  arbitrary  unit*,  whilst  the  volume  of  water  emploji^d  ii 
182-37  =  A  units. 

From  these  data,  tie  coefficient  of  absorption  can  be  easily  obtained.      The  rolume 

V  P 
of  nitrogen  reduced  to  the  pressure  760  mm.  was,  before  tho  absorption,  -=^  *,  there- 

760 

duced  volume  after  the  absorption  is  -  ^  -^  J  ^"^^  hence  the  volume  absorbed  tmder  the 

VP        V  P 
pressure  Pj  is  —   —  '-^n^^'    1^  ^^^  *^ifi  !*▼  o^  Hcury  be  correct  in  tlie  caae  of  lutrogea  "^ 

and  water,  the  rolume  of  gas  absorbed  under  the  pressure  of  760  mm.  will  be  grc^at^rr 

than  that   absorbed  under  the  preesure  P^  in  the  proportion  ~ ;  or  it   wiii   bv 

^1 
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rp 
K 


—  Vi,    Hence  the  volume  of  gas  absorbed  by  the  anit-volame  of  liquid  in  the 


co-efficient  of  absorption  is : 


C- 


{"p- -'■')■ 


or,  for  the  special  case  we  are  considering : 

1  /32-608  X  429-3 

"  182-37  *  V         730-6 


-  16-522 


■)■ 


001448. 


It  is  absolutely  essential  that  the  liquids  employed  in  these  abeorptiometric  de- 
terminations be  freed  completely  from  air  or  other  gases  held  in  solution ;  this 
is  best  accomplished  by  continuous  boiling  in  a  flask  whose  neck  has  been  drawn 
out  to  a  fine  point  before  the  blowpipe,  so  that  the  flask  can  be  instantly  hermeti- 
cally sealed.  The  yessel  containing  the  liquid,  which  ought  to  strike  against  the 
glass  like  a  water-hammer,  is  opened  under  mercury,  and  thus  all  possible  entrance  of 
air  is  prevented. 

By  the  help  of  this  instrument^  and  by  the  application  of  a  method  of  calculation 
similar  to  the  example  just  cited,  the  following  coefficients  of  absorption  in  water  and 
absolute  alcohol  were  experimentally  determined.  In  cases  in  which  the  solubility 
of  the  gas  vajicd  with  the  temperature,  a  simple  interpolation  formula,  c»A  +  Bt+  C?, 
serves  to  express  the  relation  with  sufficient  exactness. 

1.  Nitrogen. — ^The  nitrogen  was  prepared  by  passing  atmospheric  air,  freed  from 
carbonic  acid  and  ammonia,  over  red-hot  copper  turnings. 

In  water       (from  0^  to  20®  C);  c  -  0020346  -  000053887  t  +  000001 1156  <•• 
In  alcohol*  (from  0®  to  25®  C);  c  «  0126338  -  0000418  t  +  0000006  <». 

From  these  formuhe  the  following  coei&cients  are  calculated : 


For  Water, 

ForAlcohoL 

O^C. 

002035 

120  c. 

001549 

0®C. 

0-12634 

14®  C. 

012166 

20 

001932 

14® 

0-01600 

2® 

012563 

16® 

0-12119 

40 

0*01838 

16® 

0-01458 

4® 

0-12476 

18® 

012076 

60 

0-01752 

18® 

001426 

6® 

0-12404 

20® 

0-12038 

8° 

0-01667 

20® 

0-01403 

8® 

0-12338 

22® 

012005 

10<» 

0-01607 

10® 
12® 

0-12276 
0-12219 

24® 

011976 

2.  Hydrogen, —  The  hydrogen  was  prepared  frx>m  pure  zinc  and  sulphuric  acid. 

In  water    (from  0®  to  20®  C.)  ;  c  -  00193. 

In  alcohol  (from  0®  to  25®  C.) ;  c  «  006926  -  00001487  t  +  0000001  <«. 
Hence: 


In  Water. 

In  Alcohol. 

c«  0-0193 

0®C. 

0*02569 

10®  C.  006786 

20®  C. 

0-06668 

constant. 

2® 

0*06896 

12®    006761 

22® 

006646 

4® 

0-06867 

14®    0-06731 

24® 

0-06626 

6® 

0-06839 

16®    006713 

8® 

006813 

18®    0-06690 

3.  Carbonic  Oxide, — Prepared  by  heating  pure  formate  of  magnesia  with  strong 
sulphuric  acid ;  treatment  with  a  potash-ball  snowed  that  the  gas  was  pure. 

In  water    (from  0®  to  20®  C.) ;  c  -  0032874-0*00081632  <  +  0*000016421  /». 
In  alcohol  (from  0®  to  25®  C.) ;  c  -  0*20443. 

Hence: 

For  Water. 

0®C.    0*03287  8®C.     0*02739 

2®         003131  10®  002636 

4®         0*02987         12®  002644 

6®         0-02857  14®  0-02466 

4.  Carbonic  Acid,  — Prepared  by  the  action  of  strong  sulphuric  acid  on  chalk,  due 
precautions  as  to  its  purification  being  taken. 

In  water    (from  0®  to  20®  C.)  ;  e  «  1-7967-0077^1  <  +  0*0016424  <«. 
In  alcohol  (from  0®  to  26<»  C);  c  =  4-32956-0-09395 <  + 000124  O. 


For  Alcohol, 

16®  C. 

0-02402 

0  -  0*20443 

18® 

0-02360 

constant 

20® 

002312 

•  The  coefllriratf  of  abtorptloo  for  all  the  following  gates  in  alcohol  were  determined  bj  Cariut.  8«e 
Aun.  Ch.  Phann.  xclx.  199« 
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Hence : 


For  Water. 

For  Alcohol 

O^C. 

1-7967 

120  c. 

M018 

00  c. 

4-3295 

140  a 

3-2578 

20 

1-6481 

140 

10321 

20 

4-1466 

I60 

31438 

4° 

1-5126 

16<^ 

0-9753 

40 

3-9736 

I80 

30402 

6° 

1-3901 

18° 

0-9318 

6° 

3-8105 

200 

2-9465 

8° 

1-2809 

20° 

0-9014 

80 

3-6573 

220 

0-28628 

10° 

11847 

10© 
120 

3-5140 
3-3807 

240 

2-7890 

5.  Marsh  Gas. — The  gas  employed  for  the  experiments  with  water  was  collected 
from  the  mud-volcanoes  at  Bulganak  in  the  Crimea,  and  being  preserved  in  sealed 
tubes  was  shown  by  analysis  to  contain  neither  oxygen,  nitrogen,  carbonic  add, 
nor  olefiant  gas.  The  gas  used  for  the  alcohol-absorption  was  prepared  by  the  usual 
process  from  acetate  and  hydrate  of  potassium,  and  eudiometnc  analysis  showed 
that  it  was  pure. 

In  water    (from  0®  to  20°  C.) ;  c  «  005449  -    0001 1807  t  +  0*000010278  i*. 
In  alcohol  (from  0°  to  24°  C.) ;  c  »  0*522586  -  00028655  t  +  00000142  (*, 
Hence : 


For  Water. 

For  Alcohol. 

0°C. 

005449 

12°  C. 

0  04180 

0°C. 

0-52259 

14°  a 

0-48625 

2° 

0-05217 

14° 

003997 

2° 

0*51691 

16° 

0-48037 

4° 

004993 

16° 

0*03823 

4° 

0-51185 

18° 

0-47561 

6° 

304778 

18° 

003657 

6° 

0-50590 

20° 

0-47096 

8° 

004571 

20° 

003499 

8° 

0-50057 

22° 

0-46642 

10° 

0-04372 

10° 
12° 

0-49535 
0-49024 

240 

0-46199 

6.  Ethylene,  —  Prepared  in  the  usual  manner  fr^m  alcohol  and  snlphnric  acid ; 
all  traces  of  alcohol  and  ether-vapour  and  of  higher  hydrocarbons,  were  remored  by 
absorbing  a  large  portion  of  the  collected  gas  by  strong  sulphuric  add  before  the 
experiments    Eudiometric  analysis  proved  the  purity  of  the  gas. 

In  water    (from  0°  to  20°  C);  c  »  0-25629-0*00913631  <+  0*000188108  t*. 
In  alcohol  (from  0°  to  24°  C);  c  -  3-59498 -0*057716  t     +   0*0006812  f«. 
Hence : 


For  Water. 

For  Alcohol. 

o°c. 

0-2563 

12°  C. 

01737 

0°C. 

3-5950 

14°  C. 

2*9205 

2° 

0-2388 

14° 

01652 

2° 

3-4823 

16° 

2-8459 

4° 

0-2227 

16° 

01583 

4° 

3-3750 

18° 

2-7768 

6° 

0-2082 

18° 

0-1528 

6° 

3-2732 

20° 

2-7131 

8° 

01952 

20° 

0-1488 

8° 

3  1768 

22° 

2-6549 

10° 

0-1837 

10° 
1  12^ 

30859 
3-0005 

24° 

2*6022 

7.  Nitrous  Oxide. — The  gas  was  prepared  from  pure  nitrate  of  ammonium. 

In  water    (from  0°  to  24°  C);  c  «  1*30521  -  0045362  t  +  00006843<«. 

In  alcohol  (from  0°  to  24°  C.) ;  c  =  41 7805  -  0*69816  t    +  0-000609  ^. 
Hence : 


For  Water. 

For  Alcohol. 

o°c. 

1-3052 

14°  C. 

0-8034 

0°C. 

41780 

14°  C. 

8-3200 

2° 

1*2172 

16° 

0-7536 

2° 

4-0409 

16° 

3-2169 

4° 

1-1346 

18° 

0-7090 

4° 

3-9085 

18° 

31187 

6° 

10575 

20O 

0-6700 

6° 

3*7811 

20° 

3-0253 

8° 

0-9858 

22° 

0-6364 

8° 

36585 

22° 

2-9368 

10° 

0-9196 

24° 

0-6082 

10° 

3-5408 

24° 

2-8632 

12° 

0-8588 

12° 

3-4279 

8.  Nitric  Oxide  in  Alcohol. — The  pure  gas  was  prepared  by  passing  the  mixture  of 
gases  evolved  by  the  action  of  nitric  add  on  copper,  into  a  concentrated  solution  of 
protosulphate  of  iron.  The  pure  gas  was  collected  by  gently  warming  this  saturated 
solution. 


In  alcohol  (from  0°  to  24°  C.  );  c 
Hence  : 


0-31606-0003487  <  + 0000049  <» 


For  Alcohol. 

o°c. 

0-3661 

'^°C. 

0-2913 

14°  C. 

0-2768 

20°  C. 

0*2669 

2° 

0-3093 

10° 

0-2861 

10° 

C-2728 

22° 

0-2631 

4° 

0-3029 

12°  . 

0-2813 

18° 

0-2692 

24° 

0-2605 

6° 

02969 
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9.  Ethyl^aa  in  Water, —  The  gas  used  in  these  experiments  was  prepared  by  tho 
action  of  zinc-ethyl  upon  iodide  of  ethyl. 

In  water  (from  0®  to  20®  C.) ;  o  =  0031474 -0*0010449  <  +  0000026066  <«. 

Hence: 


For  Water. 

OOC. 

003147 

6«C. 

002613 

120C. 

002267 

180  C. 

0-02084 

20 

0-02947 

8° 

002474 

140 

002179 

2iP 

0-02064 

4? 

002770 

lOo 

002365 

16<> 

0-02121 

10.  Methyl^aa  in  Water, — ^Prepared  by  the  action  of  zinc-methyl  upon  iodide  of 
methyL 

In  water  (from  0®  to  20®  C);  c  =  00871-00033242  <  +  00000603  <•, 

Hence: 

For  Water, 


00  c. 

0-0871 

60  C. 

00693 

120  c. 

0-0669 

180  C. 

00468 

20 

00807 

80 

00644 

140 

0-0624 

2(P 

0-0447 

40 

00748 

100 

0-0699 

16° 

00493 

11.  Oxygen  in  Water, — ^The  coefficients  of  absorption  of  oxygen  in  water  were  not 
determined  directly  by  the  process  described,  because  it  was  found  that  although  the 
mercury  contained  in  the  absorption  tube  was  purified  as  completely  as  possible,  it 
still  contained  traces  of  foreign  metals,  which  on  agitation  were  oxidi^dd  at  the 
expense  of  the  dissolved  gas,  thus  rendering  the  determination  of  the  coefficients  of 
absorption  incorrect. 

In  order  to  determine  the  solubility  of  oxygen  in  water,  the  following  indirect 
method  was  adopted,  which,  however,  presupposes  the  applicability  of  Dalton*s  law  of 
partiiil  pressures.  If  both  oxygen  ana  nitrogen  obey  this  law,  it  is  not  difficult  from 
the  known  coefficients  of  absorption  of  nitrogen,  from  the  known  composition  of  the 
air,  and  from  the  relative  amounts  of  the  two  gases  dissolved  when  water  is  saturated 
with  air,  to  calculate  the  coefficients  of  absorption  of  oxygen  in  water.  The  relative 
quantities  of  oxygen  and  nitrogen  dissolved  in  water  through  which  air  was  passed  to 
saturation  were  found  by  experiment  to  remain  constant ;  uiat  is,  at  all  the  observed 
temperatures,  the  quantity  of  oxygen  contained  in  100  parts  of  absorbed  gas  is  36*91 
e  T",  and  that  of  nitrogen  66*09  «=  F".  Hence  we  see  that,  as  the  total  amount  of  air 
absorbed  at  different  temperatures  varies,  the  curve  representing  the  relation  between 
the  amount  of  absorbed  oxygen  and  the  temperature,  must  be  parallel  with  the  curve 
representing  the  same  relation  for  nitr(^n. 

The  composition  of  one  volume  of  the  atmosphere  we  may  take  to  be  0-2096  »  0 
volume  of  oxygen,  and  0*7904=^  volume  of  nitrogen;  if  now,  O  represent  the  coeffi- 
cient of  absorption  of  oxygen,  and  O*  that  of  nitroeen  at  any  given  temperature,  the 
volumes  of  absorbed  oxygen  and  nitroeen  contained  in  the  volume  F*  of  air  absorbed 
under  the  pressure  P,  are,  according  to  jDalton's  law, — 

P-.,?L^^.    *,andr-^      ^^^^ 


0*76  (N+Oy  0*76  {N+  Oy 

hence  by  division  we  have 

<>- O^- ^:  or  O  -  o|«:21i!L5W4  .  ^  ,  2.0225 
r*  0  6609  X  0-2096 

or  expressed  in  texns  of  the  temperature  alone : 

(from  00  to  20O);  c-0*4116-0*00108986<  +  0000022663  (*. 
And  hence : 

0°  004114.      2®  003907.       40  0*03717.       6®  003644.      80  003389.    lOO  00326a 
120  003133.     140  0-03034.     160  002949.     18®  002884.    20O  002838. 

12.  Oxygen  in  Alcohol — The  determinations  of  the  solubility  of  oxygeA  in  alcohol 
wrro  made  in  the  usual  way  with  the  absorptiometer,  the  error  arising  from  oxidation 
of  the  metals  contained  in  the  mercury  proving  in  this  case  inappreciable.  The  quan- 
tity of  oxygen  dissolved  in  alcohol  between  oo  and  240  C.  remained  constant : 

(from  00  to  240) ;  0  «  0*28397  constant, 

13.  Atmo^herie  Air  in  Water, — ^When  the  volume  of  a  mixture  of  two  or  more 
gases  is  infinitely  large  as  compared  with  that  of  the  absorbing  liquid,  the  total  quan- 
tity of  gas  absorbed,  or  the  co^dent  of  absorption  of  the  mixture,  is  easily  found  from 
the  several  coefficients  of  absorption  of  the  component  gases  and  their  relative  propor- 
tion in  the  mixture.  When  the  volume  of  the  gas  bears  a  finite  relation  to  that  of  the 
absorbing  liquid,  and  the  gases  ore  unequally  soluble^  the  altoration  effected  in  the 
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composition  of  the  gas  by  the  absorption  must  be  brought  into  consideration.  In  the 
following  calcalations  of  the  solubility  of  atmospheric  air  in  water,  the  Yolnme  of  the 
gas  is  considered  as  infinite  compared  with  that  of  the  water.  Henoe,  as  1  Tolnme  of 
air  contains  0*2096  toI.  of  oxygen,  and  0*7904  vol.  of  nitrogen,  the  coefficient  of 
absorption  of  air  in  water,  accor^ng  to  Dalton*s  law,  is  0=»  0»  x  0*2096  +  O  x  0*7904 
where  O  and  O  represent  the  coefficient  of  absorption  of  oxygen  and  nitrogen 
at  the  giyen  temperature.  The  coefficient  expressed  in  terms  of  the  temperature 
alone  is: 

(from  0°  to  20°);  c= 0*247064- 0*000664368  <+ 0*0000136469^. 
and  hence : 


0° C.  002471 
2<>  0*02346 
4°      003227 


6®  002128 

8°  002034 

10°  0*01963 


129  001882 
14°  0*01822 
16°  001771 


18<»  001732 
20®  001704 


The  coefficients  of  absorption  of  the  following  ^es,  which  are  much  more  aoluble 
than  the  preceding,  were  determined  by  the  chemical  method  referred  to  abovew  The 
determinations  of  the  solubility  of  sulphurous  acid,  sulphuretted  hydrogen,  and  chlorine 
in  water,  were  made  by  Schonfeld  (Ann.  Ch.  Phi^.  xcv.  1);  those  in  alcohol  by 
Carius  {loc.  cit.) 

14.  Sulphurotis  Acid  in  Water, — The  amount  of  absorbed  gas  was  estimated  diemi- 
cally,  by  the  iodometric  method  of  analysis,  reduction  being  made  in  the  calculation 
for  the  alteration  of  the  bulk  of  the  liquid  by  the  absorption  of  gaa. 

The  following  expressions  give  coefficients  which  approximate  very  cloeely  to  the 
observed  amounts : 

(from  Oo  to  20®)  for  pure  water ;  o  -  79*787-2*6077 1  +  0029349 <•. 
(from  20°  to  40°)    „         „  c  «  76182-2*1716  <  +  0*01903  <*. 

Hence  the  following  values : 

0^  79-789;  10°  66*647;  20«  39*374;  30°  27*161;  40«  18*766. 
16.  Sulphurous  Acid  in  Alcohol, — In  pure  alcohol  the  coefficient  is  found  from  the 
formula  — 

(from  0°  to  240),  c  «  328*62-16-96 1  +  0*3119  <*, 

hence  the  coefficients  are : 

0°  328*62;  6°  261*67;  lO©  190*31;  15®  144*66;  20®  114*48;  24°  101*47 

16.  Sulphydric  Acid  in  Water, — The  sulphur  of  the  dissolved  gas  was  weighed  at 
sulphate  of  barium.     The  interpolation  formula  obtained  from  the  experinMBta  is  — 

(from  Qo  to  40<>);  c  « 4*3706 -0083687 <  + 0*0006213 <«, 
hence  the  coefficients  are 

0°  4*3706;  10°  3*6858;  20^2*9063;  30°  2*3290;  40°  1*8669. 

17.  8ulphi/dric  Acid  in  Alcohol, — Experiment  gave  — 

0  =  17-891 -0*66698^  + 0*00661 /». 
Hence: 

(from  0^  to  26®)  0^  17-891;  A9  16*373;  8<>  13*066;  12°  10*971;  16°  9088; 
20°  7-416;  24°  6  966. 

18.  Chlorine  in  Water, — ^The  coefficients  of  chlorine  in  water  cannot  be  determined 
below  10°,  as  at  that  temperature  a  crystalline  hydrate  of  chlorine  is  formed.     The 

Quantity  of  absorbed  gas  was  determined  by  the  iodometric  method;  Experiment  gave 
ie  following  interpolation  formula : 

(from  10°  to  40°)  c - 3*0361  -0046196<  +  00001 107 <«. 
Hence: 

10°  2*6862;  20°  2*2406;  ZQP  17499;  40°  1*3666. 
18.  Ammonia  in  Water. — ^The  solubility  of  ammonia  in  water  haa  been  determined 
by  Dr.  Carius  (Ann.  Ch.  Pharm.  xdx.  p.  129).    The  following  formula  glvee  the 
result  of  his  experiments : 

{from  0°  to  26°),  c=»  1049*63-29*496^  +  0*067687<»- 0*0096621  <•. 
More  recently  the  solubility  of  ammonia  in  water  at  difibrent  temperatures  and 
under  direct  variation  of  pressure,  has  been  exjictly  estimated  by  Messn.  Roacoe  and 
Dittmar  (Chem.  Soc.  Qu.  J.  xii.  147).  These  chemists  have  shown  that  the  numbers 
given  by  Carius  are  all  10  per  cent  too  low,  owing  to  the  existence  of  unobserved  expe- 
rimental errors  running  through  his  determinations.  They  have  adso  proved  that  the 
quantitpr  of  ammonia  absorbed  by  water  at  a  constant  temperature  is  not  (as  supposed 
by  Carius)  proportional  to  the  pressure  under  which  the  absorption  oocun.    ^Kis  is 
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clearly  seen  from  the  following  table,  in  which  (G)  gives  the  weight  in  grammes  of 
ammonia  absorbed  by  1  gramme  of  water  at  0^  C.  under  variation  of  direct  pressure 
(P)  from  001  m.  to  2*0  m.  of  mercury. 
p.  O.  p.  O.  p.  G.  P.  O.  P.  O. 


001 
004 
010 
015 
0-20 


0044 
0149 
0-275 
0-351 
0-411 


0-30 
0-40 
0-50 
0-60 
0-70 


0-615 
0-607 
0-690 
0-768 
0*840 


0-80  0-906 

0-90  0-968 

100  1037 

110  1117 

1-20  1-208 


1-30 
1-40 
1-60 
1-60 
1-70 


1-310 
1-416 
1-526 
1-645 
1-770 


1-80  1-906 
1-90  2-046 
200      2195 


The  following  numbers  give  the  weight  of  ammonia  absorbed  by  one  gramme  of 
water  at  the  temperatures  annexed  under  the  barometric  pressure  0-76  m.  as  found  by 
Roscoe  and  Dittmar. 


0<^C. 

4<» 

8° 

12° 


0-876 
0-792 
0-713 
0-645 


16^ 
20° 
240 
28° 


gnu. 

0-582 

0-526 

0-474 

0-426 


320 
36° 
40° 
440 


grin. 

0-382 

0-343 

0-307 

0-275 


48<> 
620 
66*' 


0-244 
0-214 
0-186 


The  experiments  which  have  been  made  to  verify  the  law  of  pressures,  have  been 
applied  not  so  much  to  the  determination  of  the  exactitude  of  the  law  under  high 
pressures,  as  to  the  esemplification  of  the  truth  of  the  law  of  partial  pressures.  Thus 
the  solubility  of  carboDic  acid,  under  varying  pressures,  has  only  been  examined  by 
Bunsen  between  the  limits  of  523  and  725  millimetres  of  mercury,  whilst  Henry  em- 
ployed a  pressure  as  high  as  1*4  metres  of  mercury.  In  the  case  of  gaseous  mixtures, 
for  which  the  instrument  was  more  suited,  the  precision  of  the  law  has  been  demon- 
strated by  a  large  number  of  experiments  with  different  gases.  Thus,  in  mixtures  of 
carbonic  acid  and  hydrogen  in  water,  of  carbonic  acid  and  carbonic  oxide,  of  carbonic 
oxide  and  marsh  gas,  of  carbonic  acid  and  hydrogen,  and  of  carbonic  oxide,  marsh 
ga.s  and  hydrogen  in  alcohol,  it  has  been  shown  that  the  component  gases  are  ab- 
sorbed in  quantities  exactly  regulated  by  Dalton's  law. 

In  order  to  understand  the  mode  in  which  these  verifications  of  the  law  are  ob- 
tained, it  will  be  necessary  in  the  first  place  to  develop  the  general  expression  for  tho 
alterations  which  a  mixture  of  two  gases  undergoes  on  absorption,  and  then  to  apply 
this  general  formula  to  special  examples.  If  Dalton's  law  bo  correct,  that  in  a  gaseous 
mixture  undergoing  absorption,  when  the  volume  of  the  liquid  is  not  inappreciable 
compered  with  that  of  the  gas,  the  component  gases  are  dissolved  in  quantities  de- 
pendent upon  the  pressures  of  tho  respective  components  of  the  residual  gas,  it  will 
not  be  difficult  to  calculate  from  absorptiometric  data  the  relative  proportion  of  the 
gases  in  the  unabsorbed  residue.  If  this  calculated  result  agrees  witn  a  direct  eudio- 
metric  analysis,  the  law  is  proved  to  be  true.  What  we  have  first  to  calculate  is,  then, 
the  composition  of  the  residual  gas  fi^m  the  other  absorptiometric  data.  For  this 
purpose  let  all  the  volumes  of  gas  be  reduced  to  0°  C. ;  then  let  the  total  volume  of  V 
gas  employed  in  tho  experiment,  be  under  the  pressure  P.  In  the  unit- volume  of  this 
mixed  gas  let  there  be  v  volumes  of  the  one,  and  Vi  volumes  of  the  other  gas.  Let  tho 
coefficient  of  absorption  of  the  first  gas  be  o,  that  of  the  second  iB,  and  me  volume  of 
the  absorbing  liquid  A.  Further,  let  the  total  volume  of  the  gas  remaining  after  tho 
absorption  be  Fi  ;  and,  lastly,  let  the  unit-volume  of  this  gas  contain  u  volumes  of  tho 
one,  and  Wi  volumes  of  the  other  constituent  gas.  These  values  of  u  and  ttj  are  the 
unknown  quantities  which  have  to  be  found  from  the  given  data. 

vVP 

The  volume  V  contains  t;  V  volumes  of  the  first  gas  at  the  pressure  P,  or  -jp^g- 

volumes  at  0-76.  This  volume  is  divided  by  absorption  into  two  parts ;  the  first  part 
X  remains  behind  after  the  absorption  as  free  gas  ;  the  second,  Xi,  is  that  absorbed  by  the 
liquid.  The  quantity  of  this  latter  is  determined  by  the  law  of  absorption  ;  the  unit  of 
liquid  absorbs  a  volume  under  the  pressure  0*76  :  hence,  under  the  pressure  Pj,  h  vo- 


lumes  of  liquid  will  absorb 


0-76 


As,  however,  the  first  gas  is  expanded  by  mixing 


V  P 

with  the  second,  from  x  to  -jps^i  the  quantity  of  gas  absorbed  by  A  is,  by  virtue  of 

„  ahx       vVP       ,  vVP 

r  *i.  Hence,  x+  -pr- 


the  partial  pressure  y- 


vVP       , 


0-76     1  + 


anfl,  by  similar  reasoning,  the  volume  of  the  second  residual  gas,  y  «=  - 


'76  ( 
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Hence  ifvVP  ^^  A;    v^  VP  ^  A^;  (l  +"p)  =^,  and  (l+^)  --»i. we  obtain 

ABi X 

AJSx+AiB      x  +  y  /j\ 

A^B  y  ^  ' 

ABi  +  A^B^  x+y  ^  ^^ 

The  reverse  of  this  calculation  is  to  obtain  the  composition  of  the  original  gasecwfl 
mixture  from  the  observed  quantities  F,  P,  Fj,  Pj,  o,  0,  and  h.  In  this  waj  an  ana- 
lysis is  in  fact  made  of  the  mixture  of  gases,  without  resort  to  any  chemical  deeom- 
position ;  and  this  absorptiometric  analysis  is  often  of  the  greatest  importance,  as 
it  solves  questions  which  cannot  be  attacked  by  the  usual  eudiometric  methods. 

Let  X  represent  the  original  volume,  and  x i  the  unabsorbed  residue  of  the  first  gas, 
in  both  cases  reduced  to  the  pressure  1 ;  and,  as  before,  let  Fi  be  the  volume  of  the 
unabsorbed  gas  under  the  pressure  P^. 

The  pressure  of  the  unabsorbed  portion  of  the  first  gas  is  then  s^  and  the  volume  of 

absorbed  gas  reduced  to  this  pressure  is  a  A,  or  reduced  to  the  pressure  1,  it  is  -r^  .«A. 

Hence  x  *»  x^  +  -p-.  a  A;  and  the  pressure  of  the  unabsorbed  portion  of  the  first 

^  1^  ^  T? JT    ^°  ^^®  manner,  the  pressure  of  the  second  gas  is  obtained,  and 

we  have  the  following  expressions  for  the  pressure  before  and  after  the  absorption : 

If  we  then  set  F  P  =  fT;  (Fi  +  o  h)?^  =  ^ ;  (F^  +  ^  h)P^  «  B,  we  have  the 
volumes  of  the  first  and  second  gases  in  the  unit>volume  of  the  mixture,  namely : 

X      _  W-B      A  ,         V  A  --  W     B  .„N 

x":ry"  A^^  '  TT'    ^^  ITTy  ^  A-'B   '  W  ^  ^ 

By  help  of  these  formulae  we  can  test  the  truth  of  Dalton's  law ;  for  if  the  result 
thus  calculated  agrees  with  those  determined  by  experiment^  the  basis  upon  which 
the  calculations  are  founded  must  be  corrects 

In  order  then  to  test  the  applicability  of  these  formulae,  a  mixture  of  carbonic  acid 
and  hydrogen  was  made,  and  the  volume  of  each  gas  determined  by  eudiometric 
analysis ;  the  gas  was  found  to  consist  of: 

Hydrogen 26*81 

Carbonic  acid 73-19 

10000 

An  absorptiometric  analysis  of  the  same  gas  was  then  made,  and  by  means  of  for- 
mula (2),  the  composition  of  the  original  gaseous  mixture  found  to  be: 

Hydrogen 26*67 

Carbonic  acid 73*33 

lObOO 
The  composition  of  the  residual  gas  was  found  by  direct  analysis  to  be : 

Hydrogen 93*01 

Carbonic  acid 6*99 

100*00 

Or  the  partial  pressure  of  the  hydrogen  was  0*6688  m.,  and  that  of  the  carbonic  acid 
004276  m. 

The  mean  of  three  absorptiome^c  experiments  gave  as  the  composition  of  the  resi- 
dual gas,  calculated  according  to  formula  (1): 

Hydrogen 91*64 

Carbonic  acid 8*36 

100*00 

or  the  partial  pressure  of  the  hydrogen  was  0*6066  m.,  and  that  of  the  carbonic  add 
00593  m. 

From  the  close  agreement  between  the  results  of  the  eudiometric  and  absorptio- 
metric analyses,  it  is  seen  that  Dalton's  law  holds  good,  at  least  for  the  two  gasce  here 
considered.    Many  other  gaseous  mixtures  have  dready  been  examined  with  a  like 
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PMult ;  for  the  details  of  those  expcrimeiitB,  we  must,  however,  refer  to  the  memoirs 
already  cited. 

There  are,  neTertheless,  cases  in  which  the  constituents  of  a  mixture  of  gases  are 
not  dissolYcd  in  liquids  in  the  proportion  required  by  the  law  of  partial  pressures, 
although  no  definite  chemical  combination  occurs.  Thus,  for  instance,  Roscoe 
(Chem.  Soc  Qu.  J.  riii.  14)  has  shown  that  mixtures  of  equal  volumes  of  chlorine 
and  hydrogen,  and  mixtures  of  varying  proportions  of  chlorine  and  carbonic  acid,  do 
not  dissolve  in  water  in  quantities  proportional  to  the  partial  pressures  of  each 
gas.  As,  however,  both  hydrogen  and  carbonic  acid  have  been  shown  to  obey  the 
law,  the  discrepancy  can  only  arise  from  the  chlorine.  The  mixture  of  equal  volumes  of 
chlorine  and  hydrogen  was  obtained  perfectly  pure  and  of  constant  composition,  by  the 
electrolysis  of  concentrated  hydrochloric  acid ;  and  it  was  found  that  when  water  was 
saturated  with  this  gas,  the  amount  of  chlorine  dissolved  was  always  much  larger  than 
that  required  by  the  law  of  partial  pressures,  as  calculated  from  the  coefficients  of  ab- 
sorption and  the  relative  volumes  of  the  two  gases;  thus,  at  14*4^,  9*834  grms.  of 
water  dissolved  14*70  volumes  of  chlorine,  whereas  the  calculated  quantity  is  only 
11-65  volumes ;  and  similarly  for  other  temperatures.  From  a  number  of  experinientM, 
I^scoe  concluded  that  no  definite  decomposition  of  the  water  by  the  chlorine  takes 
place,  which  might  possibly  account  for  the  increased  solubility  of  that  gas;  and  hence 
it  appeared  that,  at  temperatures  not  very  far  removed  from  the  |X)iut  at  which  a  h^*- 
drate  is  formed  (the  experiments  extended  from  13^  to  38^),  chlorine  is  retained  by 
water  with  a  force  which,  although  not  great  enough  to  effect  a  definite  combination, 
is  sufficient  to  disturb  the  regular  action  of  the  law  of  absorption.  The  amount  of 
this  disturbance,  that  is,  the  quantity  of  chlorine  contained  in  the  liquid  over  and 
above  that  required  by  the  law,  can  be  easily  calculated,  and  it  has  been  shown  tliat 
this  amount,  in  the  case  of  chlorine  and  hyorogen,  diminishes  with  increase  of  tem- 
perature. In  order  to  see  whether  this  molecular  disturbance  is  dependent  upon  the 
nature  of  the  gas  in  contact  with  the  chlorine,  the  solubility  of  mixtures  of  chlorine 
and  carl>onic  acid  was  determined,  and  it  appeared  that  an  excess  of  chlorine  above 
the  quantity  required  by  the  law  is  dissolved,  but  that  the  amount  of  this  chemically 
attached  chlorine  is,  as  far  as  the  experiments  reached,  independent  of  changes  of  tem- 
perature, proving,  therefore,  that  the  amount  of  this  molecular  disturbing  action 
depends  on  the  nature  of  the  gases  or  other  substancc^present. 

The  limits  of  pressure  beyond  which  ^es  do  not  obey  the  law  of  pressure,  have  not 
as  yet  been  experimentally  ascertained  in  many  cases.  It  appears,  however,  that  the 
law  is  not  strictly  applicable,  at  least,  in  the  case  of  the  more  soluble  gases,  within 
ranges  of  pressure  varying  from  0  to  2  atmospheres.  Thus,  as  has  been  stated,  the 
quantity  of  ammonia  absorbed  by  water  under  varying  pressure  differs  very  conside- 
rably  from  that  required  by  theory ;  and  this  result  was  fully  proved  by  experiments 
made  by  Mr.  Sims  in  the  writer^s  laboratory  (Chem.  Soc.  J.  xiv.  I ).  These  experiments 
showed  that  under  direct  variation  of  pressure  from  0*060  to  2*6  metres  of  mereury 
the  quantity  of  ammonia  dissolved  in  water  at  all  temperatures  below  100°  C.  is  not 
directly  proportional  to  the  pressure;  but  that  the  deviation  becomes  less  as  the 
temperature  increases,  until  at  100°  C.  the  law  of  Dalton  holds  good.  Similar  results 
were  obtained  for  sulphurous  acid;  this  gas  was  shown  to  obey  the  law  only  at  tem- 
peratures al)0ve  60°  C.  Further  experiments  on  this  subject,  made  at  the  writer's 
suggestion,  by  Mr.  W.  M.  Watts,  prove  that  admixture  of  ammonia  with  air  produces 
the  same  effect  on  the  solubility  of  that  gas  in  water  as  a  direct  diminution  of  pressure. 
When  gases  obeying  Dalton  s  law  are  absorbed  in  a  liquid,  and  this  liquid  is  placed 
in  conditions  under  which  the  pressure  on  the  absorbed  gases  is  reducihd  to  0,  these 
gases  escape  in  time  completely  from  the  liquid.  This  reduction  of  the  pressure  can 
l>o  effected  in  many  ways,  either  by  actually  removing  all  pressure,  except  that  of  the 
tension  of  the  liquid,  by  evacuation  under  the  receiver  of  an  air-pump :  or  by  placing 
the  saturated  liquid  in  an  atmosphere  of  a  gas  different  from  any  of  those  absorbed, 
whoso  volume  may  be  regarded  as  infinite  as  compared  with  that  of  the  absorbed  gases ; 
or  lastly  by  bringing  the  liquid  to  its  boiling  point  and  continuing  the  ebullition,  or 
what  is  the  same  thing,  by  passing  a  foreign  gas  or  vapour  through  the  liquid.  In  all 
these  c;ises,  the  abeorptiometric  equilibrium  is,  after  a  certain  time,  established  and  is 
dependent  upon  the  partial  pressures.  From  these  considerations  we  see  how  impcM- 
sible  it  is  to  keep  a  gas  pure  for  any  length  of  time  when  standing  over  a  liquia  in 
which  it  is  ever  so  slightly  soluble ;  thus,  for  instance,  when  hydrogen,  one  of  the  least 
soluble  of  the  gases,  is  placed  over  water,  a  continuous  interchange  between  the  air 
outwide,  and  the  hydrogen  inside,  goes  on  through  the  medium  of  the  water,  the  hydro- 
gen dissolving  and  then  escaping  into  the  air  where  the  partial  pressure  on  it  is  0,  and 
the  air  in  turn  entering  into  the  hydrogen,  until  an  equilibrium  in  accordance  with  the 
pressures  is  established,  which  in  this  case  only  occurs  when  all  the  hydrogen  has 
escaped  and  the  vessel  is  filled  with  air. 
Vol.  U.  8  F 
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This  complete  removal  of  absorbed  gases  by  ebollitioii,  or  by  eontaet  with  a  forcigB 
gas,  does  not  occur  in  the  case  of  most  of  those  which  are  retained  br  tlie  Uaiiid  with 
a  greater  degree  of  force  than  those  ob^ng  the  law  oi  presspres ;  tnafl^  for  mstanoe, 
hydrochloric  acid  gas  cannot  be  oompletcdy  expeUed  from  its  a^neoiiB  ■ohtion  by 
boiling  or  by  passing  air  through  the  liquid.  Water  saturated  at  ofdinaij  tcmpecmtnrsi 
with  hydrochloric  acid  gas,  loses  on  heating  more  gas  than  water,  until  a  eertain  point 
is  reached,  at  which  the  gas  and  water  distil  over  in  constant  proportioDa.  For  the 
ordinary  atmospheric  pressure,  this  constant  ratio  occurs  at  a  temperatore  of  110°,  when 
the  distilled  liquid  contains  20*2  per  cent  of  anhyditnu  add ;  this  ratio  ia,  howercr, 
dependent  upon  the  temperature ;  when  the  tempenture  ia  diminished,  tlM  eoDeen- 
tration  of  the  residual  acid  is  increased.  Hence,  under  ordinary  preaanrea,  a  aohition 
containing  less  than  20  per  cent  of  acid  must  become  more  concentrated  ndien  boQed, 
and  such  is  found  to  be  the  case,  hydrochloric  add  being  in  fkct  non-Tolatila  wfaea 
mixed  with  a  certain  quantity  of  water.  * 

The  solubility  of  hydrochloric  acid  g<u  in  water  at  different  temperatnrea,  and  un- 
der rariation  of  pressure,  has  been  determined  by  Messrs.  Bosooe  and  Dittmar, 
(Chem.  Soc.  Qu.  «f,  zii.  128).  As  might  be  expected,  the  amount  of  hydrodilorie  add 
dissolved  increases  but  slightlj  with  increase  of  pressure.  The  following  taUe  gives 
the  weight  of  this  gas  {Qt\  which  is  absorbed  by  one  gramme  of  water  at  0°  <X  under 
the  pressure  (P)  of  mercury. 


P. 

G. 

P. 

o. 

P. 

O. 

P. 

G. 

006  m. 

0-613 

0*30  m. 

0-738 

0-70  m. 

0-817 

110  m. 

0-869 

010 

0657 

0*40 

0-763 

0-80 

0*831 

1-20 

0-882 

016 

0*686 

0*60 

0-782 

0*90 

0-844 

1-80 

0-895 

0-20 

0-707 

0*60 

0  800 

1-00 

0-866 

The  relation  between  the  amount  of  dissolved  hydrochloric  add  gas  and  the  tempe- 
rature is  seen  from  the  appended  numbers,  giving  the  weight  of  gas  abeorbed  unaer 
the  normal  pressure  of  0-76  m. 


O^C. 

grm. 
0*826 

160     0-?42 

grm. 
320     0665 

480     0-603 

4« 

0-804 

2(P    0-721 

360     0*649 

520     0-589 

8° 

0-783 

24«    0-700 

40O     0*633 

56<»     0-576 

[20 

0-762 

29P    0-682 

440     0-618 

6OO     0-561 

Although  not  obeying  the  simple  laws  of  absorption,  hydrochlorie  add  gas  doca  not, 
as  Roscoe  and  Dittmar  have  shown,  form  any  compounds  with  water  which  can  be  re- 
garded as  definite  hydrates,  the  amount  of  absorbed  gas  varying  with  eveiy  change  of 
physical  circumstance.  Hoscoe  has  also  shown  (Chem.  Soc,  J.  xiii  146,  and 
XV.  270)  that  the  same  law  applies  to  the  formation  of  all  the  hydrated  adds  of  oon- 
stant  boiling  point,  none  of  which  can  be  regarded  as  definite  chemical  compounds. 
For  further  information  upon  this  subject  we  must^  however,  refer  the  x«ader  to  the 
original  memoirs. 

Although  gases,  as  a  rule,  increase  in  solubility  with  diminution  of  temperatura,  yet 
it  is  found  in  most  cases  that  the  whole  of  the  absorbed  gas  is  liberated  on  the  sohdi- 
fication  of  the  liquid.  Thus  when  water  freezes,  the  whole  of  the  dissolved  air  escapes 
in  bubbles ;  and  silver,  which,  according  to  Gay-Lussac,  absorbs  when  melted  aboot 
twenty  times  its  volume  of  oxprgen,  expels  it  on  solidifying;  giving  rise  to  the  remaz^L- 
able  phenomenon  of  the  '*S]^itting"  of  silver.  In  the  case  of  ue  liqnefiable  gases, 
however,  such  as  carbonic  acid,  hydrochloric  acid,  and  ammonia^  no  such  expnl^n  of 
the  gas  on  solidification  of  the  liquid  has  been  observed. 

Many  of  the  applications  of  these  laws  of  al^orption  are  both  interesting  and  im- 
portant ;  thus,  instances  occur  in  which  eudiometric  analysis  by  itself  ia  unable  com- 
pletely to  decide  the  composition  of  a  gaseous  mixture,  as,  for  example,  in  the  case  of 
a  mixture  of  equal  volumes  of  methyl  and  hydrogen  gases,  which  we  cannot  distinguish 
by  combustion-analysis  from  marsh-gas ;  so  that  we  are  in  uncertainty  aa  to  whether 
the  gas  evolved  by  the  action  of  a  hydrated  alkali  upon  an  acetate  is  really  manh-gas 
or  a  mixture  of  hydrogen  and  methjrl  In  this  case,  then,  absorptiometric  determina- 
tions are  of  the  highest  value ;  for  in  this  way,  by  means  of  a  smgle  physical  experi- 
ment, we  are  able  to  solve  this  doubtfid  question.  The  considerations  and  the  formula 
already  given,  generally  developed  in  Bunsen's  memoir,  render  it  possible  to  calcu- 
late from  the  absorptiometric  data,  the  composition  of  an  unknown  gaseous  mixture ; 
tliat  is  to  say,  to  determine  at  the  observed  temperature  the  coefildents  of  the  absorbed 

•  The  ▼« pour  of  w«ter  acti  prediHy  u  a  forelfn  gu  would  do  In  redoeliif  the  mHUI  wvmutm  ; 
hence  in  mil  the  calculalioni  of  the  abiorptlon-coefficientR  of  ga«et  in  liqakit  deftrmioed  ch«raik«lly.  tha 
^«P?U'  ^  ^Ater  present  in  the  atmosphere  of  otherwise  pure  gas  existing  above  Uit  liqald  muat  be  re- 

Earded  as  a  foreign  gas,  which  therefore  alters  the  pressure  on  the  absorbed  gaaet.    Tbla  oonalderatlua 
as  been  attended  to  in  but  few  of  the  chemical  determinations  yet  made  of  the  moi 
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and  the  partial  pressnrea  of  the  unabsorbed  gases.  If,  then,  with  the  data  afforded  by 
the  absorption  of  the  gas  of  the  acetates,  the  coefficients  are  calculated,  on  the  as- 
sumption  that  the  gas  consists  of  a  mixtore  of  equal  Tolumes  of  hydrogen  and  methyl, 
it  is  found  that  the  sum  of  the  coefficients  has  a  negatiTe  Taluc,  instead  of  being  equal 
to  the  sum  of  the  two  numbers  ^iven  in  the  tables  for  methyl  and  hydrogen.  I^  on 
the  other  hand,  the  calculation  is  based  on  the  supposition  that  the  gas  from  the 
acetates  is  not  a  mixture  but  a  single  gas,  the  value  found  for  the  coefficient  by  calcu- 
lation is  identical  with  that  determined  for  true  marsh-gas  at  the  observed  tempera- 
ture. Hence  we  may  conclude  that  the  gas  prepared  from  the  acetates  is  neither  a 
mixture  of  methyl  and  hydr^pen,  nor  a  substance  isomeric  with  marsh-gas,  but  that 
it  is  actually  the  same  body  ^t  issues  from  the  mud-volcanoes  in  the  Cnmea. 

The  same  degree  oi  uncertain^  prerails  respecting  the  identity  of  chloride  of  methyl 
when  prepared  in  different  wavs.  Baey  er  (Ann.  Ch.  Pharm.  c  iii  p.  181)  has,  how- 
ever, lately  shown  that  the  suostance  prepared  hj  heating  cacodylic  and  hydrochloric 
acids  has  exactly  the  same  coefficient  of  absorption  in  water  as  the  chloride  of  methyl 
prepared  in  the  ordinary  way  from  wood-spirit  by  chloride  of  sodium  and  sulphuric 
acid,  whilst  the  solubility  of  the  compound  raepuvd  by  the  union  of  marsh-gas  and 
chlorine  in  diffiised  light  is  totally  different  Hence  Baeyer  concludes  that  the  two  first 
are  identical,  and  that  these  two  are.  distinct  substances  from  the  third.  [Berthelot, 
however  (Compt.  rend.  xlv.  916),  has  made  other  experiments  from  which  ne  concludes 
this  third  substance  is  also  a  true  chloride  of  methyl.] 

Many  other  interesting  deductions  from,  and  applications  of,  the  laws  of  absorption 
have  already  been  made,  for  the  details  of  which  we  must  again  refer  to  the  original 
memoirs.  Thus,  by  means  of  the  fonnuls  previously  developed,  the  composition  of 
the  gases  absorbed  in  the  water  of  a  mineral  spring  can  be  calculated  from  the  composi- 
tion of  the  free  gas  which  escapes  from  the  water,  or  wee  versA.  In  all  cases,  in  fact,  in 
which  a  statical  equilibrium  between  the  absorbed  and  free  gases  can  occur,  these  cal- 
culations are  applicable ;  and  in  none  more  so  than  in  the  composition  of  the  gases 
contained  in  rain  and  dew.    The  composition  of  the  atmosphere  we  may  take  to  be : 


Oxygen 
Nitrogen 
Carbonic  acid 


20*9612 

790078 

00416 

100-0000 


From  these  numbers,  and  fr^m  the  coefficients  of  the  three  ^ases,  Bunsen  obtained 
by  calculation  the  following  composition  of  the  gases  contained  in  rain-water. 


Nitrogen 
Oxygen  . 
Car^nic  acid . 

O* 

6° 

\(fi 

150 

«0» 

63-20 

33-88 

2-92 

63-35 

33-97 

2-68 

63-49 

34-06 

2-46 

63-62 

3412 

2-26 

63-69 

34-17 

214 

100*00 

100-00 

100-00 

100-00 

100-00 

A  very  important  extension  of  these  laws  of  absorption  has  lately  been  made  in  an 
investigation  upon  the  gases  of  the  blood  carried  out  by  Lothar  Meyer.*  This 
chemist  collected  the  gases  dissolved  in  the  blood  by  boiling  the  diluted  blood  in  a 
vacuous  space,  according  to  the  method  described  by  Bunsen  in  his  gasometry,  and 
liberated  the  portion  of  the  carbonic  acid  which  is  combined  with  the  alkalis  of  the 
blood  by  adding  tartaric  acid  to  the  blood  before  boiling.  In  100  vols,  of  blood, 
Meyer  found  the  following  volumes  of  gas  reduced  to  (P  and  0*76: 


Fre« 

Free 

Combined 

Tbul 

Total  vo. 

DMcrlptlon  of  Blood. 

Gas. 

0. 

N. 

CO». 

CO« 

co«. 

ImMofgat 

Carotid  artery,      Dog.  No.  2. 

23-76 

,1      »    1. 

20-88 

12-43 

2-83 

5-62 

28-61 

34-23 

49-49 

(3-79) 

(294) 

(27-10> 

(33-84) 

28-24 

18-42 

4-66 

6-28 

20-97 

26-26 

49-21 

f>                    If      It    ^* 

26-60 

14-29 

5-04 

617 

28-68 

84-76 

64-08 

Defibrinated    blood    shaken  / 
with  air  at  26^  and  0-7463m.  ( 

1704 

11-56 

4-40 

1-09 

18-12 

19-21 

3616 

(6-81) 

(412) 

(21-66^ 

(31-49) 

•  Abttrart  of  puper  In  Fhll.  Mar.  (4)  xlt.  MS.     The  original  memoir  U 
Pfeufer't  ZelUcbrlft  fUr  rationelle  Ifedicln.  Ncue  Folge.  m,  25«. 

8f2 


found  in  Henlft  and 
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OlefiAnt  gH9      «...     S511 
Carbomc  oxid<?         ...       9 

Nitrogen ...         .         .7 
fljdiogeii        ....       I 


1 


inlfr  to  obtiiin  the  coofRei<-iiH  of  id'sorptinn  of  lit^fiVirinat^d  blood 

^ _^  Meyt-f  emplojfed  an  appjiratuti  Booicwliiit  diff^riMit  £rom  the  one  uaMxl  hf  ] 

It  appears  from  nis  experiments  that  die  amounts  of  carbonic  acid,  or  -  -  -  -  nd  oxtn^ 
gen  aDBorbed  in  the  blood,  vary  with  the  preasiire,  but  that  wheretv-  _  of  tb» 

EUtrogeD  obeya  the  law  of  natunkl  p^ee>^ures,  only  a  portion  of  the  carL  ^  ojid  tht 

cxKjgec  docs  BO ;  that  is,  in  tho  c&Ae  of  both  th^se  gasea,  one  portion  of  the  dtetolfid 
oaantity  is  more  forcibly  retained  by  the  blood  than  the  other,  and  i^  iudrpcodefit  of 
ehangea  of  ptv8snre,  exactly  aa  has  been  flhowo  to  be  the  case  with  ol  i  witer« 

The  amoniit  of  this  attached  oxygtm  ia  far  laiiger  than  the  truly  absc  l>u  ,  an4 

from  these  facts  we  may  draw  the  interesting  concluaion  that  the  rii:iiui-*>  t  poTtfty 
of  a  giv«*n  volume  of  air  in  oxygen*  at  TarIou8  heighti  abore  the  sea  leTel  for  ioataoo^ 
can  exert  but  a  very  slight  influ^ince  on  the  total  yoluBia  of  ifxjgmi  contamed  in  tih« 
blo<:»d,  and  therefore  upon  animal  life. 

n.  Absorption  of  Gates  by  Solids. — Poiotijs  carbon  in  the  form  of  eharoaal 
IB  the  only  stolid  substance  whose  cocffloicnts  of  absorption  for  ▼arioais  gaaes  *    ""^ 
been  determined  with  any  approach  to  accuracy.    From  the  experimeJit«  of  Sane 
made  with  the  chureoal  of  box-wootl,  it  appeurs  that  1  rolutne  of  charcoial 
at  12*=»  C.  nnd  under  a  prcflBur©  of  724  millimetres  of  mercitfy,  the  following 
of  ^is: 

Vtiltimc*, 

Ammoniaoal  gua  .        .        ,      W 

Hydrochloric  acid  gas  .        .85 

Bttlphuroas  acid  .  .  *  ,65 
Sulphurc*ttcd  hydrogen  •  ,  66 
Nitrous  oxide  .  ,  .  .40 
Carbonic  acid     ....       36 

The  absor|>tion  which  aoTeral  other  aolid  bodiefl^  aneh  as  gypsum,  meerachai 
woods  of  various  kindit,  wool,  silk,  &&,  cffoct  upon  gases  haa  aJao  been  detemitned  hf 
Sanjisurf,  but  from  the  indefinite  nature  of  the  stib«tancea  operated  apon,  tho  iuiaib«fa 
obtjiined  have  but  slight  interest  Later  experiments  of  Favre  (Compt.  rend.  mix. 
729)  confirm  Saussure's  results,  in  so  far,  at  leaat,  aa  ooneerm  the  order  of  aoltibility 
in  wMch  the  ^asea  are  arraiiged. 

Tile  coefficients  above  given  represent  the  quantity  of  gaa  taken  np  bj  om^  ToiQine 
of  cbareoal  previously  freed  from  nny  foreign  gas  ab&orbed  in  the  pores.     Thia  purifi 
ciition  of  the  chiircoiil  can  only  be  ofRcted  by  a  high  temperature,  fur  it  has  been  dw 
thjit  the  simple  removal  of  the  atmnfi[»heric  pressure  by  no  means  exp«?la  all  the 
previouHly  abstirlwd*     Whether  the  whole  of  the  al>sorbed  gas  ia  expelled  at  a  i«  ' ' 
la  as  yet  an  unascertained  mutter ;  but  it  is  known  that  moch  more  gaa  ia  thm 
oif  than  can  he  removed  tjy  the  mere  withdrawal  of  the  atmospheric  pi» 
hence  we  see  that,  at  a  high  temperature,  tlte  attraction  of  the  partielew  of 

ens  elTJ:ct]ng  the  tihsorption  is,  if  not  altogether  destroyed,  at  any  rate  much  diraii. .^ 

When  a  solid  lx>dy  is  brought  into  an  atmosphere  consisting  of  a  mixture  of  diflM? 
gases,  each  one  of  the  several  gases  will  be  absorbed  in  quantities  dependent  upon  the 
ndatiTe  amount  of  that  gas  present  and  its  particular  coeffident  of  absoqjtion.  Thtis, 
for  exatnplc*,  a  piece  of  charcoal,  or  any  other  solid,  exposed  to  the  air,  absorbs  a  defi- 
nite quantity  of  nitrogen,  oxygon,  carbonic  acid,  and  aqueous  vapour,  which  thus  lom^ 
their  gascouii  ehigficity  or  tension,  become  in  fact  solid,  and  can  be  removed  only  wi  ' ' 
great  difficulty.  Dn  R.  Angus  Smith  has  qnite  recently  communicated  the  results 
some  experiment*!  upon  the  solubility  of  certain  gases  in  charcoal  (Froc  Bey.  Soe, 
424),  the  mo»t  iraportiint  points  of  which  ho  Bummarises  in  the  fotlowijig  sentences 

1.  Chareod  ubsorbs  oxygen  so  as  to  separate  it  from  common  aii;  or  from  its 
tui'i'p  with  hydrogen  and  nitrogen  at  common  temperatures, 

2.  Charcoal  continues  the  absorption  of  oxygen  for  at  least  a  montli,  altlioiJigli 
eliif'f  amount  in  absorbed  in  a  few  nours,  Bometimes  in  a  few  seoo^ods^  acoording  to 
quality  of  the  charcoal. 

S,  It  does  not  absorb  hydrogen,  nitrogen,  or  carbonic  acid  for  the  same  period. 

4.  Although  the  amount  absorbed  is  somewhat  in  the  relation  of  the  condensubili^ 
of  the  gases  by  pressure,  this  is  not  the  only  quality  regulating  the  absuaptioo,  i 
oxygen  at  lejisL 

•    5'      hen  it  is  sought  to  remove  the  oxygen  from  charcoal  by  warmth,  carbonic  i- 
18  formod,  even  at  the  temperature  of  boiling  water,  and  slowly  oven  at  lower  tem| 

Although,  from  the  complicated  nature  of  the  modifjnng  conditions, 

aiixjuamtM  with  but  few  exact  quantitative  relations  coneernin;?  the  absorption  of  p 

by  eohd  bodies,  still  there  are  many  interesting  proofs  of  the  exii^tcnce  of  lliis  ab«jrp»^ 

tiDu,  even  m  the  caao  of  solidd  whoso  surface  is  sinaU  in  comparison  with  th«r  bulk. 
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Thus,  for  example,  in  the  manufactore  of  exact  barometers,  great  difficulty  is  experi- 
enced in  separating  from  the  interior  of  the  tnbe  the  adhering  or  absorbed  air,  which, 
if  not  completely  expelled,  gradually  resumes  the  gaseous  condition,  and  entering  into 
the  Torricellian  vacuum,  renders  the  instrument  incorrect.  Thus,  too,  in  the  chemical 
photometer  used  by  Bunsen  and  Boscoe,  in  which  a  perfectly  pure  mixture  of  equal 
volumes  of  chlorine  and  hydrogen  is  employed  as  the  sensitive  substance,  the  only  con- 
ceivable reason  why  the  chlorine  and  hydrogen  must  bo  passed  for  several  days  through 
the  apparatus  before  the  maximum  and  permanent  degree  of  sensibility  is  reached,  is 
that  the  oxygen  and  nitrogen  absorbed  by  the  glass  is  expelled  with  the  greatest  diffi- 
culty, and  that  (as  proved  by  direct  experiment)  the  most  minute  trace  of  foreign  gas 
disturbs  the  action  of  the  light  to  an  immense  extent  Similar  effects  produced  by  the 
layer  of  air  which  covers  all  solid  bodies  are  well  known  to  photographers,  who  care- 
fully guard  affainst  the  presence  of  this  condensed  atmosphere,  removing  it  by  mecha- 
nical means  immediately  before  the  plate  receives  the  sensitive  coating.  Almost  the 
whole  of  the  singular  phenomena,  flrat  investigated  by  Moser,  and  ascribed  by  him  to 
the  action  of  "  latent  lights"  may  be  more  rationally  explained  by  the  application  of 
the  authenticated  facts  of  the  absorption  of  gases  by  solid  bodies.  The  well-known 
experiment-,  for  instance,  of  allowing  a  coin  to  remain  for  a  short  time  on  a  freshly 
cleaned  and  brightly  polished  metallic  plat«,  when,  on  removing  the  coin  and  breathing 
on  the  plate,  the  image  is  plainly  seen,  depends  upon  the  absorptive  action  which  the 
newly  cleaned  surface  of  the  plate  exerts  upon  the  condensed  gases  of  the  coin ;  if  the 
surface  both  of  the  plat«  and  of  the  coin  be  equally  saturated  with  gas  no  such  image 
will  be  .perceived,  and  if  both  be  equally  free  fh>m  any  condensed  atmosphere,  the  same 
negative  result  will  be  obtained. 

Many  of  the  so-called  "  catalytic  ■ '  actions  which  various  metals  produce  upon  gases 
may  also  be  explained  in  a  similar  manner.  The  efi^t  which  finely  divided  platinum, 
or  even  a  clean  plate  of  that  metal,  exerts  in  producing  the  combination  of  oxygen  and 
hvdrogen,  doubtless  depends  on  the  absorption  of  these  gases  on  the  surface  of  the 
platinum,  the  consequent  approximation  of  the  gaseous  particles  being  sufficient  to 
induce  their  chemical  union,  thus  evolving  heat  enough  to  cause  the  combustion  of  the 
surrounding  gaS.  The  most  definite,  and  therefore  the  most  interesting,  experiments 
on  this  subject  have  been  made  by  Magnus  (Fogg.  Ann.  Ixxxix.  604).  He  has  not 
only  shown  that,  owing  to  the  absorption  of  gases  by  solids,  the  coefficients  of  expan- 
sion of  gases  by  heat  differ  when  the  extent  oif  surface  of  the  vessel  in  which  they  are 
confined  is  altered,  but  he  has  actually  determined  the  quantity  of  gas  absorbed  by  a 
square  millimetre  of  glass.  Thus  in  two  vessels,  the  relation  of  whose  surfaces  (the 
capacity  being  the  same)  was  as  1  to  36,  the  coefficients  of  expansion  of  sulphurous 
acid  from  0^  C.  to  100°  C.  were  0*3822  and  0-3896  respectively,  or  the  amount  of  sul- 
phurous acid  absorbed  on  each  square  millimetre  of  surface  was  0*0008  cubic  millimetre. 
The  same  result  was  obtained  when  spongy  platinum  was  placed  in  the  gas :  without 
Fi>onRy  platinum  the  coefficient  of  expansion  of  sulphurous  acid  was  found  to  be  0*3832, 
and  in  presence  of  the  finely  divided  metal,  0*3922.  It  is  more  than  probable  that  in 
Kegnault's  classical  researches  upon  the  action  of  pressure  on  gases,  a  portion  of  the 
dtiviation  which  in  every  case  was  observed  from  the  law  of  Marriotte,  was  due  to  this 
condensation  of  the  gas  upon  the  surfaces  of  the  enclosing  vessels.  In  the  exact  deter- 
mination of  gaseous  specific  gravities,  these  absorptive  phenomena  also  exert  a  disturb- 
ing influence.  H.  E.  R. 

aASaSf  CO&&BOTZOV  AVB  PABSBSVATZCIir  or.  There  are  throe 
general  methods  of  collecting  gases,  the  choice  between  which  must  depend  upon  the 
manner  in  which  the  gas  is  generated,  and  the  degree  of  purity  required  by  the  use  to 
which  it  is  to  be  applied. 

1.  By  reception  in  an  exhausted  vessel, — A  vessel  of  glass  or  metal,  provided  with 
a  stopcock,  is  exhausted  as  completely  as  possible  by  the  air-pump,  and  then  connected 
with  the  reservoir  containing  the  gas. 

This  method  is  not  of  very  frequent  application,  partly  because  it  requires  somewhat 
compb'cated  apparatus,  and  partly  from  the  impossibility  of  obtaining  a  complete 
vaeuum  with  the  air-pump.  When,  however,  the  supply  of  gas  is  unlimited,  as  when 
samples  of  air  are  to  be  collected  from  different  localities  for  analysis,  it  answers  very 
well ;  because  the  vessel,  after  having  been  once  exhausted  and  filled  with  the  gas, 
may  be  exhausted  again  and  re-filled,  and  this  operation  repeated  till  every  trace  of 
the  air  originally  contained  in  the  vessel  is  removed. 

A  method  similar  in  principle,  and  often  very  convenient,  especially  for  lecture 
ex|Kriments,  is  to  collect  the  gas  in  a  bladder  or  caoutchouc  bag;  provided  with  a  stop- 
cock, and  previously  emptied  of  air  by  pressure.  Larger  quantities  of  gas,  such  as 
arc  required  for  the  oxy-hydrogen  blowpipe,  may  l>e  collected  in  large  linen  bags 
coated  on  both  sides  with  caoutchouc     The  bags  when  full  arc  connected  by  flexible 
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tubes  with  the  nozzle  of  the  blow-pipe,  and  the  gaaea  ne  ppoaaod  out  hy  lajing  wei^ 
upon  the  bags,  placed  for  the  purpose  between  boards. 

2.  Bt/  displacement  of  the  air. — ^To  All  a  Teasel  in  this  maoner  with  a  gas  hesriff 
than  the  air,  such  as  chlorine,  hydrochloric  acid,  or  carbonic  anhydride,  the  deuTeiy-tabt 
proceeding  from  the  generating  vessel  is  made  topass  down  to  the  bottcnn  of  the  nonta, 
placed  with  its  mouth  upwards.  The  gas  then  gradnallj  fills  the  Tciiwcil,  driTiag  oid 
the  atmospheric  air  at  the  top.  The  operator  judges  when  the  Teasel  is  fUI  of  gaa^  k 
the  case  of  chlorine,  by  the  colour ;  in  the  case  of  acid  gasefl^  by  the  Teddetting  oimam 
held  over  the  mouth  of  the  vessel ;  and  in  the  case  of  carbooie  anhydride,  by  the  i^td 
extinction  of  a  lighted  taper  held  there.  For  gases  ligltf«r  than  air,  such  as  hydnya 
and  ammonia^  the  generating  vessel  is  fitted  with  an  nmght  deliveiy-tabe^  and  the  leuA 
in  which  the  gas  is  to  be  collected  is  inverted  and  held  over  it^  with  the  end  of  tin 
delivery-tube  reaching  quite  to  the  top  of  the  vessel  This  method  is  c«pedally  eco- 
Tcnicnt  for  collecting  largo  quantities  of  gases  which  are  qniddy  absorbed  by  wat«r. 
or  when  a  considerable  quantity  of  gas  is  required  in  the  dry  state. 

3.  Collection  over  liquids.^The  mode  of  collection  whidi  is  applicable  in  tbe 
greatest  number  of  cases,  is  to  receive  the  gas  over  a  liquid  whidi  wiUiiot  absorb  it. 
the  lic^uids  most  freauently  used  for  the  purpose  being  water  or  mercnir.  A  jar  or 
bottle  IS  filled  with  ine  liquid  and  inverted  in  a  trough  of  the  same,  and  the  end  of  t2te 
deliyory-tube  [proceeding  from  the  gas-generating  apparatus  is  inserted  beneath  the 
month  of  the  jar,  so  that  the  ffas  may  rise  in  bubbles  through  the  liquid,  dimlac^  it; 
and  fill  the  vessel  The  method  ii  too  well  known  to  need  more  particiilar  descriptioo. 
If  a  gas  not  absorbed  by  water  is  to  be  kept,  it  is  collected  in  a  bottle  in  the  manzMr 
just  indicated,  and  the  bottle,  when  nearly  AiU,  is  closed,  while  still  standing  in  the 
trough,  with  a  cork  or  ground  stopper,  then  placed  with  its  mouth  downwards  id  a 
small  basin  containing  sufBcient  water  to  cover  the  mouth.  Or  the  bottle  may  be 
quite  filled  with  the  gas  and  closed  with  a  greased  stopper,  afterwards  tied  down ;  or 
with  a  closely-fitting  cork,  which  is  afterwards  covered  and  fiutened  down  with  sealiv- 
^nx,  or  tied  round  with  bladder  or  sheet  caoutchouc. 

The  methods  of  collecting  and  transferring  gases  over  the  mercorial  trough  hr 
eudiomctric  analysis  are  described  in  the  article  Analtsis  of  Gasbs  (i.  268). 

An  excellent  substitute  for  a  mercurial,  and  even  for  a  water  trough,  in  maiiT 

experiments,  is  the  instroment  known  a* 
Cooper's  mercurial  receiver.  It  consists  of  a 
glass  tube,  a,  b  {fig.  610X  closed  at  one  end 
and  bent  upwards.  It  is  filled  with  meRuj 
by  inverting  it  and  pouring  in  the  mer- 
cury 9k  b.  On  again  inverting  it,  as  ia 
the  figure^  the  mercury  is  retained  in  the 
tube  by  the  pressure  of  the  atmon»heR. 
On  inserting  the  delivezy-tnbe  at  ft,  ps 
enters  and  displaces  the  merxTUiy,  which  is 
mceived  in  the  basin  e.  The  operation 
must  be  stopped  when  the  tube  is  illl«l 
with  gas  to  the  bend. 

The  apparatus  afifords  ^reat  facilities  for 
making  a  number  of  experiments  on  a  small 
quantity  of  eas ;  for  by  pLeudng  the  thsmb 
on  the  end  o,  and  inclining  the  tube  so  as 
to  allow  a  little  of  the  gas  to  flow  Rrand 
the  bend  into  the  short  ann,  it  may  be 
examined  as  to  its  chemical  or  physical 
characters,  such  as  smell,  inflanunabilitr, 
reaction  with  test-papers,  &a  (Grerdie 
Williams's  Chemi&U  ManipulatiotL  v. 
320.)  ^       ^    ^ 

For  collecting  and  presenang  krge  quantities  of  gases  not  absorbed  by  water,  vewels 
called  gas-holders  or  gasometers  are  firequently  employed.  The  most  eonvenient 
form  of  gas-holdrr  is  that  invented  by  Pepys,  and  represented  in  fig,  511.  It  consists 
of  a  drum  or  reservoir,  a,  of  sheet  copper,  surmounted  by  a  shallow  trough  or  dstem, 
B,  the  communication  between  the  two  being  made  by  a  couple  cf  tubes  ftmiished  with 
cocks,  <7,  A,  one  of  the  tubes  passing  nearly  to  the  bottom  of  the  drum.  A  short  wide  own 
tuljo  r,  IS  inserted  obliquely  near  the  bottom  of  the  vessel,  into  which  a  pluir  mav  be 
tightly  screwed  A  glass  water-gauge,  ej,  affixed  to  the  side  of  the  drum,  knd  ami- 
municating  with  both  top  and  bottom,  indicates  the  level  of  the  liqm'd  within.  Some- 
times a  divided  scale  is  attiichod  to  this  tube  to  measure  the  in-  and  out-flow  of  the  ff«i> 
To  use  the  gas-holder,  the  plug  is  first  to  be  screwed  into  the  lower  opening  aiiJ 
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the  drum  completely  filled  with  water.    All  three  stopcocks  are  then  to  be  dosed,  ftnd 

the  plug  removed.    The  pressure  of  the  atmosphere  retains  the  jm^  e  ^  ^ 

water  in  the  gas-holder,  and  if  no  air-leakage  occurs,  the  ^' 

escape  of  water  is  inconsiderable.    The  extremity  of  the  deli-    \  -  t-^_        ..^—f 

very- tube  is  now  to  be  well  pushed  through  the  open  aperture       ^  /  »    n    u     i /" 

into  the  drum,   so  that  the  bubbles   of  gas   rise   without 

hindrance   to   the  upper  part^  displacing    the  water,  which 

flows  out  in  the  same  proportion  into  a  vessel  placed  for  its 

reception.    When  the  arum  is  filled,  or  enough  gas  has  been 

collected,  the  tube  ia  withdrawn,  and  the  plug  screwed  into  its 

place. 

When  a  portion  of  the  gas  is  to  be  transferred  to  a  jar,  the 
latter  is  to  oe  filled  with  water  at  the  pneumatic  trough,  carried 
by  the  help  of  a  basin  or  plate  to  the  cistern  of  the  gas-holder, 
and  placed  over  the  shorter  tube.  On  opening  the  cocks  of 
both  tubes,  water  will  flow  down  the  longer  tube  into  the 
drum,  and  force  the  gas  through  the  shorter  tube  into  the 
jar.     The  vessel  when  filled  may  again  have  the  plate  slipped  under  it  and  removed. 

This  gas-holder  is  very  convenient  for  passing  a  stream  of  gas  over  any  substance 
contained  in  a  tube  or  other  vessel,  as  in  experiments  of  oxidation  and  reduction.  For 
this  purpose,  the  vessel  containing  the  substance  to  be  operated  upon  is  connected 
air-tight  with  the  cock  o  of  the  gas-holder,  and  the  cocks  c,  ^  are  opened.  The  pressure 
of  the  water  then  forces  the  ^  through  the  tube.  In  the  same  manner  a  bladder 
may  be  filled  with  gas  by  attaching  it  to  the  stopcock  c.  If  great  pressure  is  required, 
a  long  tin  tube,  terminating  in  a  funnel,  may  oe  screwed  into  the  upper  end  of  the 
long  tube  of  the  gas-holder,  and  water  poured  in  at  the  funneL 

The  gas-holder  may  also  be  used  as  an  aspirator,  b^  filling  it  with  water,  closing  the 
cocks  ^,  A,  connecting  the  vessel  through  which  the  air  is  to  be  drawn  with  the  cock  c, 
and  opening  the  plug.    The  water  then  runs  out,  and  its  place  is  supplied  by  air. 

Another  form  of  gas-holder  or  gasometer,  more  used  in  manufacturing  operations  than 
in  the  laboratory,  consists  of  two  metal  cylinders,  i^jig.  512}  one  inverted  within  the 
other,  which  contains  water.  The  inner  cylinder  a  is 
counterpoised  by  weights^  to,  passing  over  pulleys,  so 
that  it  will  easily  move  upwards  when  pressed  from 
below.  A  metal  tube,  cdt^  provided  with  a  stopcock, 
«,  passes  through  the  side  of  the  outer  cylinder  close 
to  the  bottom,  then  vertically  upwards  to  within  a 
short  distance  of  the  top  of  the  inner  cylinder  when 
in  its  lowest  position. 

To  use  this  apparatus,  the  stopcock  #  is  opened,  the 
inner  cyliuder  depressed  to  its  lowest  position,  and 
water  poured  into  the  out^  vessel  till  it  fills  the  inner 
one,  driving  the  air  before  it  through  the  open  tube. 
The  outer  extremity  o  of  this  tube  being  then  con- 
nected with  the  deliveiy-tube  proceeding  from  the 
generating  vessel,  the  gas  enters,  passes  upwards,  and 
pushes  up  the  inner  cylinder,  which  is  thus  gradually 
raised  to  its  highest  position,  and  filled  with  gas. 
The  stop-cock  is  then  dosed.  To  transfer  the  gas,  a 
delivery-tube  is  attached  to  the  end  c  of  the  tube  cde^ 
the  stopcock  is  opened,  and  a  portion  of  the  weight 
which  counterpoises  the  inner  cylinder  is  removed. 
This  cylinder  then  descends  by  its  own  weight,  driving 
the  gas  before  it  through  the  tube  cde.  The  flow  may 
be  made  slow  or  rapid  by  removing  less  or  more  of 
the  counterpoise. 

This  form  of  gas-holder  is  equally  convenient  with  that  of  Pepys  for  passing  a 
continuous  stream  of  gas  through  a  tube  or  vessel ;  but  it  does  not  afford  the  same 
facility  of  filling  jars  or  bottles  with  gas. 

For  figures  of  the  hirge  gasometers  used  in  gas-works,  see  Vri9  Dictionary  of  ArU^ 
art.  Coal-Gas  (i.  749-763). 

Gases  required  to  be  preserved  in  a  state  of  purity  must  not,  however,  be  left  stand- 
ing over  water;  for  water  absorbs  the  gases  of  the  external  atmosphere,  and  these  dis- 
solved gases  afterwards  difihse  themselves  into  the  gas  standing  over  the  water  (p.  801^ ; 
moreover,  as  all  gases  are  more  or  less  soluble  in  water,  each  to  an  extent  peculiar  to  itself, 
the  composition  of  a  gaseous  mixture  standing  over  water,  necessarily  undergoes  altera- 
tion in  course  of  time. 
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Tn  avoid  this  source  of  error,  and  at  tiie  same  time  to  obtnin  an  appOTHtus  whiSi 
pivM  frtcilitjr  for  witbdriiwinp  #mcc««iive  stunples  of  a  gnscmis  mixture  for  examination, 
liuttson  has  coatrired  the  tiwrcurial  ga«omet«r  represented  in  Ji^,  513,     Its  con»tnie- 

tion  vi  <>xactlj  siroikr  to  that  of  ih* 
i^0.  513.  mon  cnsometer  last  dcBeribwi     The 

2|  r  '     ^         rr.  i&  filled  With  naenjoTT,  and  the 

^  con  be  mored  up  sua  down  in 

11  i.j  .- ^  of  the  holder  c.     The  dcltvoj 

and  exit  tubes,  t^f\  are  Wot  in  the  V  ihap. 
Bud  pnss  under  the  bell-jnr  i  to  thi^  oiit«r 
end  of  ^ach  cf  them  is  attttchni  %  csiiiit- 
choue  Inb*,  //» */'»  within  which  i»  pLi««id  a 
email  pieco  of  gla«9-rod,  fitting  it  loosdj,  to 
SA  to  afihrd  easj  passage  for  a  gai^  bit 
forunng  A  perfiwtlj  &ir- tight  j*>int  whrn 
the  caoutchouc  tube  is  lietl  ronnd  it  with 
a  gilk  cord.     When  the  bell-jnr  in  to  be 
fillfd,  it  moat  b<*  sunk  aa  far  «n  poseible  in 
the  cylind**r  on,  care  being  taken  thiit  the 
tubea  ty  If',  do  not  dip  und«r  the  merewrf. 
Aa  ffoon  fla  the  air  bus  b«*4«n  compktrl/ 
di»plft«?d  by  tbe  current  of  gas,  the  Takifiif 
is  closed,  the  bell-jar  drawn   out   erf  tb** 
ni(*rcary  its  it  fills,  and  when  thia  is  accom- 
pliflhf  d  t  hp  ralTi?  rf'  is  also  closed.    To  lai<" 
»  Hnrnplf!  of  the  gfia  t.huj9  collected,  a  cspil- 
Iftry  g?i8-dolirery'ttibe,/,  filled  with  mfVCQl^f 
is  Bxf'd  air-tight  into  the  dosed  caoviMBlMnie 
Tnlrc*  (/,  and  the  end  of  the  deliwjy-tnH 
being  pliu'wl  under  the  resiel  to  which  the 
gas  is  to  be  transferred — a  eudiometer,  for 
example — in   the    mercurial   tTOugh,  the 
Talv<*  d  ia  slowly  opened ;  the  brll-jtir  then 
di'scendg  by  its  own  weight,  and  forces  the 
gaa  tliroiigh  the  tube. 
If  the  nature  of  the  inrcntigation  requires  the  tranflterence  of  a  girt'ii  rolnroe  of  gM 
withont  loss,  the  vessel  reprcisentcd  in  jigs.  37,  38,  39,  (pp.  243,  244,  voL  \.\  oroiie«f 
similar  Qonstj^cticin,  but  with  a  cylindrical  body  and  hunng  a  divided  icale  nsiriced^t 
it,  may  1ms  uaad.     (See  Bun»evt9  Gatometr^^  p.  20.) 

Pf^trifation  of  gmcM  in  sealed  tube*. — In  reecarches  on  the  imture  of  tlie  gi^i^ 
evolved  in  manufacturing  operations  or  from  natural  sources,  imch  a«  volcanic  fimre^ 
deflfl  in  mines,  spring- waters,  or  aamplea  of  air  from  Tjarticular  locnlitici!,  it  is  fr^* 
qnontlj  necessary  to  keep  thf?  ga^ee  for  fiiomo  time,  ana  transport  them  to  m  dliitaiieo 
l-wfore  they  caii  be  analysed ;  and  the  only  way  of  securing  tliem  abeolutely  l%x>in  alten- 
tion,  or  fri>m  admixture  with  air,  is  to  receiTe  them  tn  vessels  which  can  be  benufti- 
calW  ftfaled.  Buneen  has  contrived  for  this  purpose  a  number  of  higlkly  ingcmmit 
mf(  hods,  which  are  fhlly  described  in  his  "  Gasomotry." 

If  the  gas  issues  under  pressure,  a  number  of  tubes  6  or  6  inches  Inng,  alirtnt 
J  of  iin  inch  wide,  and  drawn  out  at  each  end,  so  as  to  l>e  quickly  and  ejt^ily  *ealr<l  bj 
the  blowpipe,  are  connected  together  by  caoutchouc  tuben,  and  the  gas  is  made  to  6i"w 
thrtuigb  the  whole  arrangement  long  enough  todrire  ont  nit  th^  jitmnsphorir  nir  Th« 
onier  extremities  of  the  first  and  lafft  tube*  arc  then  sealed  by  the  blowpipe  ;  afVerwairda 
tlie  necks  of  the  intermediate  tubes  in  succession,  so  as  to  sepamte  them,  and  encloeo 
a  quantity  of  the  gas  ia  each.  It  was  by  an  arrangement  of  this  kind  that  Bunsen 
collpL'ted  the  gases  fmm  blitst-f urn  aces  for  analysis.  A  wide  wrought  iron  tube,  con- 
flisting  of  soveraj  piPCCJi  scn*wed  together,  was  sunk  in  the  furnace,  and  the  gases,  forced 
through  it  hj  the  bla.«it,  wore  conveyed  by  a  flexible  leaden  pipe  into  a  unM  of  glass 
tubes  connected  as  iiIjotc. 

If  the  pressure  under  which  the  gas  issues  from  its  source  is  not  flulBcient  to  dnrB 
it  through  the  series  of  glass  tubes,  it  must  be  drawn  through  them  b^  an  rachausting 
smnge  or  an  aspirator.  This  ia  sometimes  the  case  with  the  gas  which  innes  from 
cb*ft»  in  coal  stnifa  or  fmm  volcanic  fiasurcja.  Tn  c^jllect  such  gases,  the  aeries  of  nai^ 
row  tubes  is  connected  nt  one  end  with  a  long  wide  tnbe  of  lead  or  gJaws,  which  can  be 
inserted  into  the  fis-snro,  and  at  the  olher  end  with  the  syringe,  which  is  worked  long 
enon^rh  to  unsur*^  the  complot-e  expulsion  of  atmospheric  air  from  the  apparatua.  The 
tAiKjfi  are  then  sealed  and  separated  as  before. 
For  collecting  gases  in  sitUBtion."  easy  of  accefis,  as  fur  instance  in  n^veordKn  on  tlu* 
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imposition  of  the  atmosphere,  or  of  the  air  of  mines  and  caves,  a  common  flask  of  a 
capacity  of  from  2  to  16  ounces,  and  having  its  neck  drawn  out  to  a  narrow  tube  at 
the  distance  of  }  of  an  inch  from  the  mouth,  may  bo  used.  To  fill  this  bottle  with  the 
gaseous  mixture  of  the  locality,  the  air  is  sucked  out  of  it  through  a  loii]g  tube,  reach- 
ing to  the  bottom,  five  or  six  deep  inspirations  being  sufficient  for  the  purpose ;  after 
which,  the  flask  is  closed  with  a  cork,  and  the  neck  sealed  by  the  blowpipe  flame. 

Gases  evolved  under  water,  like  marsh-gas  from  stagnant  pools,  or  the  gases  from 
springs,  may  be  collected  by  means  of  the  apparatus  represented  in  fig.  514.  It 
consists  of  a  small  test-tube  having  a  capacity  of  40  to  60  cubic  centimetres,  drawn  out 
before  the  blowpipe  at  a  to  the  thickness  of  a  straw,  and  fixed  by  a  cork  or  a  vulcanised 
caoutchouc  tube  to  the  funnel  h.  Instead  of  the  test-tube,  a  small  long-necked  flask  may 
be  used,  having  its  neck  similarly  drawn  out  before  the  blowpipe.  The  apparatus  is  first 
filled  with  the  water  by  immersing  it  with  the  mouth  of  the  funnel  upwards ;  but  as 
the  water  is  thus  brought  in  contact  with  the  air,  which  will  alter  the  composition  of 
tlio  gases  absorbed  by  the  water,  the  water  must  be  sucked  out  of  the  apparatus 
through  a  small  tube  reaching  to  the  lowest  part,  till  the  whole  has  been  displaced  by 
other  water  from  the  spring.  The  apparatus  may  then  be  inverted,  and  the  gas  8u&> 
fered  to  rise  into  the  tube.  If  the  bubbles  stop  in  the  neck  of  the  funnel,  or  in  tho 
narrow  part  of  the  tube,  they  may  bo  made  to  ascend  by  tapping  the  edge  of  the  funnel 
against  any  hard  substance. 

When  the  tube  is  full  of  gas,  the  apparatus  may  bo  removed  from  the  spring  by 
moans  of  a  small  basin,  and  the  tube  melted  off  at  a  by  the  blowpipe,  the  moisture  at 
that  part  having  been  previously  expelled  by  the  flame.  The  column  of  water  which 
rises  in  the  funnel  above  the  level  of  tho  water  in  the  basin,  renders  tho  pressure  on 
the  gas  less  than  that  of  the  atmosphere ;  hence  no  bulging  of  the  tube  can  take  place. 
(Bunsen.) 

Fig.  614.  Fig.  515. 


Another  way  of  mounting  an  appnrntus  for  collecting  gaaes  from  springs  is  that 
adopted  by  Hofmann  in  the  examination  of  the  Harrogate  waters  (Chem.  Soc.  Qu.  J. 
^-ii.  169).  In  this  apparatus  (fig.  516),  tlie  tube,  narrowed  in  one  part,  a,  as  above,  is 
supported  on  an  iron  tripod  U  and  fixed  by  moans  of  a  strong  caoutchouc  connector 
/;,  into  a  large  perforated  wooden  float,  the  lower  surface  of  which  is  hollowed  out  so 
ns  to  collect  the  gas-bubbles,  and  causathem  to  ascend  into  the  receiver,  which  is  fllled 
"with  water  at  the  commencement  of  the  operation.  As  soon  as  the  receiver  is  filled, 
the  caoutchouc  connector  is  closed  by  moans  of  a  screw-clamp,  and  tho  receiver  is  dis- 
connocted  and  scaled  before  the  blowpipe.  For  tho  method  of  collecting  the  gases 
dissolved  in  waters,  see  Watubs,  Mixkrau  

OASSS,  COBBBXVATZOV  OV,  MY  VOXpUlOk  The  specific  gravities  of 
olomcntary  bodies  in  the  gaseous  state  are  to  one  another,  for  the  most  part,  in  the 
Hiime  ratio  as  their  atomic  weights ;  thus  the  volume  which  corresponds  to  any  given 
qimntity,  say  1  gramme  of  hydrogen,  corresponds  also  to  14  grammes  of  nitrt^n,  16 
crarames  of  oxygen,  32  grammeiof  sulphur-vapour,  35-5  grammes  of  chlorine,  80  grammes 
of  bromine,  and  127  grammes  of  iocfine,  so  that  tho  specific  gravities,  or  weights  of 
tibial  volumes,  of  these  elcramtrt  in  the  gas;ou»  state,  referred  to  hydrogen  as  unity, 
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are  expressed  by  the  same  numben  a0  their  atomic  wei^ts ;  and  the  symbols  H,  N,  0, 
CI,  Br,  &c,  which  represent  the  atomic  weights,  likewise  represent  equal  Tofaunes  c/ 
the  sereral  gases. 

The  exceptions  to  this  law  are  the  following:  —  1.  The  qneifie  graTities  of  phos- 
phoros  and  arsenic  in  the  state  of  gas  or  Taponr  are  twice  as  great  as  their  atomic 
weights  (P  :»  31,  As  »  76),  so  that  their  atoms  in  the  gaseons  state  oocnpj  only  half 
the  Yolume  of  an  atom  of  hydrogen.  To  bring  these  elements  under  the  general  law, 
it  would  be  necessaiy  to  double  their  atomic  weights,  to  which,  howerer,  there  are 
grave  objections. 

2.  The  Tapoor-densities  of  mercnir  and  cadmium  aoeoid  with  the  atomic  weights 
given  in  the  table  at  page  466,  toL  i. ;  but  if  the  atomic  weights  of  these  elemeoti 
are  doubled,  for  whidi  ^ere  appear  to  be  oondnsiTe  reasons  (see  CL^assiFioaTiov,  i 
1008,  footnote),  their  atoms  in  the  gaseons  state  will  oocnpy  twice  the  Tohmie  of  an 
atom  of  hydrogen.  The  duplication  of  their  atomic  weights  would,  in  fiic^  bring  these 
metals  into  accordance  with  the  majority  of  diatomic  radicles,  the  atoms  or  smallest  com- 

i  bining  weights  of  which  occupy,  in  the  gaseous  state,  twice  the  yolume  of  those 

j-  of  monatomic  radicles* ;  e.  g, 

\  Moiutomlc  radicles.  DUtomJc  radlclet. 

1  ML  a  4  molecule  cs  1  vol.  I  iit.  m  I  molecale  a  1  toL 

H  Od" 

CH«  Hg" 

C»H»  C«H* 

C»H'  C»H« 

From  the  preceding  relations,  it  follows  that  the  volumes  of  any  two  elementaiy 
gases  which  znake  up  a  compound  molecule,  are  to  one  another  in  the  same  ratio  as  the 
numbers  of  atoms  of  the  same  elements  which  enter  into  the  compound,  excepting  in 
*'  the  case  of  phosphorus  and  arsenic,  for  which  the  number  of  volumes  thus  determined 

has  to  be  halved,  and  of  mercury  and  cadmium,  for  which  it  should  probablj  be  doubled : 

contains  1  vol.  H      and  1  vol  CL 

2 
8 

\      3 

»       ,  or  6 

8 

*       }or  6 
2 

If  the  smallest  volume  of  a  gaseous  element  that  can  enter  into  combination  be 
called  the  combining  volume  of  that  element,  the  law  of  combination  maj  be  exinressed 
as  fallows : — The  combining  wlumes  of  all  elementary  gasee  are  equals  excepHng  tkm 
of  phosphorus  and  areenic,  which  are  only  half  those  of  the  other  elements  in  the 
gaseous  state^  and  probably  also  those  of  mereury  and  oidmium,  which  are  double 
those  of  the  other  elements. 

It  ^nll  of  course  be  understood  that  the  law,  as  thus  stated,  is  true  onlv  for  the 

atomic  weights  adopted  in  this  work ;  according  to  the  older  system  (that  of  Gmelin's 

Handbook)^  in  whicn  the  atomic  weights  of  oxygen  and  sulphur  have  only  h^  the 

values  here  adopted,  the  combining  volumes  of  those  elements  are  likewise  equal  to 

those  of  phosphorus  and  arsenic 

^  But  whichever  system  of  atomic  weights  be  adopted,  the  volumes  in  idiich  gaseous 

elements  combine  together  may  be  expressed  by  very  simple  numbers.    This  is  the  '*  Law 

t.  of  Volumes,"  first  observed  by  Humboldt  and  Gay-Lussac  in  1806,  with  regard 

^  to  the  combination  of  oxygen  and  hydrogen,  and  afterwards  established  in  other  eases 

*  by  Gay-LuBsac,  whose  observations  published  in  his  T%eory  of  Volumssf,  shortly 

after  the  announcement  of  the  Atomic  Tneoiy  by  Dalton,  afforded  new  and  independent 

evidence  of  the  combination  of  bodies  in  definite  and  midtiple  proportions,  in  cozrobo- 

ration  of  that  derived  fh>m  the  observed  proportions  of  combination  by  weight 

Gay-Lussac  likewise  observed  that  the  product  of  the  union  of  two  gases,  when 

itself  a  gas,  sometimes  retains  the  original  volume  of  its  constituents,  no  contraction 

or  change  of  yolume  resulting  from  the  combination,  but  that  when  oontiaction  takes 

:  place,  which  is  the  most  common  case,  the  volume  of  the  compound  gas  alwi^  bears 

^  a  simple  ratio  to  the  volumes  of  its  elements. 

•  If  this  be  reaUy  the  general  Uw  of  the  vapoar-Toluinei  of  diatomic  radldei,  tbeelnDenU  O,  S,  S«, 
"^  At*  ^^°**  vapour-Tolumet  accord  with  that  of  hjdrogen.  must  he  regarded  aa  escMtioiMl. 
/iLTx^"^  ''  mmM^m^mii  de$  suUlmmea  gaxemei  le$  wte$  atfet  let  4M#rvf?—  Miaolrei  #AmMU,  II.  107 
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Sabflequent  obsenration  extended  over  a  very  large  Dumber  of  compounda,  organic 
as  well  as  inorganic,  has  shown  that,  with  a  few  exceptions,  probably  only  apparent, 
the  molecules  of  compound  bodies  in  the  gaseous  state  occupy  twice  the  volume  of  an 
atom  of  hydrogen  gas.  No  matter  what  may  be  the  number  of  atoms  or  volumes  that 
enter  into  the  compound,  they  all  become  condensed  into  two  volumes  :  thus 

1  vol  H  and  1  vol.  CI  form  2  vol.  HCl. 

1  »  N    „     1  „     O      „     2     „  NO. 

2  ,.  H    „     1  „     O      „     2     „  H«0. 

3  „  H    „    1  „    N      „     2     „  H»N. 

3  „    H  „   J  „  p    „    2   „    mp. 

Similarly  in  the  union  of  compound  gases,  e,g, 

1  vol    ethyl,        C«H»  and  1  vol    CI  form  2   vol.  C«H»CL 

2  „      ethyl,        C'H»    „     1     „      O      „     2     „     (C«H»)«0. 
2    „      ethylene,  CH*    «     2    „      a     ,,     2     „     C*H*C1«. 
2    „      ethylene,  CH*    „     1     „      O      „     2     „     C«HK). 

Hence  it  follows  that  the  specific  aravity  of  any  compound  gas  or  vapour^  referred 
to  hydrogen  as  unity^  is  equal  to  half  its  molecular  weight. 

The  exceptions  to  this  law  have  already  been  considered  in  the  article  Atoioo 
Weights  (i.  467-470).  Those  in  which  the  observed  vapourndensity  is  less  than  tiiat 
determined  by  calculation,  according  to  the  rule  just  given,  may  be  explained  by  sup- 
posing that,  at  the  high  temperature  at  which  the  specific  gravity  of  the  vapour  is 
determined,  the  compound  molecule  splits  up  into  two  others,  e,g,  NH*C1  into  iJH"  + 
HCl  (which  subsequently  reoombine,  as  the  temperature  falls),  so  that  we  are  really 
operating^  not  on  one  compound  molecule,  but  on  two  of  less  complexity,  whence  the 
observed  density  corresponds  to  four  volumes  of  vapour  instead  of  two.  The  validity 
of  this  explanation  has  been  en)erimentally  demonstrated  in  the  case  of  hydmte  of  di- 
othyl-ethylene-diamine,  C*H**N*.HK),  by  Hofmann  (p.  688);  and  the  experiments  of 
Pebal  on  sal-ammoniac,  and  of  Wanklyn  and  Kobinson  on  monohydrated  sulphuric 
acid  and  pentachloride  of  phosphorus,  which  will  be  described  hereafter  ^.  817),  point 
to  the  same  conclusion.  On  the  other  hand,  the  recent  experiments  of  JDeville  and 
T roost  (Ann.  Ch.  PhamL  cxxvii.  274)  throw  considerable  doubt  upon  the  reidity  of 
these  supposed  decompositions  and  recompositions,  at  least  in  the  case  of  ammonia^ 
salts.  These  chemists  find  indeed :  1.  That  sal-ammoniac  bears  without  decomposition 
a  temperature  at  which  free  ammonia  is  in  great  part  resolved  into  its  elements,  and 
that  when  the  heat  is  raised  high  enough  to  decompose  the  salt,  the  result  is  a  mixture 
of  hydrochloric  add,  hydrogen,  and  nitrogen ;  moreover,  a  mixture  of  these  three  gases 
passed  through  a  tube  heated  to  dull  redness,  does  not  form  sal-ammoniac  Bromide 
and  iodide  of  ammonium  yield  similar  results. — 2.  Cyanide  of  ammonium,  which  is 
produced  at  1000^  C.  by  the  action  of  ammonia  on  charcoal,  cannot  be  resolved  into 
prufisic  acid  and  ammonia  at  100^  C,  though  at  that  temperature  its  vaj)Our-density 
corresponds  to  a  four-volume  condensation. — 3.  Hvdrochlorate  of  ethylamine  is  not  re- 
polved  by  heat  into  ammonia  and  chloride  of  ethyl ;  neither  can  it  be  produced  by  the 
direct  union  of  those  two  gases. 

With  regard  to  those  cases  in  which  the  observed  density  of  the  compound  gas  or 
vapour  is  greater  than  it  should  be  according  to  calculation,  it  has  been  found  that 
some  of  the  exceptions  arise  from  the  vapour  actually  exhibiting  a  greater  denmty  at 
temperatures  not  far  above  the  boiling  point  of  the  liquid,  than  at  temperatures  high 
enough  to  bring  it  into  that  state  in  which  its  physical  properties  agree  in  all  respects 
with  those  of  permanent  gases.  Tliis  has  long  been  known  to  be  the  case  with  acetic 
acid  and  a  few  of  its  homologues,  viz.  formic,  butyric  and  valerianic  adds,  and  the 
same  anomaly  has  recently  been  demonstrated  by  PI  ay  fair  and  Wanklyn  (Chem. 
Soc.  J.  XV.  166),  in  the  case  of  pemitric  oxide,  NO*,  which  at  97*6<^  C.  has  a  density  of 
1-783  (air  «  1)  whereas  at  24-6o  it  is  2*62,  and  at  ll-3o,  it  is  2*69.  The  firstof  these 
densities  corresponds  nearly  with  the  formula  NO*,  the  hitter  approximates  to  that 

AfL  92 

required  by  N*0*:  for  NO*  gives  ~  x  00693  -  1693 ;  and  N*0*  gives  ^  x  00693 

««  3-188.  Hence  it  would  appear  that,  at  all  the  temperatures  observed,  the  gas  is  a 
mixture  of  two  polymeric  compounds,  and  at  100°  Cf,  or  above,  it  consists  for  the 
most  part  of  NO*. 

The  vapour-densities  of  mercuric  chloride,  ethylide  of  mercury,  ethylide  of  zinc,  and 
methylide  of  zinc,  which  corr^pond  fo  1  vol  of  vapour  of  their  molecules,  as  repre- 
Bented  by  the  formulse  HgCl,  C*H*Hg,  C*H*Zn,  CH'Zn,  respectively,  become  normal  and 
correspond  to  2  vols,  if  ue  atomic  weights  of  mercury  and  zinc  are  doubled,  as  is  now 
generally  done,  and  these  molecules  are  accordingly  represented  by  the  formuls  Hg''Cl*, 
C^H'^Hg",  C^H'^Zn",  and  C*H«Zn". 
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C^ASSBt  I»ZFFll9S€»ir  07.     All  g^es,  er^n  when  under  enstii^ 

tbfy  do  not  enter  into  ciiemical  combin^iHoii,  yet  diifuse  thexnselTCM  thrcNigli  mwiMtlHr 
and  form  a  nmfurm  mixture,  though  their  specific  grtiTities  nuiy  be  verj  d^ 
thcj  may  he  kept  «xteniallj  at  perfr^trest,  I^  for  example,  two  bottlcji  b«  < 
hy  an  upright  glftas  hihMC,  10  indies  long  and  ^  inch  wide,  the  upper  bottl«  1 
witil  hyoTj^a,  nitrogen,  nitric  oxide,  or  common  air,  and  the  lover  with  the  he 
earbome  anhydride,  or  tho  upper  with  hydrogen  and  the  lower  with  iHjmmon  mir,  i 
sen,  oxygen,  or  nitric  oxide,  a  portion  of  the  hearier  ga«  will  alter  a  few  hours  be  Ibnaj 
in  the  upper  bottle,  and  aft^r  two  or  three  daya  both  bottles  will  oootftizi  the  two  gasci 
in  the  aame  proportion  (Dal ton,  PhiL  Mag.  xxit.  8).  The  aame  result  wa*  olit^iwd 
by  Bert  hoi  let  (M^m.  d'Arcneil,  iL  463)  with  a  tube  10  inchea  long  and  {  (if  sa 
inch  wide,  placed  in  a  cellar  where  no  change  of  temperature  coold  take  plafv  to  Ml 
tiie  gaaea  in  motion.  When  hydrogen  wna  the  gaa  contained  in  the  upper  TeweC  tit 
two  gnset  wore  found  to  be  uniformly  mix<jd  in  12  diiy§  ;  but  wheli  air,  oacygta^  m 
nitrogen  was  contained  in  the  upper  ireseel  and  carbonic  anhydride  in  the  Imrer,  i 
weeks  elapsed  befbre  the  mixtitre  became  perfectly  uniform. 

If  a  cylinder  filled  with  any  gas  and  puced  in  a  horizontal  position  be  made  to 
communicate  with  tho  external  air  by  means  of  a  tube  bent  at  ri^t  anglea,  the  end  of  j 
the  tube  beiae  directed  downwards  when  the  gas  is  lighter,  asd  upwards  when  it  if  | 
hearicr  than  me  air,  the  gas  will  grddoaidly  escape  fh?m  the  eylinder»  its  pis 
supplied  by  the  air.    Ac^nding  to  Graham, 

Of  too  Tolumes  of  gas  there  disappeared : 

Sp.gr. 

1        Hydrogen     .... 
8       Light  carburetted  hydrogen  . 
B'5    Ammonia     .        »        .        . 
14        Olcfiimtgas. 
22       Carbonic  anhydride 
32       Sulphurous  anhydride  . 
35*4     Chlorine       .        .        *         , 

From  this  it  sppeare  that  g<u»06  e«»ap«  the  more  i^uickly  the  lightar  they , 

their  expansive  power,  or  diffttsibi/iti/,  varies  neariy  in  the  inTecse  rstio  of  the  sqnart 
roots  of  their  specific  giavities.  Thus  47  meastires  of  hydrogen  escaped  in  two  hour>» 
and  the  same  roltune  of  carbonic  anhydride  in  10.  Kow  wis  proportion  of  1  :  5  ic 
nearly  that  of  the  square  root  of  1  (spec  grav.  of  hydrogen)  to  the  aqnaze  root  of  21 
(b-pec*  grav.  of  carbonic  anhydride). 

If  the  cylioder  contains  a  mixture  of  two  RSses,  the  more  diffnsible  of  the  two  viU 
escape  in  greater  proportion  into  the  BiTf  ana  the  lees  dilfufiible  in  smaller  pumntion, 
than  if  each  gas  were  cociained  in  the  cylinder  alone.  TliU9»  of  60  meiisiiree  or  hydio* 
gen  and  50  of  olefiant  pas,  there  escape  in  10  hours  47*7  mcasurwi  of  the  fbrmct 
VI'5  of  the  latter:  similarly  47  measures  of  hydrogen  and  20  of  carbonic  luih, 
though  in  these  cases  the  opening  of  the  bont  tube  is  directed  downwur!-! : 
in  4  hoars  there  escape  26  8  vols>  of  marsh-gas  and  125  of  carboiue  n  W 

22^8  of  marsh^gas  ttnd  18  8  of  oleflant  gas.    If  two  bottles  be  conia  ihir 

by  A  tnbe  placed  in  a  vertical  position,  tht^  lower  V^ottle  being  seven  timee  a^  Ujcao  v 
the  upper  and  fUled  with  carbonic  anhydride,  while  the  upper  one  ia  filled  with  a 
mixture  of  hydrogen  and  olefiant  g-as  in  equal  vohvmos,  the  upper  vessel  wOJ,  liter  lU 
hours  be  found  to  contain,  bc'sides  carbonic  anhydride,  a  quantity  of  oleflant  jglUlwiKas 
volume  ia  4  times  as  givat  as  that  of  the  hydrogen  still  remaining;  the  uMtT  has 
thfirtofore,  in  spite  of  its  greater  levity,  diflnsed  itself  through  the  lower  Trawfl  WlUl 
great-cr  rapidity.     (Grahiim,  Qn*  Jour,  of  Sc  vi.  74.) 

In  the  same  manner  also  vapours  diffuse  themselves  thromgh  ooe  another  aa4 
through  the  more  permanently  elastic  fluids. 

When  diflerenl  elastic  flui^ls  have  once  diiliiM'd  themselves  uniform)/  th|iM«gh  mm 
another,  they  never  separate  ngain  accordinn  to  their  diffisrent  specific  gn&rilte^  ibr 
however  long  a  time  the  mixture  may  be  Itft  at  rest. 

So  great  indeed  its  tho  tendency  of  gases  to  diffuse  through  one  another,  that  this 
mixture  or  ]nterdif!lu<ioa  likewise  takes  place  wh^n  tho  gases  communicate  whh 
each  other  thrrmgh  minute  pores  or  apertures  of  inscnmblo  msgnitude,  Priestley 
(£lrp.  and  OU.  on  dtfftrmt  Artnds  o/air^  iii  29),  in  transmitting  gases  through  ^tone- 
Wiire  tubes  surroundt^d  by  burning  fuel,  observed  that  the  tubes  were  porous  and 
that  the  gas  escaped  outwurds  into  the  tire,  wli^le  at  the  same  time  the  gases  frcvm 
the  fire  penetrated  into  the  tube,  ereti  though  the  gns  within  ih*y  tnV-o  w*s 
in  II  compressed  state.     Dobereincr  in  1826  m;idc  the  remnrkiiT  Imt 

I13  drogi'ii  kept  in  a  cracked  glufis  reeeiver  stnnding  over  wuter  "^ 

thrcmgh  the  cnick  into  thr*  stirrounding  air,  the  wati'r  under  the  r^ 
height  of  rtbotit  2^  inchop  ahovt*  th**  uut^r  level.     Tht-  remaining  '  I 
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7  pep  cent  of  mtpogen,  but  no  oxygen.  If  the  pecoiver  be  filled  with  oxygon  and 
nitrogen  instead  of  hydrogen,  nothing  will  escape  irom  it.  In  the  same  manner 
liydpogen  escapes  out  of  bottles  closed  even  with  well-gpound  stoppers,  if  the  stoppers 
are  not  greased.     (Dobereiner.) 

Qraham  (Elements  of  Chemistry^  2nd  ed.  L  87),  in  repeating  Dobereiner's  experi- 
ment and  yarying  the  circumstances,  obserred  that  hydrogen  never  escapes  outwards 
by  the  fissure,  without  a  certain  portion  of  air  penetrating  inwards ;  in  fact^  that  when 
hydrogen  gas  communicates  with  air  through  such  a  chink,  the  air  and  hydrogen 
exhibit  a  powerful  disposition  to  change  places,  a  particle  of  air  however  exchanging 
with  a  particle  of  hydrogen,  not  of  tne  same,  but  of  3 '8 3  times  its  own  magnitude. 
And  by  extending  the  observation  to  different  gases,  with  an  instrument  admitting  of 
exact  measurement  of  the  rate  at  which  the  interchange  took  place,  it  was  found  that 
the  diffusion  of  gases  through  porous  septa  is  regulated  by  the  same  law  as  when  they 
communicate  freely  with  one  another,  namely,  that  the  relative  diffimbilities  are  tn- 
vereely  ae  the  square  roots  of  the  densities. 

The  instrument  with  which  these  observations  are  made  is  called  a  diffusion- 
tube  or  diff  usiometer.  It  consists  of  a  glass  tube,  nearly  an  inch  in  diameter,  from 
six  to  fourteen  inches  long,  open  at  one  end,  and  having  the  other  end  closed  by  a  thin 
diaphragm  of  some  porous  substance.  The  material  originaUy  used  was  gypsum, 
which  was  applied  by  thrusting  into  the  tube  a  cylinder  of  wood  of  somewhat  smaller 
diameter,  so  as  to  occupy  the  whole  of  it  with  the  exception  of  about  a  fifth  of  an  inch, 
which  space  was  then  filled  with  gypsom-paste,  of  the  consistence  commonly  used  for 
taking  casts.  The  plaster  sets  in  a  few  minutes,  and,  on  withdrawing  the  wooden 
cylinder,  forms  a  receiver  dosed  by  an  immovable  plate  of  stucco,  which,  though  air-tight 
in  the  wet  state,  is  permeable  to  gases  when  dried  by  exposure  to  the  air  for  a  day. 

When  such  a  ^iffiision-tube,  ten  inches  long,  is  filled  with  hydrogen  over  mercury, 
the  interchange  of  air  for  hydrogen  takes  place  through  the  minute  pores  of  the  stucco 
with  such  rapidity,  that  in  three  minutes  the  mercury  inside  the  tube  attains  a  height 
of  three  inches  above  that  in  the  trough,  and  in  twenty  minutes  the  whole  of  the 
hydrogen  has  escaped.  In  making  such  an  experiment  over  water,  it  is  necessary  to 
avoid  wetting  the  stucco.  With  this  view,  the  shorter  leg  of  an  inverted  siphon  is 
introduced  into  the  diffusion* tube  to  within  an  inch  of  the  stucco,  and  the  tube  is  then 
sunk  in  the  water-trough,  so  that  the  air  escapes  by  the  siphon,  with  the  exception  of 
a  small  quantity,  which  is  noted.  The  diffusion-tube  is  then  filled  up,  either  entirely 
or  to  a  certain  extent,  with  the  gas  to  be  diffused.   (Graham,  PhiL  Mag.  1834,  voL  ii) 

In  experiments  made  for  the  purpose  of  determining  the  exact  proportion  between 
the  gas  diffused  and  the  air  which  replaces  it,  it  is  necessary  to  guard  against  any 
inequality  of  pressure,  hj  placing  the  diffusion-tube  in  a  jar  of  water  or  mercuiy,  and 
filling  the  jar  with  the  hquid  in  proportion  as  it  rises  in  the  tube.  Bun  sen  (Gaso^ 
nutry^  p.  200)  has  adapted  a  lever  arrangement  to  the  diff\ision-tube^  by  which  tne  ad- 
justment of  the  level  is  greatly  facilitated 

A  superior  material  for  the  porous  plate  is  now  found  by  Graham  in  the  artificially 
compre^ed  graphite  of  Mr.  Biockedon,  of  the  qiiality  used  for  making  writing  pencils. 
This  materi^  is  sold  in  London  in  small  cubic  masses  about  two  inches  square.  A  cube 
may  easily  be  cut  into  slices  of  a  millimetre  or  two  in  thickness  by  means  of  a  saw  of 
steel  spring.  By  nibbing  the  surface  of  the  slice,  without  wetting  it,  uj^n  a  fiat  sand- 
stone, the  thickness  may  be  fiirther  reduced  to  about  one-half  of  a  millimetre.  A  cir* 
cular  disk  of  this  graphite,  wlii(^  is  like  a  wafer  in  thickness  but  possesses  considerable 
tenacity,  is  attached  by  resinous  cement  to  one  end  of  the  glass  tube,  above  described, 
so  as  to  close  it  and  torm  a  difFusiometer.  The  tube  is  filled  with  hydrogen  gas  over 
a  mercurial  trough,  the  porosity  of  the  graphite  plate  being  counteracted  for  the  time 
by  covering  it  tightly  with  a  thin  sheet  of  gutta  percha.  On  afterwards  removing  the 
latter,  gaseous  diffusion  immediately  takes  place  through  the  pores  of  the  graphite. 
The  whole  hydrogen  leaves  the  tube  in  forty  minutes  or  an  hour,  and  is  replaced  by 
a  much  smaller  proportion  of  atmospheric  air  (about  one-fourth),  the  mercuiy  rising  in 
the  tube,  if  allowed,  so  as  to  form  a  column  of  several  inches  in  height — a  fact  which 
illustrates  strikingly  the  intensity  of  the  force  with  which  the  inteipenetration  of  different 
gases  is  effected.  Native  or  mineral  graphite  is  of  a  lamellar  structure,  and  appears  to 
have  little  or  no  proeity :  it  cannot  be  substituted  for  the  artificial  graphite  as  a  dif- 
fusion septum.     Unglazed  earthenware  comes  next  in  value  to  graphite  for  this  purpose. 

Dry  and  sound  cork  also  forms  a  very  good  material,  but  permits  the  diffusion  to 
go  on  but  very  slowly,  not  being  suf&ciently  porous :  so  do  thin  slips  of  many  granular 
foliated  minerals,  such  as  flexible  dolomite ;  charcoal,  woods,  and  dry  bladder  may  also 
be  used  for  the  same  purpose. 

Tlie  following  table  exhibits  the  densities  of  several  gases ;  thfe  square  root  of  the 
density,  or  the  calculated  ratio  of  the  times  required  for  the  diffusion  of  equal  volumes, 
that  of  air  being  assumed  «  1 ;  the  reciprood  of  the  square  root^  or  the  calculated 
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CaHiOnie  oxid^ 

0^678 
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1-0149 

Nitrrjg«n     . 
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0^ft56 

1-0147 

1-0146 

Ethyl«M5    . 

0-978 

0^889 

1-0112 

1-0191 

Nitric  oxide 

1-039 

1^196 

0«06 

Oxraen 
Hufphydric  acid 

1-1056 

1^15 

OS510 

r»4S7 

11912 

1-0914 

0^162 

OM 

KitroiM  oxide 

1-527 

1-2S57 

08092 

0-82 

Cftr>*onic  anhydride 

1-52901 

1-2365 

0*8067 

»«12 

Hulphurotiii      „ 

2-247 

1-4991 

0^671 

0« 

The  agraement  between  the  obsenred  and  ealeolated  ntes  of  diffhaon  cxliibited  in 
ihia  taUe  is  Tety  cloee.  It  ia  only,  bowerer,  ^en  the  diaphragm  thio^gh  which  the 
diffbaion  takes  place  ia  tctj  thin,  not  exi^eding  |  of  an  inch  lor  staeeo*  that  this  cioae> 
neas  of  agrocment  ia  obaerred.  When  thicker  diapfaragoks  are  ved,  the  gases  hare  to 
pass  thii»Q^  a  number  of  long  capillary  tubes,  the  sides  of  whidi  offer  to  the  passage 
of  a  sas  a  xwastanee  analogous  to  that  of  friction,  and  thcRfiore  idud  its  BotiGn 
considersldT.  In  £k1.  the  passage  of  gases  through  eaxnilazy  tabea»  eaDed  "Transpira- 
tion,'* is  regulated  by  laws  totally  distinct  from  those  of  diffbsion ;  the  fonner  is 
a  moTement  of  maanm,  the  latter  of  molecules.  (See  Gana,  TnaxsPiRAnav  or,  dl  820.) 

The  rcaistaDoe  of  a  capOlazy  tube  to  a  gas  passing  throo^  it  is  propoHiaosl  to  the 
sufiee!,  and  consequently  increases  as  the  tube  or  tubes  are  multiplied  in  number  and 
diminished  in  diameter,  with  the  area  of  dischaigepreserredeonstanL  Ae  resistance  to 
the  passage  of  a  liquid  through  a  capillary  was  oDserred  by  PoiseuHIe  to  be  nearly  as 
the  fourth  power  ox  the  diameter  of  the  tube.  In  jgueB  the  ramstapce  abo  rapidly  in- 
creases^ but  in  what  ratio  has  not  been  obserred.  The  conseqnenee,  howeret;  is  certain 
that,  as  the  diameter  of  the  capillaries  may  be  diminished  beyond  anj  aaaignable  limiU 
so  the  flow  may  be  retarded  indefinitely,  and  caused  at  last  to  becooae  too  amall  to  be 
sensible.  We  may  therefore  hare  a  mass  of  capiUaries  of  which  the  passages  form  a 
laree  aggregate,  Imt  which  are  indiyidnally  too  amaU  to  permit  a  sensible  flow  of  gas 
under  pressure.  A  poroos  solid  mass  may  possess  the  same  reduced  penetrability  as 
the  congeries  of  capillary  tubea.  Indeed  the  state  of  porosity  described  appears  to  be 
more  or  less  closely  approached  by  all  loosely  agp7<^gated  mineral  masses,  such  as  lime- 
plaster,  stucco,  chalk,  baked  day,  non-crystaUuie  earthy  powderB^  like  hjdrate  of 
lime  €fr  magnesia^  compacted  by  pressure,  and  in  the  highest  aegree  perhaps  by  artificial 
graphite. 

A  plate  of  artificial  graphite,  although  it  appears  to  be  practicanj  impenetrable  to 
gaa  m  the  mass,  is  readuy  penetrated  by  the  aeen<gr  of  the  molecular  or  diffusive 
morement  of  gases.  This  appears  on  comparing  the  times  required  for  the  passage  of 
equal  volumes  of  different  gases  under  a  constant  pressure.  Of  the  following  three 
gases,  oxygen,  hydrogen,  and  carbonic  anhydride,  the  times  required  for  the  passage  of 
an  equal  volume  of  each  through  a  capillary  glass  tube,  in  similar  drenmstances  as  to 
pressure  and  temperature,  are  as  follows : 

ThBsofcapillwj 


Oxygen 1 

Carbonic  anhydride 0*72 

Hydrogen 0-44 

Dut  through  a  plate  of  graphite,  of  half  a  millimetre  in  thickness,  the  same  gases 
wen<  observtid  to  pass,  under  a  constant  pressure  of  a  column  of  mercury  of  100  milli- 
metros  in  height,  in  times  which  are  as  follows : — 

Time  of  molecular  Square  root  of  density 

pauage.  (oxygen  1). 

Oxygen 1  ....     1 

Hydrogen 0*2472    ....    0*2602 

Carbonic  anhydride       .        .        .     1-1886    ....    1*1700 
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It  appears  then  that  ^e  times  of  passage  through  the  graphite  plate  have  no  relation 
to  the  capillary  transpiration  times  of  the  same  gases.  Tne  times  in  qu  estion,  however, 
show  a  close  relation  to  the  square  roots  of  the  densities  of  the  respective  gases,  as  is 
seen  in  Uie  last  Table ;  and  so  far  thej  agree  with  the  theoretical  times  o/  diffusion 
usually  ascribed  to  the  same  gases. 

The  experiments  were  varied  by  causing  the  gases  to  pass  into  a  Torricellian  vacuum, 
and  consequently  under  the  fhll  pressure  of  the  atmosphere.    The  times  of  penetration 

of  equal  volumes  of  gases  were  now—  

Timet.  ^Dwltf, 

Oxygen 1  ....     1 

Air 0-9601     ....     0-9607 

Carbonic  anhydride       .        .        .     11860    ....     11760 
Hydrogen  ...     0*2606     ....    0*2602 

This  penetration  of  the  graphite  plate  by  gases  appears  to  be  entirely  due  to  their 
own  proper  molecular  motion,  quite  unaided  by  trantrpiration.  It  seems  to  offer  the 
simplest  possible  exhibition  of  the  molecular  or  difihsive  movement  This  pure  result 
is  to  be  ascribed  to  the  wonderMIy  fine  porosity  of  the  ^phite.  The  interstitial  spaces, 
or  channels,  appear  to  be  sufficientlv  small  to  extinguish  transpiration,  or  the  passage 
of  masses,  entirely.  The  graphite  oecomes  a  molecular  sieve,  allowing  molecules  only 
to  pass  through. 

With  a  plate  of  stucco,  the  penetration  of  gases  under  pressure  is  very  rapid,  and 
the  volumes  of  air  and  hydrogen  passing  in  equal  times  are  as  1  to  2*891,  which  is 
a  number  for  hydrogen  intermediate  between  its  transpiration  volume  2*04  and  divi- 
sion volume  3*8 ;  showing  that  the  passage  through  stucco  is  a  mixed  result* 

With  a  plate  of  biscuit-ware,  2*2  mm.  in  thickness,  the  volume  of  hydrogen  rose  to 
3*754  (air  =  1),  approaching  closely  to  3*8,  the  molecular  ratio. 

The  rate  of  passage  of  a  gas  through  graphito  appeared  also  to  be  closely  propor- 
tional to  the  pressure. 

Further,  hydrogen  was  found  to  penetrate  through  a  ^phit«  plate  into  a  vacuum 
with  sensibly  the  same  absolute  velocity  as  it  diffused  into  air,  establishing  the  im- 
portant fact  that  the  impelling  force  is  the  same  in  both  movements.  (Graham, 
Fhn.  Trans.  1863.) 

The  passage  of  a  gas  throngh  a  gn^hite  plate  into  a  vacuum  if  due  entirely  to  its 
intestine  molecular  or  difiusive  movement,  and  is  to  be  distinguished  from  the  passage 
of  gas  through  a  minute  opening,  such  as  a  puncture  made  by  a  fine  needle  in  platinum 
foil    (See  Gases,  Effusion  of.) 

Separation  of  Gases  hy  Diffusion,  Atmolysis. — A  partial  separation  of 
mixed  gases  and  vapours  of  unequal  dififusibility  can  be  effected  by  allowing  the  mix- 
ture to  permeate  through  a  graphite  plate  into  a  vacuum,  as  was  to  be  expected  from 
the  preceding  views.  The  amount  of  the  separation  is  in  proportion  to  the  pressure, 
and  attains  its  maximum  when  the  gases  pass  into  a  nearly  perfect  vacuum.  When 
a  portion  of  air  confined  in  a  jar  is  allowed  to  penetrate  into  a  vacuum  through 
graphite  or  unglazed  earthenware,  the  nitrogen  should  pass  more  rapidly  than  the 
oxygen  in  the  proportion  of  10668  to  1 ;  and  the  proportion  of  oxy^  be  propor- 
tionally increased  in  the  air  left  behind  in  the  jar.  The  increase  in  the  oxygen 
actually  observed  when  the  air  in  the  jar  was  reduced  from  1  volume 
to  0*6  volume,  was  0*48  per  cent 
0*26  „  0*98        „ 

0126  „  1*54        „ 

00625  „  202 

Or,  the  oi^^n  increased  from  21  to  23*02  per  cent  in  the  last  sixteenth  part  of  air 
left  behind  m  the  jar. 

The  most  remarkable  effects  of  separation  are  produced  by  means  of  the  tube^ 
atmolyser.  This  is  simply  a  narrow  tuoe  of  unelazed  earthenware,  such  as  a  tobacco- 
pipe  stem,  two  feet  in  length,  which  is  placed  within  a  shorter  tube  of  ^biss  and 
secured  in  its  position  by  corks,  so  as  to  appear  like  a  Liebig's  condenser.  The  glass 
tube  is  placed  in  communication  with  an  air-pump,  and  the  annular  space  between  the 
two  tubes  is  maintained  as  nearly  vacuous  as  possible.  Air  or  any  other  mixed  gas  is 
then  allowed  to  flow  in  a  stream  along  the  day  tube,  and  collected  as  it  issues.  The 
gas  so  atmolysed  is  of  course  reduced  in  volume,  much  gas  penetrating  through  the  pores 
of  the  day  tube  into  the  air-pump  vacuum ;  and  the  more  slowly  the  gas  is  collected, 

■  This  may  perhi^M  explain  tb*  retalta  obUined  bjr  Bonseo  who  used.  In  bis expcrtmenU  on  diflVi* 
sion.  a  stucco  diaphragm  of  coostderable  thlckneM.  and  was  led  to  conclude  that  the  pores  of  gypsum 
act  upon  gases,  not  as  a  aeries  of  floe  openings,  bnt  as  a  series  of  capillary  tubes,  and  thence  to  call  la 
question  Uie  truth  of  the  lav  of  gaseous  dlflUsloo  through  porous  diaphragms  deduced  from  Graham*! 
experlnentt.    (See  Bumssn'i  Omtntetrif,  p.  2USi  alio  QraJktm**  EiamemUt  fad  ed.  U.  GM.) 
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the  greater  ia  the  proportional  loss.  In  the  gas  collected,  the  densai^  oonstitnenf  of 
the  mixture  is  thus  concentrated  in  an  aritlunetical  ratio,  while  the  T<dnme  of  the 
gas  is  reduced  in  a  geometrical  ratio.  In  one  experiment,  the  proportion  of  ozygeo  ia 
the  air,  after  traversing  the  atmolyser,  was  increased  to  24 '50  per  cent^  or  16*7  npoa 
100  oxygen  originally  present  in  the  air.  With  gases  differing  so  much  in  density 
and  diffiisibility  as  oxygen  and  hydrogen,  the  separation  is  of  course  much  more  odd- 
siderable.  The  explosive  mixture  of  two  yolomes  of  hydrogen  and  one  Tolnme  of 
oxygen,  gave  oxygen  containing  only  9*3  per  cent  of  hydrogen,  in  which  a  taper  boned 
without  explosion ;  and  with  equal  volumes  of  oxygen  and  hydrogen,  the  {nopoztioa  of 
the  latter  was  easily  reduced  from  60  to  6  per  cent    (PhiL  Trans.  1863.) 

The  atmolytic  method  may  sometimes  be  advantageously  applied  to  determine 
whether  a  certain  gas  is  a  mixture  or  a  .simple  gas ;  to  distinguish,  for  example 
marsh -gas,  CH\.  from  a  mixture  of  equal  measures  of  hydrogen  and  hydride  of  etbyl, 
H*  +  C*H*,  each  of  which  would  give,  when  detonated  with  oxygen,  the  same  pr^xu*- 
tion  of  carbonic  anhydride  and  water.  But  suppose  thai,  after  the  proportions  of 
carbon  and  hydrogen  have  been  thus  determined,  a  portion  of  the  mixture  is  nb- 
mitted  to  diffusion,  and  the  residue  again  analysed ;  the  proportions  of  carbon  and 
hydrogen  will  then  remain  unaltered,  if  the  gas  consists  of  marsh-gas,  whereas  if  it 
is^a  mixture,  the  proportion  of  hydrogen  will  l^  found  less  than  before  the  difibsioo. 
The  method  of  diffusion  has  ^so  &en  applied  to  detennine  whether  certain  com- 
)unds,  which,  like  hydrochlorate  of  ammonia,  yield  anomalous  vapornvdensitic* 
_.  811),  are  resolved  at  high  temperatures  into  their  components,  thus  yielding 
vapours  which  are  no  longer  diemical  compounds,  but  mixtures.  This  mode  of  at- 
tacking the  question  was  first  proposed  by  Play  fair  andWanklyn  (Edinb.  PhiL 
Trans.  voL  xxii  Part  3 ;  Chcm.  Soc.  J.  xv.  142),  and  has  been  carried  out  as  follovs 
t)y  Pebal  (Ann.  Ch.  Pharm.  cxxiv.  199).  A  plug  of  asbestos,  c,  supporting  a  few 
fragments  of  sal-ammoniac,  d,  is  placed  within  a  vertical  tube,  c  (fy,  516),  drawn  out  to 
capillary  end,  and  supported  within  a  wider  tube  d,  closed  at  the  top,  the  whole  being 
surrounded  by  a  charcoal  furnace.  Both  tubes  project  below  the  furnace,  and  are 
closed  at  the  bottom  with  corks,  through  each  of  which  pass  two  bent  tubes,  the  one 
for  admitting  a  stream  of  hydrogen,  the  other  for  carrying  it  off.  The  heat  of  the 
burning  charcoal  volatilises  the  hydrochlorate  of  ammonia  in  the  inner  tube  above 
the  asbestos  plug ;  so  that,  if  the  salt  is  actually  resolved  into  hydrochloric  add  and 
ammonia,  the  latter,  being  the  more  diiSusible  of  the  two,  will  diffuse  downwards 
through  the  plug  into  the  hydrogen  in  the  inner  tube  c,  and  may  be  demonstrated 
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Fig.  617. 


by  causing  the  issuing  gas  to  come  in  contact  with  a  piece  of  reddened  litmus  paper, 
a,  while  the  less  diffusible  hydrochloric  acid  will  remain  mixed  with  the  hydrogen  m 
the  space  d  between  the  two  tubes  ;  and  its  presence  may  be  demonstrated  by  placing 
a  piece  of  blue  litmus  paper,  b,  in  contact  with  the  gas  which  issues  from  that  space, 
buch  indeed,  is  found  to  be  the  case;  hence  Pebal  concludes  that  the  sal-ammoniac 
has  been  actually  resolved  by  the  heat  into  hydrochloric  acid  and  ammonia. 

Messrs.  Wanklyn  and  Robinson  (Proc.  Kov.  Soc  xii  307)  object  to  this  conclu- 
sion, that  the  decomposition  of  the  sal-ammoniac  in  Pebal's  apparatus  is  piobab^  effected 


GASES,  DIFFUSION  OF. 


817 


by  tli<?  firtinn  of  tlie  finely-dmded  ailicat'e  fomuug  the  porous  diaphragm,  iujisrauch  aa 
t£e  udd  of  th^t  fiolt,  hadng  an  iodefiaitc'  capacity  of  BatoraUon,  may  t^e  up  tho 
ammoniii  and  H<*t.  the  hydrocMoric  acid  free.*  Tbey  therefowj  discard  the  mte  of  a 
porous  diaplir*ij;m  altogether,  iitid  allow  the  vapoun*  to  diffufie  through  a  simple  aper- 
ture, as  in  Graham's  original  exf^frimenta  (p.  81 1).  The  apparatus  used  coiisistii  of 
two  glass  ^aska  (fy.  617),  the  necks  of  which  do  not  ftt  air-tight:  the  narrow  tub* 
proceeding  from  the  upper  one  is  fuaed  into  it.  The  lower  Aaj$k  is  for  the  reception  of 
the  vapour  to  be  operated  on ;  the  upper  tla^k  is  for  the  atmottphere  into  which  the 
Tl^ur  is  to  he  diffused.  The  atmosphere  of  dry  air,  or  other  ^uit^ble  giis,  is  kept 
constantly  renewed  by  the  tmnsmissioD  of  a  slow  stream  of  gas,  which  enters  the  upper 
fiaak  by  the  narrow  tube^  and  passes  out  hj  the  space  between  the  two  neck».     The 


whole  apparatus  is  kept  at  a  tempemture  above  the  condensiiig  point  of  the  rapour  by 
meana  of  att  air-batL  After  the  dtflfiislon  baa  gone  on  for  a  fiullleient  teti^h  of  time, 
the  ^ipanituB  i»  left  to  cooV  and  the  oootoDta  of  the  lower  flask  are  analy'^'d,  by  which 
tnaatifi  it  is  seen  whether  diffusion  haa  eSected  any  alteration  in  the  eompodition  of  the 
Taponr. 

Suiphwric  acid  thus  treated  is  re«o]ved  int«3  water  and  Bul^haric  anhydride,  the 
vapour  of  water  diffusing  more  readily  than  that  of  the  anhydride,  and  cunsequently 
leanng  in  the  lower  flask  a  r«*siduo  richer  in  sulphuric  anhydride  than  the  acid  before 
diffiision.  la  one  eipriment,  an  acid  compoBeil  of  96  pti(,  monohydrated  sulphuric 
acid  and  6  walpr,  diffused  for  an  hour  at  620^  C,  left,  a  residue  com|»osed  of  60  pts. 
SO*H*  and  40  SO*.  In  another  experiment,  a  mixture  of  99  pta.  SO*H"^  and  water, 
left»  after  diiTusion  for  a  shorter  time  at  446^  C,  a  residue  containing  75  SO'H=  and 
25  SO^,  lu  both  cimes  the  residues  filmed  strongly  on  exposure  to  the  air»  and  con- 
sii^ted  jiartly  of  crystals  and  partly  of  liquid. — Ptfitachloride  e/P/ba^Aonu  diffbaed 
into  carbonic  anhydride  for  three  quarters  of  an  hour  at  300°  C,  was  resolred  into  five 
chlorine,  which  was  found  in  the  diffhsed  gases  by  the  reaction  with  iodide  of  potassium 
and  6tan?h,  and  trichloride  of  phosphorus,  which  remained  in  the  flask,  and  when 
tr»vit«i  with  water  yielded  phosphorous  acid,  which  reduced  corrosive  wiblimate  to 
ciUomel. 

These  experiments,  as  well  as  that  of  Pehal^  cannot  be  looked  upon  as  quite  de- 
cisive of  the  quGstiau  which  they  were  Intended  to  solve :  for  it  is  possible  that  the 
decompositioiis  observed  may  have  been  detennint^d,  at  least  in  part,  by  the  tendency 
of  the  more  diffusive  vaponr  to  eipflnd  into  the  atmosphere  of  hydrogen  or  cartronic 
anhydride.  At  all  events,  the  experiments  of  Deville  and  Troo«t  alr«*aay  cited  (p.  811) 
show  conclasively  that,  at  least  in  the  ca^e  of  ammouia-satttf,  the  supposed  decomposi* 
tion  ia  not  brought  about  bj  the  action  of  heat  alone. 

Theory  of  Diffusion. — The  difl^on  of  sbsea  through  one  another  was  regarded 
by  Dal  ton  as  a  necessary  consequence  of  the  self-repulsive  property  of  the  panicles  of 
gaseoiis  bodies.  He  considered  that  each  gna  expands  into  the  space  occupied  by  the 
other  just  as  it  would  int^^  a  vacuum ;  and,  in  fact,  experiment  shows  that  the  vdodtiea 
with  which  gases  difihse  into  each  other  are  to  one  another  in  the  same  ratio  as  the 
velocities  with  which  they  rush  into  a  Taamm  through  an  aperture  in  a  thin  plate 
(p.  81S).  The  ultimate  result  is  certainly  in  accordance  with  Balton  a  view  ;  still  wo 
cannot  suppose,  as  he  did,  that  gases  act  aa  abaolate  vacua  to  each  other;  for  the  actual 
rate  of  diffusion  of  any  gas  is  many  thousand  tiniea  slower  than  the  eflbaion  of  the  lamo 
gas  into  a  vacuum. 

But  though  Da! ton's  hypothesis  cannot  be  admitted,  we  must  still  regard  the  diflfu- 
sion  of  gases  as  a  consequence  of  that  intestine  movement  of  molecules  which  is  now 
generally  recognised  as  an  essential  property  of  the  gaseous  condition  of  matter. 
According  to  this  view,  a  gas  is  repreaented  as  consisting  of  solid  and  perfectly 
elastic  spherical  particles  or  atoms,  which  move  in  all  directions^  and  are  animated 
with  difKTent  degrees  of  velocity  in  dilft;rent  gaaea.  Conflned  in  a  vessel,  the  moving 
particles  are  constantly  impinging  against  its  sides  and  occasionally  against  each  other, 
and  Boch  ooUijiions  take  place  without  any  loss  of  motion»  owing  to  the  perfect  eks- 
ticity  of  the  particles.  Now  if  the  containing  vessel  be  porous,  like  a  difliisiometer. 
then  gas  la  projected  throngh  the  open  channels,  by  the  atomic  motion  described,  and 
escapes*  Simultaneonsiy  the  external  air  or  gas,  whatever  it  may  be,  i«  carried  in- 
waros  in  the  same  manner,  and  takes  the  place  of  the  gas  which  leaves  the  vessel  To 
the  same  atomic  or  molecular  movement  is  dae  the  elastic  force,  with  the  power  to 
resist  compression,  possessed  by  gases.  The  molecular  movement  is  accelerated  by 
beat  and  retarded  by  cold,  the  tension  of  the  gas  being  increnadd  in  the  first  instance 
and  diminished  in  the  second.  Even  when  the  same  gas  is  pneent  both  within  and 
,  Without  the  vessel,  and  is  therefore  in  contact  with  both  sides  of  the  porous  plate,  the 

•  In  lhi(  raM>,  )iaw4>Trr.  th«  bfdrocbtork  Acid  gu  mtftit  b«  »p«ctMt  to  dlfltiM  Into  ih«  hrdrof^n 
aor«  r«iidilr  than  the  amro«>»tit,  whkch,  though  not  Rbinlut<»|jr  reiaincA  bjr  the  ittlde  scld  at  tne  bigli 
'i>mfi«raturt>  of  lb«  ftnnarAtu«,  would  protwbtjr  b«  rHitrded  by  it. 
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movfinr'n^  ■-"-***•' '^'*^'"*  '''^^^'^*   ^'•'■^'^"■•^"^  continuing  to  «it«r  md 
E^ualtii  t«7d  bj  cfaiing«qf  voliUQMorflllMr- 

wise.    h  ■  jr  po«s<wsau£b]jtll«MBieflpe6J£e 

gTBTity  and  molecular  veiocit;.  n  nud  cwrlwnic  oxide  do^  ah  inierchane^  of 

iiioli*culp9  uiso  lakes  plnce  wi:  >  hnn^  in  volume.     With  giaea  oppomd  of 

unfiiiial  density  and  molecular  \  elochy,  the  amount  of  penetittfioA  eonitw  of  4MMJS4  to 
be  equal  in  both  dirccttona.  (See  Grahams  EiufimUt  Sod.  ed.  u.  449  ;  mlio  the  utkk 
Heat  in  this  dit^tionary.) 

OASSS,  BF7IISXOW  OV.     This  term  is  ascd  to  denote  ihci  paasage  of  «  ps 
ttito  a  vucuum  tlii^ou^^jh  a  minntf'  a]-H(?rfure  in  a  thin  plate  of  metal  or  other  siibttJuit^^H 
Now  it  can  bf»  sbowo,  on  mechanical  prinoijilcs,  that  the  vplocitj  with  which  s  ^^| 
rushffiinton  vntnium  througli  such  an  ai>fTlare,  is  tlit*  same  as  that  which  a  htdiT^b^^l 
would  acLiuiro  in  fulling  from  the  height  of  an  atmosphere  composed  of  th«  g?M  in 
qnestion^  iiud  of  uniform  dcnsitr  throughout.     The  height  of  such  an  atix)o«phs»  will 
be  iftverHcly  i\s  the  spe^cific  gravity  of  th?  gas,  the  atmo«:phpre  of  hydrogen,  for  e — 
being  Kixleon  times  higher  than  that  of  oii-gen,     Eut  as  the  velocity  aeqoir 
filing  Wly  varies,  not  directly  ns  the  height^  but  as  the  equare  root  of  the  he*  _ 
ibUowa  that  the  rat*  of  flow'  of  different  gases  into  a  Tacuum  must  be  inversely  a*  t 
fqtmro  root  of  their  rt'spective  deoiiitieei.     This  Uw  has  been  experimentally  i 
Graham  (PliiL  Tmrts.  1846,  p.  573).     A  jar  on  the  plate  of  an  air-pump 
vacuotis  by  continued  exhiin^tion,  and  a  measured  quantity  of  air,  or  any  ram, 
to  find  its  way  into  the  jar  through  a  minute  aperture  in  a  thin  metallic  puite^  »o3 
phitintim  foil,  made  by  a  fine  steel  point,  and  not  more  than  ^J^^  of  an  inch  in  di&metd 
With  an  iinporf<'ct  exhaustion,  the  velocity  witli  which  the  gas  flo¥re  into  the  j«  :' 
cmii^es  ni))i(lly  till  tlie  dr^ree  of  cxhaufition  amounts  to  one  third  of  an  atmosph 
Higher  degrees  of  exhiiustiou  do  not  produce  a  correwrN'tnlint^  increase  of  ▼elocSty,  J 
the  difference  of  an  inch  in  the  column  of  the  barom^ '  iirccly  ufTecta  tlie  nsh 

at  which  the  gas  enters  when  the  va^mum  is  nearly  ci  i  the  pmssure  to  whteT 

the  gas  is  subject  approaches  that  of  a  whole  atmo3|»htrt»     Tlifough  k  perforated  plat 
Boch  as  that  described,  60  cubic  inches  of  dry  air  enter^-d  the  raeaoxtfl  or  nearlji 
raeuons  receiver  in  about  1,000* seconds;  and  in  successive  crpvriments,  the  time  \ 
p2isaiige  did  not  vaty  more  than  one  or  two  seconds. 

The  velocities  of  effiision  of  different  gases  are  given  in  the  following  table : — 
Giii.  Velochjr  of  Emuioo. 

Air 1 

ITydrogen       .         ,         .         ,         .         .         .         3-613 

Marsh-^a^ ,         .         1*323 

Cai'l-iouie  oxide        .         .         .         .         .         .         1*0123 

Kitn^g.n         .......         1-0164 

Ethyh'ms         .......         1*0128 

Oxygrn 0'950 

K itri:)us  oxide  »         .         .         .         .         O'SSI 

Carbonic  anhydride 0*821 

For  gases  which  do  not  differ  greatly  from  the  air  in  specific  gravity,  these  nf*^  ror* 
respond  very  closely  with  ihu  inverse  ration  of  the  square  roots  of  the  dei  1  ^1 

therefore  with  the  rat</s  of  diffutiion  (ae<»  Table,  p.  814).     Neverthrfess,  the  j  i»  ^| 

of  diffusion  and  t^^ision  are  essentially  different  lu  their  nature,  the  efTustv*  t   ^| 

acting  masses  of  a  gas,  while  the  diffusive  moveineut  affects  only  molecu  .   H 

gAs  is  uflualiy  carried  by  the  fumier  kind  of  impulse  with  a  vrl^i'Itv  n*ni,  :   V 

times  greater  than  by  the  latter. 

Mixed  gas<^  are  effused  at  the  same  rate  as  one   gus  of  the 
mixture  ;  and  no  st^piimtion  of  the  gases  oceurri,  ilh  in  diffusion  into  ^  Vi^cuuul 

OJLSaS.  &Z<ltT&TA.CTXOir  Ami  BOZa]»I7SCATZOW  07,     See  Haat  i 

QjifiSS,  OSMOSS  OF.  This  term  is  applied  to  tho  paaaago  of  gaa«s  through^H 
tnembnuious  diaplira^^ana  such  as  caoutchouc;  bladder,  goM^heater's  skin,  &cl  The  rai«^| 
of  interc)t&nge  aepeudij  in  this  c^^  partly  on  the  relative  diffttsibilitiea  of  the  gases^ J^| 
Mf()y  on  the  f)oro9ity  of  the  membrane,  as  well  as  on  the  different  degrees  of  adliesios;  ^H 
5|Jjj;  "  '^  -  different  gases,  by  virtue  of  which  the  gn.?  ■■  ^     -'       '^     —t  ^* 

_j^  -  the  diaphragm  most  easily,  and  attaining  t 

l^rm  j.iji—  '  '  r.      If  the  membrane  is  moist,  the  result  is  1 1  :   i 

by  th<*  different  ilefirei  s  of  solubility  of  the  gases  in  the  water  or  other  liquid 

^ '  __  \  fXxict  of  caoutchouc  tied  over  the  opening  of  a  wide-mouthed  l>ottlal 

1^  ,,  ^rjiM,  is  soon  pressed  inwanla  even  to  l>ursting.     If  the  b<>ttli>  bo  filh4l 

\,    ^^,,       I  „[..  ^v.4  ill  Jin  tttmo«pbere  of  bydrt^gen,  the  swelling  and  bursting  tjiik«7 

x'   V*  •'  !r  riy*         li^  dosed  bottle  of  caoutchouc  perft>ctly  empty  does  not  di«teii<lj 
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when  placed  in  hydrogen  gns:  but  if  it  contains  a  small  quantity  of  air,  distension  takes 
place.  Almost  all  gases  excepting  nitrogen  exhibit  the  same  relations  towards  common 
air  as  hydrogen  does,  but  in  different  degrees ;  they  all  penetrate  caoatchouc  with 
various  velocities  in  order  to  mix  with  air.  In  order  to  measure  these  various 
velocities,  a  sheet  of  caoutchouc  is  tied  over  the  shorter  funnel-shaped  arm  of  a  siphon^ 
tube ;  mercury  is  poured  into  the  other  arm,  whidi  is  made  very  long,  so  that  a  portion 
of  air  may  remain  between  the  mercury  and  the  caoutchouc  ;  and  the  shorter  arm  is 
introduced  under  a  receiver  standing  over  the  mercurial  trough  and  filled  with  the  gas 
to  be  examined.  The  gas  penetrates  the  caoutchouc,  mixes  with  the  air,  and  increases 
its  volume ;  consequenUy  the  mercury  in  the  longer  arm  is  driven  upwards,  sometimes 
to  the  height  of  63  inches,  and  might  be  driven  higher  if  the  caoutchouc  could  sustain 
a  greater  pressure  without  bursting.  By  experimenting  in  this  manner  on  different 
gases,  it  is  found  that  the  same  volume  of  ammoniacal  gas  obtains  access  to  the  air  in 
1  minute,  as  of  sulphydric  acid  in  2^',  of  cyanogen  in  3  j^',  of  carbonic  anhydride  in  5^', 
of  protoxide  of  nitrogen  in  6^',  of  arsenctted  hydrogen  in  27^',  of  olefiant  gas  in  28', 
of  hydrogen  in  37^',  of  oxypun  in  1  hr.  63',  and  of  carbonic  oxide  in  2  hrs.  40'. 
Caoutchouc  appears  finom  this  to  absorb  gases  with  different  degrees  of  facility ;  of 
carbonic  anhydride  it  absorbs  its  own  volimie  and  swells  up  in  consequence.  (Mitchell, 
J.  Roy.  Inst  2,  101.) 

Animal  Mcnilfranes, — A  moist  bladder  or  moistened  gold-beater^s  skin  acts  like  a  sheet 
of  caoutchouc  (Mitchell).  A  moist  bladder,  two-thirds  filled  with  coal-gas  or  air,  swells 
when  suspended  in  carbonic  anhydride,  and  finally  bursta  In  this  experiment  as  much 
as  40  per  cent,  of  carbonic  anhydride  sometimes  mixes  with  the  coal-gas,  while  only  a 
very  small  quantity  of  the  latter  escapes  into  the  atmosphere  of  carbonic  anhydride. 
Hence  the  water  of  the  moistened  bladder  absorbs  carbonic  anhydride  and  gives  it  up 
again  on  the  inner  side  (Graham,  Qu.  J.  of  Sc.  vi.  88).  A  perfectly  dry  bladder  con- 
taining air  does  not  distend  in  carbonic  anhydride :  a  bladder  moderately  wetted  cxoands 
to  a  greater  extent  than  one  which  is  thoroughly  soaked  ;  for  the  thinner  the  film  of 
water  which  absorbs  the  gas,  the  sooner  will  the  gas  reach  the  opposite  surface.  If  the 
bladder  containing  air  bo  moistened  with  alcohol  (which  absorbs  carbonic  anhydride 
more  readily  than  water  does)  it  will  expand  in  an  atmosphere  of  carbonic  anhydride  as 
quickly  as  if  it  were  moistened  by  water — but  not  more  so:  the  alcohol  likewise 
causes  it  to  shrivel  and  soon  destroys  its  power  of  transmitting  gases.  Kubbing  the 
bladder  with  oil  of  anise  or  olive  oil  (neither  of  which  absorbs  carbonic  anhydride) 
prevents  the  expansion.  A  wet  bladder  containing  air  expands  more  quickly  in 
sulphydric  acid  than  in  carbonic  anhydride :  ailer  being  distended  as  fax  as  pos- 
sible in  the  last-mentioned  gas,  it  will  expand  still  further  if  placed  in  an  atmo- 
sphere of  sulphydric  add ;  whereas  if  exposed  to  the  air  it  will  regain  its  original 
size.  A  bladder  containing  air  also  expands  when  immersed  in  water  holding  carbonic 
anhydride  in  solution,  but  not  so  quickly  as  in  an  atmosphere  of  the  gas.  A  fish's 
air-bladder  expands  under  the  above-mentioned  circumstances  more  quickly  than  a 
urinary  bladder:  on  the  contrary,  this  property  is  not  exhibited  by  the  lining 
membrane  of  a  fowl's  egg  or  b^  curried  sheepskin :  the  latter  allows  air  and  carbonic 
anhydride  to  pass  through  it  with  equal  fadlity  (Baumgartner,  Zeitschrift  Ph.  Math. 
8,  9).  These  experiments  show  that  gases  cannot  be  preserved  in  bladders  without 
alteration.  If  a  piece  of  bladder  be  tied  over  the  upper  and  widened  end  of  a  glass 
tube,  the  tube  then  filled  with  water,  and  its  lower  end  plunged  under  mercury,  the 
mercuiy  will  rise  within  it  to  the  height  of  3  inches,  in  consequence  of  the  water 
penetrating  the  bladder  and  escaping  into  the  air;  but  as  soon  as  this  height  is 
attained,  the  pores  of  the  bladder  allow  air  to  pass  through  them  and  the  further  rise 
of  the  mercuiy  is  prevented  (Magnus,  Pogg.  Ann.  x.  167).  According  to  Fischer 
Pog^.  Ann.  XI.  130)  who  perhaps  made  use  of  a  stronger  bladder,  the  mercuir  may 
attain  the  height  of  12  inches  or  even  more;  it  ultimately  reaches  to  the  bladder 
itself,  the  whole  of  the  water  evaporating  and  leaving  nothing  but  a  slimy  residue.  ^  If 
a  tube,  sealed  at  top  and  tied  over  with  a  piece  of  bladder  at  the  bottom,  be  filled  with 
water  and  exposed  to  the  air,  the  bladder  will  be  pressed  inwards  in  consequence  of 
the  evaporation  of  the  water,  and  air  will  enter,  not  however  in  bubbles,  but  dissolved 
by  the  water :  the  air  thus  introduced  collects  at  the  upper  end  of  the  tube  in  the 
gaseous  form,  and  finally  all  the  water  evaporates  and  the  tube  becomes  filled  with 
air.  (Fischer.) 

OABZS,  BSULTZOWS  OV,  TO  FKBSSVmB  A»  TSMVaBATUWi. 
The  volume  of  a  given  quantity  of  any  gas  is  affected  by  'the  pressure  and  temperature 
to  which  it  is  exposed,  according  to  two  general  laws,  which  must  be  attended  to  in 
any  comparison  of  the  volumes  of  different  gases.  The  law  of  Boyle  and  Marriotts 
affirms  that  the  volume  of  a  gas  is  inversely  as  the  pressure  to  which  it  is  subjected ; 
this  pressure  being  usually  measured  in  inches  or  millimetres  of  mercury  (see  Eijls- 
TiciTY,  p.  370).  The  law  of  Dalton  and  Gay-Lussac  affirms  that  the  volume  of  a gaa 
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18  ifieMiitd  or  decreased  hy  ^  of  ita  bulk  at  sero,  for  e^erj  centignide  degree  of  tern* 
perature  above  or  below  zero  (or  jj^  of  it«  bulk  at  Fahfenheife  koto  for  eTerj  Fth» 
renheit  degree).  Thc^se  two  lawe  apply  equaJlj  to  Tapoiiw,  when  At  t*?m|:»eratiirt« 
oonsidprablj  aboTe  tUcir  condenHing  pointis.  Hence  two  Tolnnies  of  gas  or  Tapour.  at 
Tery  different  pressureH  and  t^^mpeniturea,  may  be  compared  with  on©  another,  prw- 
Tided  the  proper  corrections  are  applied  accordmg  to  the  following  fonnnW : — I^.  Ai 
h  inches  or  mtUimetrea  are  to  h'  int^bes  or  miliimetiea,  to  is  bulk  at  h'  to  bulk  at  4 
2\  As  273  +  Ha  to  273  + 1'  ao  ia  bulk  at  t  degrece  abore  or  below  zero  C,  to  bulk  at 
i'  degrees. 

Oti  if  V  and  V  be  the  Tolumes  of  the  gat  at  the  reqieedye  preaaurea  and  tempez^^ 
tttras,  then 

„      ^  h     273  4-J'  A      1    +   0-003663<' 

A'  *  273  +  I       "         A*  '    1    +   01)03063  t* 
To  find  the  Tolmue   To,  which   a   giren  rolmne,   V,  of  a  gaa.  at   ppeasure  k  (in 
inches),  and  temperature  t9  C.,  will  occupy,  when  etibjected  to  a  preasure  of  30  tncbrs 
and  a  temperutore  of  0^  C,  we  hsTe,  in  the  preceding  formula,  V  «  30  and  f  =  (>» 
therefore, 

r,-r^. I 

*»  3i>      1  +  0003663* 

Begnault  has  shown  that  neither  of  tlte  above  laws  ia  abaolutely  aoeurate,  M{ieciaUy 
^th  refei^nce  to  the  condensable  gas«?8;  but  the  variationa  are,  for  the  most  part,  ex- 
cet>dingly  minute^  and^  except  in  special  eipmmeDtfir  may  be  altogether  diaregarded 
(see  IIk.at). 

GASES,    SPSCZl^O    OaAVXTY    OF.     Ste  SpBCmc  GfiAViTT. 

GikSES,   SPSOXFXC   BIL&T    OF,     See  Heat. 

oaSBS.  TRASrSPXSATXOir  or.  (Graham.  Phil.  Tnina.  1346,  pu  591,  and 
1849,  p,  34y  ;  El<rmaiU  of  VhtmUtry,  2iJt].  ed,  i.  82.)— Tlie  kw  of  eflftision  stated  on  p. 
818,  ia  true  only  imder  the  conditions  there  speeitied,  viz,  that  the  gas  shall  paaa  thiongh 
a  minute  aperture  in  a  very  thin  pLite.  If  tile  plate  be  thicker,  so  that  the  aperture  be- 
comes a  tnbe^  very  dtSereot  rates  of  efflux  are  observed ;  and  whoa  the cupilhiry  tube  is 
ennsidembly  elongated,  bo  that  ita  length  exceeds  its  diameter  at  least  4000  ttmes^  the 
rates  of  flow  of  different  gasett  again  assume  a  constant  ratio  to  each  other ;  following, 
however,  a  law  totally  distinct  from  that  of  effhsion.  To  exiimine  this  kind  of  motion, 
called  **  Capiliaiy  Transpiration,"  the  gas  was  pkced  over  water  in  a  gradnated  jar, 
■o  ffiuspended  that  the  liquid  in  the  jar  and  in  the  bath  could  be  easUy  kept  al  the 
same  feveL  The  gas  was  dried  by  pawing  it  through  a  tube  filled  with  chloride  of 
calcium,  and  was  then  made  to  pass  thiou^n  a  long  fine  capillarr  tube,  into  a  receiver 
at&nding  on  the  pkte  of  an  air-pump ;  this  receiver  waa  sometimes  kept  vaenoua  by 
contintted  pumping^  at  other  times  the  state  of  exhaustion  was  ascertained  at  intervak 
by  the  presGure^guuge,  By  this  method  of  observation  the  following  general  results 
ware  otitained  i- — 

1.  The  xale  of  transpiration  for  the  same  gas  incTeases,  catena  pan'^ua,  direc^y  ai 
the  pressure ;  in  other  words,  equal  volumes  of  air,  at  different  densitiesy  require  timet 
inversely  proportional  to  the  densities.  For  example,^  a  pint  of  air  of  double  the 
density  of  the  atmosphere  will  piiss  through  the  capillary  tube  in  half  the  time  which 
would  be  required  for  a  pint  of  uir  of  the  natural  density,  under  an  equal  pfopolstve 
force.  This  n^ult  stamps  the  process  of  transpiration  with  a  character  quite  oistiikcl 
fnmi  that  of  difliision  or  effusion. 

2.  With  tubf^  of  equal  diameter,  tlte  volume  transpired  in  equal  tinuea  ia  mvenelj 
a*  the  length  of  the  tube. 

3.  As  the  tempemture  rises,  the  tmnspiration  of  e<^ual  volumes  becomes  slower. 

4.  The  same  uniformity  in  the  results  was  obt^Lined,  whefber  the  tubes  were  of 
copper  or  of  glass,  or  whether  a  porous  mass  of  stucco  was  employed^  provided  always 
thai  the  length  of  the  tubes  exceeded  their  diameter  in  the  ratio  above- m^^ntioned 

The  rates  of  transpiration  of  different  gases  bear  a  constant  relation  to  each  other, 
totally  independent  of  their  densities,  or  indeed  of  any  known  property  of  the 
gas(»8. 

A  comparison  of  the  numbers  in  the  foUowing  table  exhibita  some  T«y  Biinpte 
rektions  between  the  rates  of  transpinition  of  cert4iin  gaset. 

1.  Equal  weights  of  oxygen,  Mtrogen,  air,  and  carbonic  oxide  tie  tnuiepiied  in  equal 
times. 

2.  The  velocities  of  transpiration  of  nitrogen,  nitric  oxide,  and  carbome  oxide  an 
eqtial. 

3.  The  velocities  of  hydrochloric  acid,  carbonic  anhydride,  and  nitrous  oside  ai« 
equaL 
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Transpirahiliti/  of  Gases. 


Q„^,^                                    1  Timet  for  transpiration 

Velocities  of 

of  rqual  volumef. 

transpiration. 

Oxygen 

10000 

1-0000 

Air   . 

0-9030 

11074 

1  Nitrogen   . 

0-8768 

1-141 

Nitric  oxide  •    . 

0-8764 

1141 

(Carbonic  oxide  . 

0-8737 

1-145 

[  Nitrons  oxide    . 

. 

0-7493 

1-335 

Hydrochloric  add 

0-7363 

1-358 

(Carbonic  anhydride  . 

0-7300 

1-370 

Chlorine   . 

0-6664 

1-600 

Sulphurons  anhydride 

0-6500 

1-538 

Sulphydric  acid 

0-6195 

1-614 

Marsh-^ 

0-5510 

1-815 

Ammonia  . 

0-5115 

1-955 

Cyanogen  . 

0-5060 

1-976 

Ethylene  . 
Hydrogen 

0-5051 

1-980 

0-4370 

2-288 

Vapours 

Sulphuric  anhydride 

•         >         • 

10000 

1-0000 

1-0000 

1-0000 

Sulphide  of  carbon    . 

06195 

1-614 

Chloride  of  methyl    . 

0-5475 

1-826 

Chloride  of  ethyl 

0-4988 

2-005 

Oxide  of  methji 

0-4826 

2-072 

Hydrocyanic  acid 

0-4600 

2-174 

Ether 

0-4400 

2-273 

4.  The  velocities  of  hydrogen  and  yapour  of  ether  are  equal :  so  likewise  are  those 
of  sulphydric  acid  and  vapour  of  sulphide  of  carbon ;  and  those  of  marsh-gas  and 
chloride  of  ethyl. 

5.  The  velocity  of  hydiogen  is  double  that  of  nitrogen,  of  nitric  oxide,  and  of  car- 
bonic oxide. 

6.  The  velocities  of  chlorine  and  oxygen  are  as  3  :  2.  The  velocities  of  bromine  and 
of  sulphuric  anhydride  appear  to  be  nearly  the  same  as  that  of  oxygen.  No  gas  ap- 
pears to  be  slower  than  oxygen. 

7.  The  velocities  of  hydrc^n  and  marsh-gas  are  as  5  :  4. 

8.  Ethylene,  cyanogen,  and  ammonia  have  each  nearly  double  the  velocity  of 
oxysen. 

The  transpiration  time  of  miztores  of  the  following  gases  was  found  to  be  ex- 
actly the  mean  of  the  times  of  the  individual  gases,  vis.  oxygen,  nitrogen,  car- 
bonic oxide,  carbonic  anhydride,  and  nitrous  oxide ;  but  the  transpiration  time  of 
hydrogen  and  carburetted  hydrogen,  particularly  the  former,  is  greatly  increased  when 
these  gases  are  mixed  either  with  one  another  or  with  gases  of  the  former  class.  Thus, 
the  transpiration  time  of  a  mixture  of  equal  volumes  of  oxygen  and  hydrogen  wan 
0-9008  and  not  072,  the  mean  time  of  the  two  gases.  The  transpiration  time  of 
hydrogen  in  such  a  mixture  is  as  high  as  0*8016,  or  its  transpiration  is  then  less 
rapid  than  that  of  carbonic  anhydride. 

The  rates  of  transpiration  of  the  vapours  have  not  been  determined  with  so  much 
accuracy  as  those  of  the  permanent  gases,  in  consequence  of  the  necessity  of  experi- 
menting upon  them  in  a  state  of  mixture  with  some  permanent  gas. 


OJkSTBXAS&    Syn.  with  Pepsin  ;  see  the  next  article. 

CkaSTBZO  JVZCB.  (Bidder  and  Schmidt,  Die  Verdauungssafte  und  der 
Stoffwechsel,  Mitau  und  Leipzig,  1852,  pp.  29-97. — CL  Bernard,  Lefons  ds  physiO' 
logie  e^cphnmeniale,  Paris,  1856,  ii.  382.  —  Huebenet,  JHsq,  de  succo  gasirico, 
I)orpat,  1850. — R  r.  Schroder,  Sued  gastrici  humani  inaolfs  phgsica  tt  cAe- 
nnca\  O.  v.  Griinewaldt,  Sued  gastrici  humani  vis  digestim,  &c.,  Diss,  inaug. 
Borpat,  1853. — Lehmann,  Lehrb,  aer  physiolog,  Chtmie-y  Leipzig,  1853,  ii.  35-50; 
Physiological  Chtnnistry^  Cav.  Soe.  Ed.  London,  1851-4,  iL  40;  iiL  503;  GinditCt 
Handbuch.  viii.  [2]  25. — Pavy,  On  the  Immunity  tujoytd  by  the  Stomach  from  being 
digested  by  its  own  Secretion  during  Life,  Proc.  Koy.  Soc.  xii.  386. — C.  Schmidt^ 
Ann.  Ch.  Pbarm.  zdi.  44.)— This  fluid,  which  accumulates  in  the  stomach  after  the 
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to  ttw  mt 


l:  ■  '  "     \         '      ^( lug  ^«!ed  by  ^tratioa  ^iR  mucn^  ut;i    fr  i_ 

[it  and  iL«ftrly  oolourleM^  baring  <»iijy  a  ^Ji-u 

i.  ....  ^  :„...;  t-.  - .o^f  gooerolly  rnfiembliiig  th&t  of  the  aniniAl  lr.v 

tAkcn,  nod  II  Be«.rcely  perceptibJe  suUne-add  tJU9t4^.      It  is  sligbtlj  htav;^ 

niMitml  or  slightly  Hlkjilini*  when  tjikeu  ffrom  the  emptj  fttcmuco,  hur   n 

ingtstion  of  fot«l;  it  b  not  r<nden?d  turbid  by  boiling.     At  temperatui'  >  I- 

il  wjlidities  without  bocomiag  tnrbid.     It  is  precipitated   by  tannio,  ?il  -  h-l 

nivtallie  saltsv     If  carefully  frved  from  mucna,   &^»,  it  may  W    t^x|"-^'>i 

fur  niaiith,«<,  or  even  yeurs,  without  undergoing  altemtiati ;   and  evt-ij   \\iit^n 

growtli  has  appeared,  it  still  retAins  ita  mwt  cssentijil  cluinfcct«ri%   >ix.  its  digAft 

power. 

The  constitneiito  of  the  gafitric  juice  ate  umier,  inorganic  §aiis,  oraanh 
and  a/ree  acid.  Its  confidtution  appears  to  be  neatly  the  same  m  sU 
auitmile. 

The  solid  eoostitneats  do  not  exceed  from  1  to  17<^  pty  cent,  the  tv^natiiliig  0tiiS 
to  99  pta.  being  water.  The  solid  residue,  irben  incinerated,  in  found  to  coHvC 
ehi<*fly  ofckioride  of  Jtodium^  with  smaller  quantitiis  of  ulkutiite  sttlphaief  €^r6mak 
and  pho*jtkatt>  ofcatcium^  and  sometimes  sulphatt  and  chk/rid-e  of  calcium* 

The  organic  constituent  a  of  the  gastric:  juicfl  have  been  but  little  examioel,  ti 
cofUKqueikce  of  tha  extremely  small  quantities  in  which  they  occur,  Th^  consiat  cf  a 
fluhatiuaise  aoltible  in  water  uud  in  absolute  alcohol  (formerly  known  aa  ognuismmX  ^^^ 
a  safaataiice  soluble  in  water  only.  Thia  latter^  called  pepsin^  chy  monin,  or  fas- 
teraae,  la  the  true  digestive  principle  of  the  gaatric  juice.  It  may  be  precipitated  W 
treating  the  juice  with  alcohol,  the  greater  |»ortion  of  the  other  niattera  the^  nvmiaiAS 
in  fiotutioQ.  The  precipitate,  which  contains  sulphur  and  nitrogen,  dtnoolroi  pRt^ 
freely  in  water,  and  is  thrown  down  fmm  the  aqueous  solution  by  corrT>^ivc  *ribliflnili^ 
pfotochloride  of  tin,  ttiwic  acetate  of  lead,  and  tannic  acid,  and  imper^  <  utiil 

acetate  of  lead.     The  solntion  is  not  rendered  turbid  by  boiling,  an<i  -zsm^ 

digestive  powers  w lieu  mixed  with  hydrochloric  or  lactic  acid;  but.  like  the  ^aflrk 
jmce  itself,  it  loses  these  properties  by  boiling,  by  treatment  with  al«ol«te  ak«- 
hoi,  or  by  neutralisation  with  alkali.*^.  In  an  alkaline  solution,  pepetn  «Jon  beroma 
putrid,  and  in  a  ncutnd  s<3lution,  it  se^nis  to  give  rise  to  the  formation  of  foagii 
but  when  rendered  acid,  it  remains  unaltcrtxl  for  a  long  time,  eitaotly  like  aatunl 
gastric  juice. 

Respecting  the  nature  of  the  free  acid  in  gastnc  juice,  the  opiDions  cf  diUhsmiA 
observers  are  greatly  at  variance.     Prout  (Ann.  Phil,  new  ser.  xii,  ; 
connot  (Ann.  Chira.  lix.  438 J,  concluded  from  their  own  ©xperimeur 
trie  juice  contains  free  hydrochloric  acid.      Lehmannf  on  the  other  hi        -       ,1 
hictic  acid  in  this  secretion,  and  attributed  the  free  hydnx'hloric  nci  i       v -,   .  :i     n 
evaporating  gastric  juice  in  vacuo,  to  the  decomposition  of  chloride  of  culLULiMi  >  v  ^  •♦ 
lactic  add.     Bernard  and  Barreswil  (J,  Pharm.  1845»  p.  49)  altog**ther  deny  tbo 
e3dat«ne(»  of  free  hydrochloric  acid  in  the  gastric  juice,  on  the  ground  that  this  Ijqvul 
in  the  pur^  state  is  rendtrred  turbid  by  a  dri:»p  of  dilute  oxalic  acid,  whcr<v 
quantity  of  thiU   acid  added  to  a  limt>«tdution  containing  only  ^j^  of  i 
chloric  acid  pmduces  no  precipitate;  moreover  tliut  atarch,  alter  boiling  wiui 
acid  or  gastric  juice,  ^till  gives  a  blue  coluiir  wiih  iodine^  whei^eiis  it  loaea  thia 
by  boiling  with  hydirichloric  add.     Benmrd  and  Barreswil  aIso  find  tliat  _ 
when  distilled  yields  at  first  a  neutral  distillate;  when  eonceutratod  to  f  of  il 
it  yields  an  acid  di&tillat»^,  in  which^  however,  nitrate  of  silver  prodncea  ao  prQcij 
and  it  is  ntft  till  the  litjuid  has  been  distillwl  down  to  a  few  drops,  that  the 
afl'tmla  siny  indications  of  the  presence  of  hyilnochlorii?  acid.  Von  Griin  ewaldt 
maintains  that  humun  gtiKtrie  jnit-e  contains  no  free  hydrochloric  acid,  but  t] 
acid  reaction  which  it  exhibits  wlien   mixed  witli  fuod,  is  due  to  organic  acida,  chiefly 
lactic  and  bntjTic,  cither  contained  in  it,  or  developed  fn^m  the  foo£ 

On  the  other  hand,  B  i  d  d  e  r  and  Schmidt  have  shown,  by  experiments  whieh  scsrcwly 
leave  room  for  doubt,  tliiit  the  quantity  of  chlorine  precipitated  by  nitrate  of  silvpr 
from  gnstric  juice  acidtibtcd  with  nitric  acid,  is  equivalent  to  a  quantity  of  hydro- 
chloric aoid  more  then  sufficient  to  neutralise  all  the  b«i»es  eontjiined  in  the  juice ;  a 
portion  of  this  acid  must  therefore  bo  present  in  the  free  state,  and  the  exccssy  deter- 
mined as  «l>ove,  w%a  found  very  nearly  equal  to  the  quantity  of  free  acid  in  the  gastria 
juice,  estimated  by  neutralisation  with  standard  solutions.  With  1**7^11^  1 
appcftrauce  of  hydrochloric  acid  in  the  distillate  from  gastric  juice,  ex 
quantity  at  the  end  of  the  di±itillation^  as  obaerved  by  Bernard 
Schmidt,  and  likewise  Mulder,  observe  that  hydrochbric  acid  can  unite  tv  ith  ail 
ous  fubetances,  forming  t'ompounds  from  which  it  is  not  expelled  by  dif^tiilntian, 
further  detiiil**,  see  Gmrltn's  Htindhtch^  viiL  [1]  29.) 

According  to  Marcet  (Cbcm.  Soc.  J.  x:v.  407),  the  g^istric  juicr  *A 
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another* free  acid  besides  hydrochloric  acid.  A  portion  of  the  gastric  juice  of  a  dog, 
which  gave  an  abundant  precipitate  with  nitrate  of  silver,  being  placed  upon  a  dialyser 
(p.  316),  the  hydrochloric  acid  in  the  liquid  gradually  passed  through  the  diaphragm 
into  the  water  below,  and  after  awhile  the  remaining  liquid,  when  freed  from  albumin 
by  boiling  and  filtering,  gave  no  precipitate  with  nitrate  of  silver,  but  nevertheless, 
still  exhibited  a  distinct  acid  reaction,  showing  that  anotlier  acid  was  present,  besides 
the  hvdrochloric  acid.  Acetic  acid  is  said  by  some  authorities  to  be  occasionally  pre- 
sent in  normal  gastric  juice. 

Of  the  ahnonfuU  constituents  of  the  gastric  juice,  says  Lehmann,  veiy  little  is  known. 
In  the  normal  state,  the  stomach  when  empty,  is  invested  with  a  layer  of  mucus,  which 
is  neutral  to  vegetable  colours.  In  gastric  catarrh,  this  mucus,  whicli  differs  but  little  from 
the  secretions  of  other  mucous  membranes,  accumulates  in  larger  quantities,  and  when  it 
comes  in  contact  with  amylaceous  or  saccharine  fowl,  it  enters  into  abnormal  processes 
of  fermentation,  viz.,  acetous,  butjrrous,  and  lactous  fermentation.  The  contents  of  the 
stomach  then  contain  much  more  free  acid  than  in  normal  digestion.  The  butyrous 
and  lactous  fermentations  are  especially  promoted  by  the  presence  of  fat,  giving  rise 
to  heart-bum,  a  sensation  of  constriction  in  the  throat,  and  vomiting ;  and  at  the  samo 
time  there  is  often  a  revulsory  (antiperistjvltic)  motion  of  the  intestinal  tube,  which 
causes  a  regurgitation  of  bile  into  the  stomach.  Biliary  matters  are  almost  always 
present  in  the  stomach,  even  of  recently  killed  animals ;  nevertheless,  they  cannot, 
strictly  speaking,  be  regarded  as  normal  constituents  of  the  gastric  juice,  inasmuch  as 
they  are  never  produced  from  the  same  sources.  In  unemia,  or  after  extirpation  of 
the  kidneys,  urea  is  secreted  by  the  gastric  glands.  FiyreiffJi  matters  introauced  in 
solution  into  the  body  appear  to  circulate  through  the  gastric  glands ;  thus  Bernard 
found  that  when  sulphocyanate  of  potassium  and  sesquichloride  of  iron  were  injected 
into  different  veins  of  the  samo  dog,  the  red  colour  of  ferric  sulphocyanide  first  appeared 
in  the  gastric  juice. 

The  quantity  of  gastric  juice  secreted  varies  greatly  at  different  times  of  the  day ;  it 
is  least  when  the  stomach  is  empty,  and  is  promoted  by  the  ingestion  of  food ;  even 
mechanical  excitation,  such  as  that  produced  by  swallowing  stones  or  peas,  increases 
the  secretion.  The  effect  of  different  kinds  of  food  in  this  respect  varies  considerably. 
Sugar,  aromatic  substances,  alcohol,  and  alkalis,  immediately  excite  profuse  gastric 
secretion :  animal  substances  act  more  slowly,  but  ultimately  give  rise  to  a  still  larger 
production  of  the  gastric  juice.  Psychical  causes  also  increase  the  secretion,  e.  g.  the 
sight  of  food  by  a  fasting  animal. 

From  the  experiments  of  Bidder  and  Schmidt^  made  with  animals  in  which 
gastric  fistulse  had  been  established,  it  appears  that  dogs  secrete,  on  the  average,  in  24 
hours  for  each  kilogramme  of  their  weight,  100  gnns.  of  gastric  juice,  containing  2883 
grammes  of  solid  matter  (including  lactic  acid)  and  0'270  grms.  hydrochloric  acid, 
the  quantity  of  gastric  juice  secreted  in  an  hour  varj'ing  from  24  to  204  grms.  per 
kilogramme  of  the  animal's  weight  A  sheep  secretes  per  kilogramme  in  24  hours 
120  grms.  of  pure  gastric  juice,  containing  1-663  grms.  solid  constituents,  and  0'187 
grms.  hydrochloric  acid. 

Schmidt  (Ann.  Ch.  Pharm.  xcii.  44)  found,  by  observations  on  a  woman  having  a 
gastric  fistula,  that  the  quantity  of  gastric  juice  secreted,  per  kilogramme  of  bodily 
weight,  in  24  hours  was  264  grms.,  containing  1*447  grms.  solid  matter,  and  0053  grms. 
hydrochloric  acid. 

The  following  table  exhibits  a  comparative  view  of  the  composition  of  the  gastric 
juice  obtained  from  these  several  sources. 

Composition  of  Gastric  Juice. 


Water  .... 

Man. 

Sherp. 

Dog. 

lUtio. 

994*404 

986148 

971171 

1  :  0-45  :  0-37 

Ferment  and  ammonia  . 

3195 

4-205 

17-607 

1:06   :  2-1 

Hydrochloric  acid 

0-200 

1-657 

2-703 

1  :  3-5   :  51 

( -hloride  of  calcium 

0061 

0-114 

1-661 

1  :  0-9   :  1-04 

Chloride  of  sodium 

1-466 

4-368 

3-147 

1 : 1-3   :  0-0 

Chloride  and  potassium 

0-650 

1-518 

1-073 

1  : 1-3   ;  0-7 

Phnsphates   of  calcium. 

magnesium  and  ferri- 

cum  .... 

0125 

2-090 

2-738 

1  :  70   :  8-3 

1000000 

1000-000 

1000-000 

The  acidity  of  gastric  juice  ranges,  according  to  Marcet,  from  0085  to  0-3u3  i>cr 
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cent  of  hyitlrocliloric  acid,  anil  Tari^i  awording  to  the  time,  idier  iiigv«taoit  of  i»4i 
wliich  the  TOcrctioo  is  collected.  The  fir*t  qunntity  removed  from  I  he  »tommck  h  lib 
most  abimdjuit,  but  the  leaflt  acid,  the  secretioa  gmdaiilly  becoming  emaller  in  quiA- 
tity  but  mor(^  acid,  and  the  lant  quantity  exhibiting  the  highest  degree  of  a^tj 
This  gradual  Increase  of  acidity  ariBea  piirtly  finom  the  fact  tliut  the  fti-st  qnmathift  of 
gastric  juice  ^cn^ted  are  dilute)  and  neutz4lti^i  by  the  «]]f^htlj  alka^line  nateas  oeit- 
tAiRf'd  in  the  fasting  stomach,  but  more  o8p<«ud]y,  perlupft,  from  actual  iacreaae  of  iki 
proportion  of  acid  secreted  in  the  latter  portiona. 

The  free  hydrochloric  acid  of  the  gastric  juicci  appears  to  result  from  th«>  deeonpOK- 
tioB  of  cMonde  of  sodium ;  thb  explanation  of  its  origiii  wa«  firat  «(U:|^v«t«d  by  Proal» 
who  further  suppocied  that  the  sSdii  separated  from  it  was  direct ««!  to  the  Htit,  tai 
pafised  off  in  the  bile.  But  from  the  ejcperimenta  of  Dr.  Bence  Jones  (Phil.  Tjul 
1849),  ituppcars  that,  during  the  seen  tion  of  the  ga«tric  juice,  the  acidity  of  tb<»  urxoftv 
greatly  diminished,  and  is  at  it*  minimum  at  the  time  when  digestion  is  at  it»  lit^{!iit,' 
nence  it  appraj-H  probable  that,  whi^n  the  chloride  of  sodium  in  the  blood  yieldf  hy*^ 
chloric  acid  to  the  gastric  juice,  tho  aodn  sepomted  from  it  at  The  same  time  i§  t^kcv 
up  by  an  acid  whic^,  during  faRting^  would  huve  been  excreted  hy  the  urines  but  m^dk 
remains  in  the  circulation  while  digeation  ia  going  otu     (MarceL) 

Phyaioio^cnl  actifm  of  the  Gastric  Jnicf, — All  alimenta;^*  aubstancsee  aiw  penneiteil 
and  softi^ned  hy  the  gastric  juice ;  bat  its  principal  action  i»  exerbLMi  upon  the  '  * 
portions  of  the  food,  and  ou  the  neutrul   fats.     Most  of  the  non^asotised  eoitf 

gum,  sugar,  starch,  &c.»  placed  in  pure  gastric  juice,  at  the  temperature  of  the 

Wly,  do  not  undergo  any  perceptible  alteration ;  bat  the  neutral  fats  are  molTcd  fcy 
It  into  glyc^riu  and  fatty  acid«,  njid  are  then  ready  to  be  tranaformed  into  emolnoii* 
by  the  bile,  i^bicb  cxertjr  that  action  upon  £itty  acida  but  not  on  neutnd  &tj.  (Maitft* 
aee  DiOEsTUtx,  p,  325,) 

Tho  albuniinouH  and  g€»ktigeBoaB  matters  art?  disBolTed  and  conTerted  into 
stances,  which,  although  they  coincide  with  tho  bodies  from  which  they  are  d( 
conipoiHitiou  and  in  mimy  of  their  physical  propertica,  nevrrtbele^  differ 
fi'om  them  in  being  easily  soluble  in  water,  and  even  in  dilute  alcohol^  and  in 
forming  insoluble  compounds  with  rnetallic  saltii.  The  formation  of  these  oompoiti 
called  peptones,  depends  solely  on  the  action  of  the  gastric  juice,  and  is  not  attendod 
b  *  the  erolutiuu  or  absorption  of  any  gafl»  nr  the  production  of  any  secoodaiy  tab- 
attenoe.  Soluble  casein  is  coagulated  in  the  stomach  before  it  undergoes  the  actual 
proi  18  of  digestion. 

A  ,eording  to  Lehmann,  cartilage  and  gelatigenous  bodiea  are  eonrerted  m  the 
stonusch  into  sub&tances  which  correapond  perfectly  in  tlieir  physical  and  in  tno*t  of 
their  chemical  cbaraclera,  with  the  peptones  of  the  protein-bodica.  Marcet  hss^  hoi 
erer,  shown  that  the  peptones  obtained  from  gelatigenous  bodies — or  at  least  one  sai 
peptone — possess  the  power  of  rotating  the  i>lanp  of  polarii«ation  of  a  r»y  of  light, 
charscter  not  exhibited  by  the  peptones  of  the  protein  nubstancea.  Ho ppe,  in  ItUvf 
{Htnfe  and  Mrisvner^t  Brricht  mcr  die  Vo^rffehrinf  dtr  Anatomie  und  Piky»toiif^\ 
ol>serTed  that  gastric  juice  acts  on  polarised  light,  and  attributed  this  action  to  the 
l^uptric  secretion  itself.  Marcet  in  ISliO  made  the  same  obaerration,  but  showed 
further  that  pure  gastric  juice,  obtained  by  keeping  a  dog  Hiating  for  thirty  honrt  or 
longer,  then  washing  out  the^  stomach  thorough ly  with  water,  and  making  the  a;  ' 
swallow  siliceous  pebbles,  hns  no  power  of  rotating  the  polarised  ray.  Aflti^  eidt 
the  secretion  with  fragmcnla  cjf  l>one,  however,  a  gastric  fluid  waa  obtained  whid 
exerted  a  slight  influence  on  polarised  light,  showing  a  rotation  of  7**  to  the 
of  Soleira  aaccharoini'ter;  whereas,  when  the  secretion  was  excited  by 
rotation  amounted  to  30'^  or  40 ',  al«o  to  the  left.  Gastric  juice  mixed' with 
or  with  the  inlenial  tissue  of  boiled  tripe,  and  heated  in  a  water-bath  to  the  tei 
turo  of  the  animal  body,  aequireii,  alter  a  short  time,  an  optical  rotatory  power, 
may  be  twice  as  great  as  that  which  it  possessed  before  the  commeQcement  of 
artificial  digestion. 

To  determine  the  rotatory  power  of  the  polarisinir  peptone^  it  was  separated  &Otii 
the  gastric  juice,  dried,  and  dis»olv*Hi  in  25  c,  c.  of  water.  The  solution  yielded, 
for  1-^  of  deviation,  an  aTerage  quantity  of  HO  2  4  grm.  of  dry  substance.  Therefcv« 
when  gastric  juice  in  examined  in  tfio  sacchurometer,  the  fluid  contains,  for  erery  degree 
of  rotation  to  tho  left,  0  024  grm.  of  polarising  peptones,  or  u  quantity  approximaliQg 
thereto,  in  2o  e.  c.     (Marcet,) 

The  only  two  animal  tiBsut^  which  hare  been  oliserred  to  yield  polarising  p«L 
are  cartilage  and  the  mncoua  tissue  of  boiled  intcMline.     No  appreciable  qnanl 
polariiting  substance  was  obtainetl  from  pure  coagulated  albumin,  or  coagulated 
when  digested  out  of  the  body.     (Marcet,) 

^  The  constituents  of  the  gastric  juice  which  are  mainly  essential  to  the  nnx  _ 
digestion  are  the  pejisin  and  the  ^e  acid ;  but  it  can  scarcely  b«  doubted  tW  eteiy 


w- 


sunaoAg 
rooeai  or^l 


ifa^ 


GAULTHERIA-OIL.  825 

cno  of  its  constituents  has  a  certain  share  in  its  action  on  food.  The  necessity  of  a 
free  acid  in  the  digestive  process  is  shown  by  the  fact  that  the  gastric  juice,  when 
neutralised  by  an  alkali,  completely  loses  its  action  on  the  azotised  portions  of  the  food. 
The  acidity  of  the  juice  is,  however,  only  one  element  of  its  activity:  for  the  digestive 
power  is  likewise  destroyed  by  heating  the  liquid  to  a  temperature  near  the  boiling 
point,  the  pepsin,  which  appears  to  act  like  a  ferment,  being,  like  other  ferments,  un- 
able to  withstand  that  temperature. 

The  neutralisation  of  the  free  acid  of  the  gastric  juice  by  an  alkali  is  the  cause 
which  prevents  the  stomach  of  a  living  animal  from  being  acted  upon  and  dissolved  by 
its  own  secretion.  During  life,  the  walls  of  the  stomach  are  very  freely  permeated 
by  a  current  of  blood,  which,  in  its  normal  state,  is  always  alkaline,  and  therefore 
ncutrulisfs  the  acid  in  the  gastric  juice,  and  protects  the  stomach  from  its  action. 
After  death,  however,  the  blood  becomes  stagnant  and  incapable  of  supplying  the 
alkali  with  the  same  rapidity  as  a  circulating  current ;  consequently,  in  many  cases, 
especially  when  death  is  sudden  or  violent,  and  the  gastric  juice  healthy  and  vigorous, 
the  stomach  is  found  to  be  dissolved,  even  to  the  extent  of  perforation.  This  was  first 
noticed  bv  John  Hunter  (Phil.  Trans.  1772),  who  attributed  the  immunity  of  the 
stomach  during  life  to  the  vital  principle.  But  Bernard  showed  that  parts  of  living 
animals,  frogs*  le^  for  example,  are  digested  when  introduced  through  a  fistulous 
opening  into  a  living  stomach ;  and  Dr.  Pavy  has  obtained  the  same  result  with  the 
extremity  of  the  ear  of  a  living  rabbity  clearly  showing  that  it  is  not  vitality  which 
protects  the  stomach  from  the  action  of  its  own  secretion. 

The  protecting  action  has  also  been  attributed  to  the  epithelial  lining  or  mucous  mem- 
brane of  the  stomach,  which,  though  acted  on  and  dissolved,  is  constantly  renewed,  and 
therefore  defends  the  stomach  from  injury ;  but  Pavy  has  shown  that  a  patch  of 
mucous  membrane  of  the  size  of  a  crown-piece  may  be  removed  from  the  stomach  of  a 
dog,  and  food  afterwards  digested,  without  the  stomach  showing  the  least  signs  of 
attack. 

The  only  satisfactory  explanation  of  the  immunity  of  the  stomach  during  life  is  that 
of  Dr.  Pavy  above  mentioned,  namelv,  that  the  acidity  of  the  gastric  secretion  is  neu- 
tralised by  the  alkalinity  of  the  circulating  blood.  Even  when  the  circulation  through 
the  stomach  is  arrested  during  life  by  ligatures,  the  mucous  membrane  is  not  always 
attacked,  because  there  is  then  still  a  circidation  all  round  the  stomach,  and  from  the 
facility  with  which  the  permeation  of  fluids  takes  place,  a  certain  amount  of  counter- 
active influence  is  still  exerted ;  but  if  a  dilute  non-corrosive  acid  (phosphoric  or  citric) 
is  introduced  at  the  same  time  into  the  stomach,  so  as  completely  to  neutralise  the 
alkali  of  the  blood,  the  gastric  juice  then  exerts  its  action,  and  solution  and  perforation 
quickly  take  place. 

The  digestion  of  certain  living  tissues,  viz.  the  frog's  legs  and  the  extremity  of  the 
rabbit's  ear  in  the  experiments  above  mentioned,  probabfy  arose  from  the  supply  of 
blood  to  those  oi^gans  not  being  sufficient  to  yield  the  quantity  of  alkali  required  to 
neutralise  the  acid  of  the  gastric  juice. 

Artificial  Gastric  Juice  is  a  fluid  obtained  by  treating  the  glandular  tissue  of 
the  stomach  in  a  peculiar  manner  with  hydrochloric  acid :  it  possesses,  in  common 
with  natural  gastric  juice,  the  power  of  converting  nitrogenous  articles  of  food  into 
soluble  non-coagulable  substances.    (See  Pepsin.) 

OAVXiTBaRZA-OSLp  or  Oil  of  Wintergreen,  is  a  volatile  oil  or  essence  obtained 
from  the  Gaultheria  procumbeus  (wintergreen,  or  Canada  tea),  a  trailing  plant  of  the 
ericaceous  order,  which  grows  abundantly  in  New  Jersey.  The  oil  exists  in  all  parts 
of  the  plant,  but  chiefly  in  the  leaves,  whence  it  is  extracted  by  maceration  with 
alcohol  or  ether,  or  by  distillation  with  water.  It  is  colourle^  when  fresh,  but  on 
exposure  to  the  air  it  acquires  a  red-brown  colour,  which,  indeed,  the  commercial  oil 
usually  exhibits.    It  has  an  agreeable  aromatic  odour,  and  is  used  for  scenting  soaps, 

&c.    It  consists  of  methyl'Salicyltc  or  gaultheric  acid,  ^  jr  q-qs  [  O*  (*<^    Saucylic 

Ethers),  mixed  with  a  small  quantity  of  gaidtherilenf,  a  hydrocarbon  isomeric  with 
oil  of  turpentine.  When  distilled,  it  begins  to  boil  at  200®  C,  at  which  temperature 
the  gaultherilene  chiefly  passes  over,  and  the  boiling  point  then  gradually  rises  to 
222*^,  at  which  temperature  the  pure  methyl-salicylic  acid  distils  over.  On  distilling 
the  oil  with  strong  potash-  or  soda-ley,  methylic  alcohol,  water,  and  gaultherilene 
pass  over,  and  sabcylate  of  potassium  remains  in  the  retort  (Cahours,  Ann.  Ch. 
Phys.  [3]  X.  327.— Procter,  J.  Pharm.  [3]  iii.  276.) 

An  oil  nearly  identical  in  properties  with  wintergreen  oil,  and  consisting  of  methyl- 
salicylic  acid,  unmixed  with  gaultherilene,  is  obtained  by  distilling  with  water  the 
bark  of  the  Betula  Unta  (sweet  birch,  bkir  birch,  cherry  birch),  a  tree  growing  in 
North  America.  This  oil  does  not  exist  in  the  bark  ready  formed,  but  appears  to  be 
produced  by  the  action  of  a  substance  resembling  omulsin  on  gaultherin^  a  compound 
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atialogpus to tbo  amygdiiliE  of  bittemlmonds :  for,  wlun  iln^  Aw  nnlvr-riH** .1  ^.^rl-  ^^  .,. 

haiMted  with  cold  rtlcohol  of  90  per  cent.,  the  i 

acid  by  dktilktion  with  water;  but  on  evaporathu 

the  r<»aidue  witli  wiil^r,  the  odour  of  winter^^en  oil  i»  i?vulvcd, 

liquid  is  obtiiiued  which  riHldens  feme  ioXtn,  an  iDdication  of  the  [ 

acid,     (Procter,  loc.  cit.) 

OAU&TBBHXO  Aezn.    %n.  with  MsTHTX-SAUorm;  Acm, 

OATr&THSRZ£i:mi.  The  hydrocarbon  isomeric  with  oil  of  turpctitine  which 
cxi«t»  in  winTerp-e^-n  oil.  The  bf'St  mode  of  isolating  it  is  to  distil  winttrcrcifD  oQ 
with  caustic  alkali,  as  above  desciihedi  wash  the  heavy  oil  which  eettlea  at  the  bottom 
of  the  watery  distOlatc,  first  with  alkaline,  then  wth  piire  wuter,  and  recb'fj  it  over 
potassium.  It  is  a  colourless  laobile  oil,  baying  an  odour  lika  that  of  peppa*.  Bolls 
at  160*^  C.  Vapoui-denslty  4*92*  It  forms  a  resinoos  mass  with  nitric  add,  aod 
viscid  products  with  chlorino  and  bromine.    (C  ah  ours.) 

GAT-XitlSfiXTlL  A  native  carbonate  of  sodium  and  calcium,  2NaCaC0'  ^ 
6H'0,  found  at  La^milla^  near  Merida,  in  Colunibia^  disseminatfd  at  the  bottom  of  a 
■nmU  lake  in  a  bed  of  day^  covering  urao.  The  notivea  call  it  dnvtuf  or  nerU^  It  is 
aLbo  found  near  Sungerhausen  in  Thuringia.  The  ciystala  axe  prisme?  belonging  to  the 
monoclinic  system,  traneparent  or  tninslocenU  wiih.  yellowish -whit-e  colour,  and  ex- 
hibiting double  rtifractiou.  JSpfcifie  grttritj  1'92  to  r&9.  Hurdne^s  2  to  3,  Ex- 
tremely brittle.  Fracture  conchoidnl,  with  vitreous  lustre  on  the  fmcturvd  snrfacc. 
Streak  greyish-white-  Decrepitiites  slightly  when  heated,  and  becomes  opaouf^  from 
lofls  of  water.  Melta  rapidly  beforp-  the  blowpipe  to  an  opaque  bead,  whien  \mi  m. 
atrong  alkaline  taste^  and  when  once  formed  is  no  longer  fusible.  The  pulri'Ti^fd 
mineral,  before  iguiLion,  diitaolveii  sparingly  in  water  without  docomjwsition^  formimc  a 
solution  which  reddena  turmejie.  The  auhydroua  salt  is  reeolved  by  water  luut 
Boluble  carbonate  of  sodium  and  insoluble  carbonate  of  calcinm*  (Dana^  t  45^; 
Gm.  ii.  216.) 

eSBSXT&i  A  variety  of  hornblende,  resembling  anthophyllite,  from  Oc<lr^  in 
the  Pvrenees.  It  contain*,  according  to  Bufrenoy,  38*81  per  cent.  SiO*,  ^'31  AJ*0*, 
46  83  Fe'O,  413  Mg'O,  0G7  Ca'O,  and  2'70  BPO. 

CrERZiSVZTB*  A  silicate  found  mostly  at  Monnt  Manzoni,  in  the  FasM  Vallry 
(Tyrol),  in  isolated  or  aggregated  crystals  invented  by  calorpiir.  The  cryitals  are  ihort 
Bquar?  prisme,  sometimes  tabular.  Cleavage  imperfect  parallel  to  the  baae.  8p*«ifie 
CTavity  2'9  to  3*067,  Hardnes.<i  5-6  to  6,  Lustre  resinous,  incUuing  to  vtUneoua. 
Colour  various  shades  of  green  to  grey  and  brown.  Fracture  unevrn— iplinfety.  The 
powder  is  easily  decomposed  by  hydrocMoric  acid,  with  sepamtion  of  |(*emttQous  silica. 
According  to  Eamme  I  she  rg'a  analysis  (Minerakhcfnie,  p.  732),  the  mineral  containa— 
S10»,  Al^O*.  Fe^Oa.  rc'O  Jind  Mn^O.  C»'0.  W||50,  11*0. 
29-78       22K)2       3*22  1*92  3790       3*88       1*28   «   100*00 

whence  may  be  deduced  the  formula  33P0,M,*O*.2SiO=  or  M"M;Si'0;«  (M  denoting  a 
mousitomic,  and  M,  a  sesquiatomic  radicle^  such  as  aluminium);  and  if  we  write  m  ^^ 
f  M,  thia  formula  booomea  M'i»^i'0'\  which  ia  of  the  general  form  R'-'tii'O**.  or 
B*HiO»  -  SR^O.SiO"  (Dana»  ii.  2»6).  The  t*rm  mfmine  GeJUauU  i»  applied  to 
a  variety  of  Mellitito  (q.v*) 

cmic  A^CZII  and  OSZV.    See  Ulihc  Acid  and  ULUUf. 


OSlhfiLXZXr ■  Bo fi  €-rjtiaiin,  A  nijital  ghttin .  (L  r  h  m  a  n  n '  a  Ph^nolf^ind  Cki^»* 
try^  u  39.  Gerhard t^s  Traiti^  iv.  o07.) — Wlien  bonL-^  arc  digeste*!  fur  «)m«> 
length  of  iime  witli  hydrocidorie  or  nitric  acid  diluted  with  9  \\\s,  wat<ir,  and  the 
lifpud  ifs  decanted  and  rephiced  by  water  less  nnd  less  acid,  the  whole  of  the  min^-mJ 
c*>nxtituents  of  the  bones  are  dissolved  out,  leaving  the  chief  organic  constituent, 
boue-cartilage,  as  a  yellowish,  transparent,  elastic  eubstnnee,  r  '  ^  -  the 
priniitivo   form   of  the    boiic,    and    becoming   exceedingly  hard  and  ^  ftle 

on  drying.     This  substance,  which  is  also  the  chief  constituent  of  tho  l  in- 

branos,  the  connective  tissac,  the  epidermis,  tendons,  horn,  &c.,  has  been  t^rm'xi 
ossein,  or  ostein^  by  Verde i I  and  Robin.  Ossein,  when  completely  exhausted  by 
dilute  nciril,  contains  bitt  a  trace  of  mineral  mutter;  it  is  washed  with  distilled  water 
until  the  w;iJ*h  waters  no  longer  acquire  an  acid  reaction*  then  dried*  and  treated  with 
alcohol  and  tether.  According  to  Fr^my,  it  always  has  an  acid  reaction,  which  it  loses 
by  wiiahing  with  feebly  alkuline  water.  Boiled  Tilth  water,  ossein  is  converted  into 
gelatin,  without  either  evolving  or  absorbing  gas  j  indce*!,  the  composition  of  the  two 
IhKlics  does  not  sensibly  diflfl-r.  The  prpsfMice  of  an  acid  greatly  facilitjitt*s  this  trau*- 
fc^rmntJun.  Osaein  coulnins  492 C,  7'BII,  and  ]7*9N  (Fr<imy)j with  between  0  6  aJiJ 
0  7  per  cent,  sulphur,  (Verd»Ml,  ScLlieper.) 
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Sevcnil  kinds  of  gelatin  occur  in  commerce.  The  purest,  called  ichthyocoV,  or 
ishiglass,  is  extracted  from  the  internal  membrane  of  the  SHamming-Madtler  of  the 
sturgeon,  a  fish  reiy  common  in  Russia.  An  inferior  kind  of  isinglass  is  manufactured 
from  fish-bones.  Glue  is  a  crude  product^  prepared  by  boiling  down  pieces  of  hide, 
bones,  horn,  hoof,  cartilage,  &c,  with  water,  either  at  the  common  atmosplicric  pres- 
sure or  under  a  higher  pressure  (at  106®  or  107°  C).  After  the  concentrated  solution 
has  been  clarified,  it  is  conrerted  by  cooling  into  a  trembling  jelly,  which  is  cut  into 
thin  slices  by  means  of  a  wire,  and  then  dned.  In  this  form  it  is  mot  with  in  com- 
merce.* Common  glue  is  i&T  from  being  pure  gelatin :  it  contains  substances  soluble 
in  cold  water  and  in  alcohol.  To  purify  it,  the  solution  of  glue  is  allowed  to  gebtinise 
in  cold  water,  and  the  jelly  is  mechanically  divided,  tied  in  a  cloth,  and  placed  in  con- 
tact with  warm  water,  which  is  renewed  from  time  to  time.  When  the  whole  of  the 
colouring  matter  has  thus  been  extracted,  the  jelly  is  melted  in  water  at  a  gentle  beat, 
and  the  insoluble  portion  is  filtered  off  The  clear  solution,  mixed  with  its  own  volume 
of  alcohol,  yields  a  precipitate  of  pure  gelatin.  Gelatin  is  often  prepared  by  treating 
bones  with  dilute  hydrochloric  acid.  The  ossein  thus  obtained  is  washed  and  melted 
in  a  little  water. 

Chemical  and  physical  properties. — Dry  gelatin  is  a  colourless  or  yellowish  sub- 
stance, transparent  in  thin  plates,  elastic,  vitreous,  haixl,  and  brittle.  It  has  neither 
taste  nor  smell,  is  not  affected  by  the  atmosphere,  and  is  neutral  to  vegetable  colours. 
It  is  heavier  than  water,  and  is  insoluble  in  alcohol  and  ether.  In  contact  with  cold 
water,  gelatin  swells  and  increases  about  40  per  cent,  in  weight,  becoming  translucent, 
but  does  not  dissolve  appreciably.  The  jelly  dissolves  in  hot  water,  and  the  concen- 
trated solution  is  precipitated  by  alcohol  in  the  form  of  a  white  clotted  mass. 

When  a  concentrated  solution  of  gelatin  is  boiled  for  some  time,  it  gradually  loses 
the  property  of  gelatinising  on  cooling,  and  the  liquid  on  evaporation  leaves  a  deli- 
quescing residue,  resembling  terebinthm.  The  solution,  however,  yields  with  alcohol  a 
precipitate  of  the  same  composition  as  gelatin. 
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Schliepor  found  in  bone-  and  ivory-gelatin  between  0*12  and  0-14  per  cent,  of  sul- 
phur ;  and  v.  Bibra  always  found  very  appreciable  quantities  of  sulphur  in  bone-gelatin. 
Gelatin  precipitated  by  alcohol  g^ves  but  a  trace  of  ash.  Common  glue,  however, 
always  contains  a  large  quantity  of  phosphate  of  calcium,  and,  according  to  Mulder, 
this  substance  is  an  essential  constituent  of  gelatin. 

Moist  gelatin  exposed  to  the  air  rapidly  putrefies ;  the  liquid  at  first  becomes  highly 
acid,  but  afterwawis  gives  off  a  large  quantity  of  ammonia.  This  property  of  first 
becoming  acid  is  characteristic  of  gelatin. 

Submitted  to  dry  distillation,  gelatin  jrields  an  aqueous  distillate  charged  with  car- 
bonate of  ammonium,  and  a  thick  brown  oil  containing  sulphide,  carbonate,  and  cyanide 
of  ammonium,  various  volatile  alkaloids  (aniline,  picoline,  methylamine,  tritylamine, 
tetrylamine,  pyridine,  lutidino,  pyrrol),  together  with  certain  neutral  oils  not  yet  in- 
vestigated. 

Pure  solution  of  gelatin  is  not  precipitated  by  dilute  alkalis.  Boiled  with  concen- 
trated solution  of  potash,  it  yields  leucine,  glycocine,  and  other  products.  The  same 
reaction  takes  place  when  gehitin  is  carefully  fused  with  hydrate  of  potassium. 

It  is  not  precipitated  or  rendered  turbid  by  any  acid,  except  the  tannic  acids, 
Gf^latin  is  dissolved  by  concentrated  sulphuric  acid  in  the  cold.  The  solution,  diluted 
with  water  and  boiled,  yields  leucine,  glycocine  (sugar  of  gelatin),  and  other  products. 
Gerhardt,  by  boiling  isinglass  for  several  d.iys  with  dilute  sulphuric  acid,  obtained 
sulphate  of  ammonium,  and  a  considerable  (quantity  of  a  saccharine  matter,  convertible 
into  alcohol  and  carbonic  acid  by  fermentation.  This  reaction  supports  to  a  certain 
extent  Hunt's  view  of  the  constitution  of  gelatin.  He  finds  that  by  adding  the  elements 
of  ammonia  to  the  formula  of  starch,  ana  subtracting  the  elements  of  water,  a  formula 
is  obtained  agreeing  pretty  nearly  with  the  composition  of  gelatin : — 

C«H"0»  +  2NH«  =  C«n'»NK)«  +  3H»0. 
This  formula  would  require  60*70 C ;  704 H ;  19'71  N;  and  22-55 0 ;  the  nitrogen  is 
much  too  high. 

•  On  the  niannracture  of  geUtin  for  culinary  rurposcf ,  sec  Urc'i  DiaUmmry  f^f  Arts,  fc.  ii.  324 1 
MauuUciure  of  glu«,  t^ttf.  376. 
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Gt»UtiQ  is  attacked  by  hot 
together  with  a  fkt  and  tin  ajjtringent  subatance.     (lierzelitiB. 

Lime  and  phosphate  of  cnldum  ure  much  more  soluble  in  a  aolution  of  gelitistfaB 
in  cold  wiit«>r.  Chomirfd  compoatids  of  gelatia  asd  phosphate  of  calcium  tomj  he  ^ 
paied.  It  is  not  unlikely  tbat  oseein  tnd  phosphate  of  calcium  maj  be  in  '^ — ^' 
oombmation  id  the  bones.     (Lehmann,  Grmlin^  Handhueh^  Tiii.  [2]  557.) 

Solntion  of  gelatin  is  not  precipitate!  by  alum  or  farie  msl^haie  ;  on  thi* 
of  alkali  in  bufScuent  qunntity,  a  precipitate  is  formed  oontaiiung'  is^latin  and 
fltilphatc'.  It  is  not  precipilatii  hy  fern>cyanide  of  potOMium  (this  di»tin^i»h«i 
from  the  proti^in-compoiitidK),  nor  by  neutral  or  bask  acetat^f  of  lead.  It  i^  n 
turbid  by  the  addition  of  a  email  quantity  of  mercuric  chloride  /  the  pwv^pifcttt  r^ 
dissolves  on  shaking,  but  becomea  permanent  on  the  addition  of  excess  of  the  »Il  ll 
is  not  pwHnpitnted  by  nitraU  of  gtlt^r  or  chloride  of  ffM,  but  reduces  them  partly  to 
the  metallic  state.     It  is  precipitatod  h^  platinic  chloride. 

Sulphate  of  copper  does  not  precipitate  gelatin ;  the  green  liquid  t^ama  fkiti  oi 
addition  of  potajsb,  and  is  not  precipitated  by  ammonia  or  phosphate  of  aodittai* 

By  diHtillation  with  dilut<e  snlphurie  acid  and  perorids  of  iTtanffonese  or  add  t^r^ 
•mate  of  potag^ium,  the  same  products  are  obtained  with  gelatin  an  with  albamitt,  m 
carbonic  add,  formic  acid  and  its  homologues  up  to  caproic  acid ;  also  pnissic  add,  Tileio^ 
nitrile,  acetic  and  butyno  aldehydes,  benzoic  acid^  hydnde  of  benzoyl,  and  a  beaiy  dt 
haring  the  odour  of  essence  of  cinnamon. 

Gtulotannic  acid,  and  other  kinds  of  tannic  acid,  form  compounds  with  gelatin.    Tilt 
precipitate,  from  concentrated  soluttona,  is  obtained  in  clotted  flakes,  or 
elajstie,    imputrescible   mass.       The  precipitata  is   insoluble    in    w&ter^  alcohol 
ether,  but  soluble  in  a  warm  solation  of  potanh.      It  becomea  hard  and  brittle 
drying.     100  ptg.  gelatin  dried  at  130°  C.  yield,  with  gallotonnic  acid,  between 
and  13fl"6  pta.  product     The  composition  of  the  precipit/ite  does  not  appfor 
constant.     This  reaction  is  so  delicate  that  a  solution  containing  0  0002  pta^  gelatil 
rendered  turbid  by  an  infusion  of  gall-nuts  (p.  763). 

When  a  current  of  gaseous  cUorine  is  passed  through  a  solution  of  gelattiit  ■  wliifce 
pellicle  forms  round  each,  bubble  of  gas,  and  the  whole  of  the  gelatin  is  lliianyjir^ 
cipitttted  in  ilf*xible,  elastic,  naepiKJUS,  gelatiaous,  transparent  flakes  or  filaniffltf 
(Th^nurd,  Bouillon-Lagrange).  The  precipitate  is  tasteless,  slightljr  acid«  inptttlv- 
cible,  insoluble  in  water  and  in  alcohol,  and  «olublfl  in  alkalis.  On  ezposiue  to  tbs 
air  it  erhales  an  odour  of  chlorine,  A  similar  product  is  obtained  with  gelatin  whicb 
has  been  Tjuiled  for  some  time  mxh  water.  No  similar  products  are  obt^uned  by  soK 
stitnting  bromine  or  iodine  for  ehiorine. 

8<mrti9  and  ph^sido^ioal  rdations.  Bone 'gelatin  is  obtained  from  the  folloviof 
tissues  by  boiling  them  for  a  longer  or  shorter  time  with  water :  from  the  cartilsgM 
of  bone  (after  oBftifl«ition)»  from  tendons,  the  skin^  calTes*  feet,  harts'  homsir  i»tB|d^ 
the  scales  of  fish,  and  from  the  permanent  cartilages,  when  they  become  oesifiod  by 
diMase  (see  Chokdoin,  i.  930).  The  conversion  of  these  animal  parts  into  gciafem 
piTQceedB  without  any  evolution  or  absorption  of  ga^.  Indeed,  a  companaoii  of  tile 
analyses  of  paro  gelatin  with  those  of  the  tissues  yielding  it  shows  that  th«fv  if  M 
chemleal  dinerence  between  the  two,  or  that  at  mof^t  they  difler  only  by  a  lew  mole' 
coles  of  water*  fience  it  appears  that,  in  the  formation  of  gelatin,  the  material  of  tfce 
tissues  merely  undergoes  a  re~:LiTan^ement  of  its  atoms,  or  that  at  most  it  oolj 
milates  water,  just  as  starch  does  when  converted  into  glucose  by  prolonged 
The  formation  of  gelatin  from  the  gelatigenous  tissues  is  ereatly  facilitate 
presence  of  acids.  ScMieper  found  that  the  ossein  of  fo^su  bones,  the  oi 
Blunce  of  which  had  been  preserved,  bad  been  converted  into  a  gelatinous 
or  into  true  gelatin.  That  of  diseased  bones  does  not  appear  to  differ  from 
ossein.  In  the  boues  of  certain  waterfowl,  and  in  tlie  ribs  of  certain  fish^a* 
found,  instead  of  ossein,  an  organic  body  isomeric  with  that  substance,  but  inca]^ 
being  converted  inte  gelatin  by  iKjiling*  The  fibrous  tkstiie  of  embryos  does  not^ 
gelatin  by  boiling  with  wntf*r,  It  contains  an  intercellular  substance  yielding  agfJ 
tiuciuii  substance  and  albumin.     (Scherer.) 

According  to  J.  Mil  Her  (Pogg.  Ann.  xxrviii.  313  >.  the  cornea  coDtaius,  not  g*»Utia 
but    a    subslanco  resembling  chondrin.     In  caries  of  leucocythemia,   Scher*»r    f<(mo!i 
gelatin  in  the  blood.     The  filtered  serum  of  the  pus  from  a  femoral  absceee  was  fc 
to  contain  gdatiu  {Gfaelin'§  Handbmk,  viii.  [2]  627).     Beef  contains  19  per  c 
tendinous   titmue  capable  of  being  converted  into  gelatin  by  boiling  with  w»l 
(Berzeltus.) 

Liebig  has  remarked  that  gelatin  has  the  property  of  inducing  sacchanficatioo. 

Gelatin,  and  tissues  yielding  gelatin,  aro  converted  in  the  stomach  into  snbstazuM 
which  correspond  perf*  ctly  in  most  of  Iheir  phyiiicuLl  and  chemical  properties  with  the 
peptones  of  albuminoids,  but  are  distinguished  by  the  power  of  twiiing  the  plane  of 
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polarisation  of  a  laminous  ray  to  the  left  (p.  824).  Heady-formed  f2;elatin  is  more 
easily  metamorphosed  than  connective  tissue,  and  the  latter  far  more  readily  than 
tendons  or  cartilage. 

Gelatin  and  gelatinous  tissne  belong  to  the  most  digestible  substances.  According 
toBlondlot>  when  a  dog  was  fed  with  100  grms.  gelatin  from  calves*  feet,  very  little  re- 
mained undissolved  in  the  stomach  after  three  quarters  of  an  hour ;  and  in  one  hour 
the  stomach  was  empty.  The  same  observation  was  made  with  ichthyocolL  Gelati- 
nous tissue,  previously  boiled,  readily  undergoes  the  same  change.  Pieces  of  leather 
were  not  in  the  slightest  degree  acted  upon  by  five  days'  digestion  in  a  dog*s  stomach. 
{GmelirCs  Handbuch,  viii  [2]  616.) 

According  to  Frerichs,  digested  gelatin  loses  on  cooling  the  properties  of  gelatinising 
and  of  being  precipitated  by  chlorine,  but  still  gives  the  characteristic  precipitate  with 
tannic  acid.  The  same  effect  is  not  produced  by  artificially  digesting  gelatin  with 
a  dilute  acid. 

The  nutritive  qualities  of  gelatin  have  been  much  disputed.  Liebig  ascribes  little 
if  any  nutritive  qualities  to  it,  but  his  Experiments  do  not  appear  to  be  quite  conclusive. 
In  jellies,  &c,  it  does  not  perhaps  add  much  to  the  highly  nutritive  properties  of  the 
substances  for  which  it  usually  serves  as  a  vehicle.  C.  £.  L. 

OB&ATZV,  VBOBTAB&B.     See  Glxtten. 

OBXiXBZUM  CO&jyiJBUM*     See  the  next  article. 

0B&08B.  (Payen,  Compt  rend.  xliz.  521 ;  Pricis  de  Chimie  Industrielle,  4">* 
M.  ii.  727.) — A  gelatinous  principle  which  forms  the  essential  constituent  of  a  vege- 
table substance  called  Chinese  moss  (mousse  de  Chine\  first  imported  into  France 
from  China  in  1856.  This  substance,  which  is  found  in  commerce  in  small  bundles  of 
long  and  very  fine  threads,  is  said  to  be  obtained  from  several  lichens  growing  on 
trees  in  the  south  of  China,  and  the  southern  islands  of  the  Philippine  Archipelago. 
Jt  is  quite  destitute  of  organised  structure,  and  contains  only  0*0607  per  cent,  of 
matter  soluble  in  coldwat^r,  and  a  still  smaller  quantity,  viz.  0*007  per  cent  soluble  in 
alcohol.  It  swells  up  in  cold  water,  and  dissolves  almost  wholly  in  boiling  water,  leaving 
only  a  small  quantity  (2  or  3  per  cent)  of  azotised  corpuscles.  The  solution  on  cool- 
ing coagulates  into  a  colourless  translucent  jelly,  containing  a  quantity  of  water  equal 
to  about  500  times  the  weight  of  the  original  substance. 

This  jelly,  when  dried,  yields  gelose^  a  substance  insoluble  in  cold  water,  alcohol, 
ether,  weak  solutions  of  potash,  eoda,  or  ammonia,  dilute  aeide,  and  ammoniaca] 
solution  of  copper.  Acetic  acid  of  8^  Bm.  dissolves  it  It  is  soluble  also  in  a  very 
small  quantity  of  strong  sulphuric  or  hydrochloric  acid,  acquiring  a  brown  colour,  and 
gradually  forming  a  brown  coagulum,  which  may  be  washed  without  alteration  in  hot 
or  cold  water,  or  in  caustic  alkaline  solutions. 

Gelose  contains  42*770  per  cent  carbon,  5*775  hydrogen,  and  51*455  oxygen.  No 
definite  compound  has  yet  been  formed  of  it^  so  that  its  atomic  weight  and  rational 
formula  mu8t  for  the  present  remain  undetermined ;  but  it  belongs  to  that  class  of 
proximate  principles  which  contain  a  laiger  proportion  of  oxygen  than  is  required  to 
form  water  with  the  hydrogen. 

The  species  of  lichen  which  yield  the  commercial  article  are  not  exactly  known. 
Payen  has  examined  several  lichens  with  the  view  of  obtaining  it^  but  has  only  found 
slight  traces.  On  the  contrary,  he  has  obtained  it  in  abundance  Arom  certain  algse, 
viz.  the  Java  sea-weed  {Gelidium  comeum\  and  the  Piocaria  lichenoides,  a  sea-weed 
£rom  the  Mauritius  ;  in  small  quantity  also  from  several  European  algse.  From  Java 
sea-weed  it  is  extracted  by  treating  the  plant  in  the  cold  successively  with  dilute 
hydrochloric  acid  of  0*02,  or  dilute  acetic  acid,  water,  and  weak  ammonia ;  washing  it 
thoroughly  to  remove  earthy  and  alkaline  salts  (including  53  per  cent,  of  carbonate  of 
calcium),  and  extraneous  or^nic  matter;  exhausting  the  residue,  which  contains  58 
per  cent  of  glucose,  with  boiling  water  as  above ;  and  drying  the  jelly  which  forms  on 
cooling. 

Gelose  yields  ten  times  as  much  jelly  as  an  equal  weight  of  isinglass,  and  may, 
therefore,  perhaps  be  economically  used  in  place  of  that  substance.  It  is  true  that  it 
contains  no  nitrogen ;  but  as  gelatin  is  said  to  serve  rather  as  a  vehicle  for  nutritious 
matter,  than  as  a  directly  nutritious  substance,  it  is  possible  that  gelose  may  be  found 
applicable  to  the  same  purpose. 

OBMS*  ASTZrxcZA&.     See  Ure^s  Dictionary  of  Arts,  &c.  ii.  328. 

08WTXjA.V.  Gentiana  lutea. — The  root  of  this  plant,  which  is  abundant  in 
Switzerland,  the  Tyrol,  and  the  Auvergne,  is  cylindrical,  knotted,  of  yellowish-brown 
colour,  disagreeable  odour,  and  strong  bitter  taste.  The  aqueous  infusion  is  much 
used  as  a  tonic  The  root  contains  gentianic  acid,  a  peculiar  bitter  called  ^ntian- 
bitter,  unciystallisable  sugar,  gum,  a  volatile  oil,  a  green  oily  matter,  pectic  acid, 
yellow  colouring  matter  and  cellulose. 
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GENTIANIC  ACID— GEOCERIC  ACID* 

G  e  fit  I  AH  «l>i  1 1  e  r  may  be  s«punit«d  fiWSk  Ikt  tqtteaus  infusion  of  the  rodk  hj  a 
chan^o^i.  tind  extracted  theirfram  hf  liot  llcolidL     It  is  ycUov;  uncwjviaMitM^  taA 
roilwLTa  an  jilkallue  cupric  solution. 

The  litju'td  ftDin  which  the  biitcr  faas  been  extzft^^  bylmimal  ehifottd  t^taim  m 
«olDtioii  a  Urge  quantity  of  uncryBtAllisable  sogw,  and  a  mbetaiicA  whidi  iiapoffeitti 
s  Btrong  grom  iridoseeaoe  or  flaoxfiaceoce.  (BL  Lndw^ig,  Arch.  Fhann,  [S]  etm,  113 < 
JahKfib.  1861,  p.  753,) 

asVTXASnc  AOXD.    C^*W*0K     Gnttianin^  Gtntisic  tuyiti^  G€niimm,^A 

mujic  iiL'id  cirisung  ill  the  toot  of  geDtlan  (Gmtiana  tutta\  diacorered  by  H*tL 
Caventou  (J.  Tharm.  vii.  173),  more  fiiUy  examioed  bjBaumert  (Ann.  dK  ^ 
hdh  106).    it  i^  extracted  by  tre^img  the  powdered  root  with  caJd  waX.et,  to  i 
tho  bitter  priuciple;  thon  preMtng,  drying,  and  eadmu^ting  it  witlt  atroa^  i 
diatilling  off  the  greater  part  of  the  alcohol;  and  treating  the  brown,  raau 
bitter  reeidue  with  wuter,  which  separatea  light-brown  flakea  confAJnin^  ^_ 
«cid,  a  TMin  similar  to  cauutehouc,  a  fatty  snbatance,  and  a  bitter  prinapW, 
«re  treated  with  ether  to  remove  the  fat,  iind  then  disaoWed  in  alcohol,  which  leaTv  «a  , 
^Toporstion  a  crystalline  maas.  still  bitter,  and  mixed  with  reain.     Bv  repeated  — ~ 
tallti^utioti  from  alcohol,  the  gentianic  acid  ia  obtiiinod  in  needlee,  qxutr  tawtele  ~ 
haTing  a  Hght'-Tellow  coloor ;  10  kilogrammes  of  the  dried  root  yield  oolj  $  < 
of  pu re  g**!] tianic  acid.     (Baumert.) 

Gentinnic  add  cryBtalliscs  in  alendisr  needles,  which  require  36*30  pla.  of  i         

16'^  C.  to  dutflolTe  them.     It  is  more  soluble  in  ether,  and  still  more  in  boiling  aloobol 
The  eolutions  are  neutral  to  Tcgetable  colours.     It  ia  al&o  very  soluble  tn  aUuUik  i 
small  quanHty  sufficing  to  impart  a  golden  tint  to  an  alkaline  liquid.     It 
aocHinling  toBaum^rt'^  aQalyiia,  65*06  p4*r  cc^ut  C,  4'12  H,    and  3083  O^ 
nearly  with  \he  formula  C'^H^O*. 

Gentiiiuic  acid  is  unalterable  in  thr^  air,  and  may  be  heated  to  200^  C  wit^mt 
deoompoaiug.  Between  300^  aud  340^  it  ffublimea  partiaUy  in  yellow  needk«»  IW 
greater  part,  however,  becoming  carbonised  and  emitting  a  peculiar  odour.  It  w  not 
attacked  by  hydrochloric,  acetic,  tulphurouA  or  dilate  sulphuric  acid  ;  atroog  smif>Uint 
mid  dii^dlT&ti  it  with  yellow  colour.  Kiiric  a^td  of  specilic  grarity  1  43^  free  ttam. 
nitrous  acid,  diRsolTcs  it,  forming  a  green  solution  from  whidi  water  throwv  dova  a 
green  powder,  consigting  of  dinitrogentianic  acid,  C'*H*(NO»)H>*-^  H^.  Xhi» 
acid,  in  contact  with  alkulia,  assumes  a  fine  cherry  colour,  even  the  ammonia  in  th* 
air  Fufficinj^  to  produce  it  in  a  certain  degree.  When  gentianic  acid  ia  added  by  i 
portioni*  to  fumhtg  nit  He  acid,  the  violent  action  being  each  time  allowed  to 
Bide  before  a  freah  portion  is  added,  a  solution  is  obtained  from  which  water  pn 
tiitt'i*  a  yellow  cry  fatal!  ine  substance,  probably  consisting  of  trinitrogentiaiue  i 

ChloHne  pujmed  into  an  alcoholic  aoludon  of  gentianic  acid  throws  down 
yellow  6ock<*  containing  chlorine. 

Gentianic  acid  deeomftofieft  oikalino  carboDat^^'S.  The  gentianat<4  of  the  mtk 
Wittah  are  soluble  and  crystulliae  in  needles^  but  do  not  appenr  to  be  of  constant  i 
poRitiou.  The  harium-^ati  forms  an  orang«-ooloured  fiocculent  precipitate,  conlaininf 
U^^IPBn^O^-f  H-0.  The  Uad  salt  is  al»o  an  orange-coloui^d  precipitate,  obtained  hy 
mddin^  gentianic  acid  mixed  with  ammonia  to  neutral  acetate  of  lead :  it  coatnas 
C^^H'Pb^O^ .  PV^HO. 

0(  ntianic  acid  forms  green  precipitates  with  cuprk  aalt%  brown  with  Jerrk  m^ 
and  reduces  salta  of  w/wr. 

OSlTTXAJf nr,    Syn.  with  Gsntlajtic  AdO, 

GSOCE&^Xir.     A  waxy  body  isomeric  with  geoceric  acid* 

GSOCESXC  ACID.— C»H**0' ?  (L.  Brtickner.  J,  pr.  Chem.  Iril  I ;  Jahr«^ 

1862,  p.  0  47). — A  w:ixy  acid  aimilar  to  and  perhaps  identical  with  cerotic  aeid,  ob- 
taiiu'd,  together  with  other  wasnr  and  resiuotia  substAOces,  from  acme  peculiar  kkai  ^ 
earthy  lignite  fouud  at  OiLrstcwiti!,  near  Weiasenfeb, 

A  yellowbh^brown  variety  of  the  lignite  exlmufsted  with  ether  yielded  by  <&iiBei»- 
tion  a  yellowish -hrown  resiiJue,  consisting:  1.  Of  a  resinous  substance,  letieonelrill, 
C**H*'C)*,  in^ioluble  in  alcohol  of  80  per  cent,  but  slightly  soluMe  in  boilingf  absiQlQte 
alcohol,  whence  it  crystttllises  in  ttmed  groups  of  ncedl<:^5«  melting  abore  100®  (X — 
2.  Of  waxy  and  resinous  aubetances^  soluble  in  boiling  alcohol  of  80  per  c«il,  ^^ — 
of  these  latter,  precipitated  from  the  concentrated  and  cooled  aJcoh^lic 
tion  by  alcoholic  acetate  of  lead,  separated  from  the  lead  precipitate  by  ^Utnig  i 
acid»  and  pecrjstnllised  from  alcohol,  formed  small  needles.     It?  aolntioa  mk 

dirty  green  precipitiitc  with  cupric  acctJte  ;  its  nmmoniiical  solutitMt  gave  on  all  ' 

ammonia  on  evaporation.    Bhickner  aasigns  to  the  aubstajice  which  imitea  wtlh  dM 
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bases  in  these  salts  the  formula  C^^IP^O^^  and  calls  it  georetic  acid. — 3.  The 
filtrdto  from  the  lead  precipitate  contained  two  resins,  one  of  which  separated  by  slow 
evuj)ordtion  in  the  pulvenilent  fonn,  and  exhibited  the  composition  C^W^O*^  and 
the  other  separated  after  further  evaporation  as  a  soft,  tough,  brown,  transparent 
mass. 

The  same  yarietj  of  the  lignite  subjected  to  dry  distillation  gave  off  a  large  quantity 
of  illuminating  gas  and  white  vapours,  which  at  first  condensed  to  an  oily  liquid^ 
afterwards  to  a  buttery  mass,  the  solution  of  which  in  boiling  alcohol  of  80  per  cent, 
yielded  on  cooling  a  combustible  crystalline  substance,  geocerinone,  C"*ir*"(?*,  or 
C**H'**0,  the  acetone  of  geoceric  acid,  which,  when  purified  by  recrystallisation,  exhi- 
bited microscopic  six-sid^  plates,  melted  at  50°  C,  was  not  altered  b^  aqueous  potash, 
but  was  converted  by  chromic  acid  in  the  nascent  state  into  a  waxy  acid.  The  alcoholic 
liquid  from  which  the  geocerinone  had  separated  retained  an  oil  in  solution. 

A  dark  brown  variety  of  the  lignite,  freed  from  georetic  acid  and  other  resins  by 
exhaustion  with  cold  alcohol  of  80  per  cent,  yielded,  on  subsequent  boiling  with  the 
sani<>  alcohol,  the  following  substances :  1.  The  hot-filtered  alcoholic  liquid  deposited 
on  slight  cooling,  a  pulverulent  substance,  geomyricin,  C^H'*0\  or  C^H*K)*,  which, 
however,  was  obtained  in  greater  quantity  when  the  resin,  after  exhaustion  with  cold 
alcohol  of  80  per  cent.,  was  boiled  with  absolute  alcohol  After  several  rocrystalliBa- 
tions,  it  formed  white  pulverulent  masses  of  microscopic  capillary  crystala,  melting 
between  80-^  and  83°  C. — 2.  The  still  hot  alcoholic  liquid,  filtered  from  the  geomy- 
rii'in,  heated  to  the  boiling  point,  and  mixed  with  a  hot  alcohob'c  solution  of  acetate  of 
lea<l,  deposited  the  lead-salt  of  geoceric  acid,  which  was  extracted  therefrom  by 
strong  acetic  acid,  and  purified  by  recrystalliaation  from  alcohol  This  acid  may  also 
bo  obtained  by  wiponifying  the  waxy  bodies  contained  in  the  alcoholic  decoction  of 
th<»  lignite  with  potash,  decomposing  the  soap  with  chloride  of  barium,  and  the  puri- 
fiod  biirium-salt  with  acetic  acid.  It  dissolves  readily  in  hot  alcohol,  and  separates 
almost  completely  on  cooling  in  the  form  of  a  gelatinous  mass.  It  melts  at  82°  C. 
Briickner  expresses  its  composition  by  the  formula  C**/f**0*,  or  C'*H*H)*,  and  ob- 
8«>rves  that  it  closely  resembles  cerotic  acid,  CH^'O*. — 3.  The  liquid  filtered  from 
the  precipitate  of  geocerate  of  lead  contained  in  solution  a  neutral  wax,  geocerai'n, 
isomeric  with  geoceric  acid,  which  separated  from  the  hot-filtered  liquid,  on  cooling, 
in  the  gelatinous  form,  and,  when  purified,  melted  at  80°  C. 

OBOCBXZVOwa.  C^H"*0. — The  acetone  of  geoceric  acid,  obtained  by  dry 
distillation  of  either  the  yellow-brown  or  the  dark  brown  varie^  of  the  lignite  of 
Weissenfels. 

OBOCBOVZTB.    (Dana,  ii.  85;  Gm.  iv.  176.) — A  native  sulphantimonite  of 

Pb* ) 
lead,  5Pb^S.Sb%^  or  gj^'^fS*,  from  the  silver  mines  of  Sala  in  Sweden ;  also  found  in 

Galliciu,  at  Mcredo  in  Spain,  where  it  forms  nodules  in  galena,  and  in  the  Valley  di 
Castello,  near  Pietro  Santo,  in  Tuscany.  Usually  massive,  but  sometimes  in  crystals 
belonging  to  the  dimetric  system;  also  granular  or  earthy.  Specific  gravity  6*4  to  6*6. 
Hanlness  =  2  to  3.  Lustre  metallic.  Colour  and  streak  from  light  lead-grey  to  greyish 
blue.  Fracture  uneven.  Crumbles  easily  and  soils  the  fingers.  Fuses  readily  before 
the  blowpipe,  giving  off  fumes  of  antimony  and  sulphur,  and  colouring  the  charcoal 
yellow.   A  variety  called  KilbrickeniU,  from  Kilbricken,  County  Claje,  Ireland,  contains 

6  at  lead  to  1  at.  antimony;  6lVS.Sb=S'  or  /gb«v«|^*- 

Geoeronite, 

^ >^ ^        KOMckenite. 

From  Salm.      From  lloredo.  From  Tuscany. 
Svanl)erg.  Sauvage.  Kerndt.  Apjohn. 

Sulphur 16-26  16-90  1732  1636 

Antimony         ....       958  1600  969  14*39 

Arsenic 469  .   .  4*72 

I,ead 65-45  6489  66*55  6887 

Copper 1-51  lOO  115 

Iron  and  Zinc ....       053  .   .     Iron     172  038 

98*02  99-39  101*15  10000 

OBOniS.  A  rounded  nodule  of  stone  containing  a  cavity  usually  lined  with  crystals : 
geodes  frequently  consist  of  lignite,  chalcedony,  &c. 

CWOIbOOTf  CBBMZ8T&T  OF.  Since  the  severance  of  geological  science, 
properly  so-called,  from  the  speculative  systems  of  cosmogony,  with  which  it  was 
associated  up  to  the  commencement  of  the  present  century,  its  development  has  been 
materially  aided  by  the  application  of  the  knowledge  acquired  in  other  departments  of 
research,  to  the  critical  examination  of  geological  phenomena,  and  to  the  elucidation  of 
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the  rartoufi  pn-Mrnis  suty^e^rtM  by  tliera,  as  to  Mip  raode  in  whicli  rocks  and  > 
hrnxB  hivn  tVnne^  r»r  altortul  from  their  origiimt  condition*.  It  being  no  loDgtr  i 
as  th«  object  of  geoloCT  to  discover  bow  the  earth  originjited,  but  mercljjf  to 
the  history  of  it«  exutc^noe  and  ehangea,  it  im  evident  thai  tiid  iv<cords  of 
history  must  be  read  in  accordance  with  tho#e  kwB  of  nature  which  are  known  tr>  J 
tain  in  the  phenomena  and  changea  taking  place  at  the  present  time.  An  enjiq 
geologist,  in  referring  to  the  relation  between  geology  and  othirr  pyiysii^l  sciene^  ( 
remiLTkod  that»  a«  an  hiatorian  ehonld  be  at  once  profoundly  aeqiuubted  with 
branches  of  knowledge  by  which  mny  insight  into  human  affiura,  or  into  the  sifOral  m^ 
intellectual  natore  of  man,  can  ba  obtained,  so  "  it  would  be  no  ]ee«  desirable  that  a 
geologist  should  be  well  Tened  in  ehemistiy,  natural  philosophy,  mineralogy,  wdeg^t 
comparuriTe  anatomy,  botsny;  in  thort*  in  erery  science  ndating  to  orgaaie  andiar 
oiKanic  nature."     {Lydts  Principks,  p.  2.) 

This  oeceeiiity,  now  fiilly  acknowledged  by  all  geolggutSt  has  beeo  complied  ^ 
a  less  extent  in  the  ease  of  chemistij  than  in  any  other.  And  yet  it  is  from  dit 
alcme  that  data  can  be  obtained  which  will  admit  of  com>ct  condusdoos  beiag  i 
as  to  many  geological  phenomena,  sncbr  for  instance,  as  the  formation  and  alteiatiaBl 
rocks  and  strata,  or  of  the  indiYidual  minerals  of  which  they  are  constituted.  Psiar  to 
the  hitter  part  of  L&9t  contury^  chemistry  was  not  in  a  position  to  furnish  the  necessiy 
data  for  the  interpretation  of  geological  facets,  and  the  opinions  of  eeologists  with  reffoA 
to  the  formation  and  alteration  of  rocks  and  strata  conformed  to  one  or  othtf  of 
two  extreme  Tiews,  according  to  which,  on  the  one  hand,  eTetythlng  irss  gninioxd  lo 
hare  been  produced  by  fire,  while  on  the  other  hand,  everything  wmB  supposed  to 
hare  been  produced  by  water.  These  two  opposite  doctrine*  were  equally  adopted. 
mithout  any  inquiry  being  made  as  to  how  far  the  natnre  of  paiticalar  vocks  otmoMnk 
might  be  consistent  with  the  opinion  that  they  had  be«i  piodnoed  by  the  agnuysf 
fire  or  of  water.  Thus  gmnite  and  all  simihir  crystalline  rocks  wvr^  very  generally 
regarded  as  haring  acquired  their  present  condition  by  the  ciystallisation  of  meltid 
masses ;  but  in  granite  it  is  always  found  that  quarts,  the  least  fusible  of  its  three 
ccmstituent  minerals^  appears  to  have  been  the  last  to  aystftllijie,  while  felspar,  the 
most  fbsible  of  them,  ap^iears  to  have  crystallised^  firat,  the  crystals  of  felspar  bexag 
imbedded  in  tho^e  of  mica  and  quarts.  In  inrenite  and  othnr  crystaHine  quaitaose 
rocks,  as  well  as  in  granite,  the  quarts  is  found  to  he,  as  it  were,  the  malTiz  m  whiek 
the  emtak  of  the  other  more  fusible  mineralB  are  imbedded:  hence  it  wotdd  mmi 
Ihst  the  constituent  minerals  of  these  rocks  were  not  eiystalltuf'd  in  such  an  oraW  of 
Buceeasioij  as  would  he  indicated  by  their  relative  degrees  of  fusibility,  and  as  might  be 
expected  if  they  were  of  igneous  origin. 

Gmritte  dyke$^  iind  veins,  not  more  than  an  inch  or  two  thick,  and  somettjnaa  a*  Ikm  as 
paper,  are  ftw|uently  met  with  traversing  and  extending  into  other  rocks,  whiflli  i 
been  Tery  intensely  heated  if  these  veins  were  injected  in  a  melted  state ;  bot  4 
speaking  the  strata  in  which  such  veins  are  foond  do  not  uresent  any  tudie 
naving  been,  at  any  period,  intensely  or  at  all  heated,  nor  is  tbeie  at  the  line«  oTj 
between  the  granite  veins  and  the  Burrounding  rock  any  indicalioo  of  th(*  action  1^ 

These  facts,  and  many  others  of  a  Himiiar  naturct  arc  quite  irreconcibible  * 
opinion  that  granite  has  in  all  cases  been  formed  by  igneous  action ;  and  it  th^^  _,  _, 
prove  that  it  has  not  been  so  formed,  they  at  Icof^t  open  a  wide  field  at  inquiry  »m  \ 
the  conditions  unditr  which  granite  hiis  been  produced. 

The  various  kindu  of  porphyritic  lava  famish  another  instance  in  which  tbi  olia- 
ractcra  of  the  minerals  they  contain  are  inconsistent  with  the  opinion  that  these  radoi 
were  formed,  as  they  now  exists  from  melted  masses.     These  rocks  are  andonbt^HJly  i 
Tolainic  oripn,  but  the  important  fact  with  regard  to  them  is,  that  they  are  all  <  ' 
remote  origin,  far  anterior  to  the  historic  period-     Generally  speaking,  the  hiva  i 
recent  periods  is  either  amorphous,  or  if  it  be  of  crystalline  texture,  it  rarely  |^ 

imbedded  crj'stalline  minerals  of  any  size  or  symmetry,  so  as  to  have  a  porphy,,™ 

character.     It  is  otily  in  the  most  ancient  products  of  volcanoes  that  such  cryntals  of 
wemerite.  garnet,  leucite,  and  veflnvian  are  met  with.     A  variety  of  circi 
connected  with  the  relation  these minernlA  bear  to  others  with  which  they  are  1 
in  these  rocks,  till  tend  to  the  conclusion  that  they  have  been  formed  snbaeqa 
the  solidification  of  the  lava,  and  not  at  all  under  the  influence  of  beat 

The  existence  of  hydrated  mineials,  such  as  aeoUtea,  in  some  rocks  may  aim  W  r<p^ 
garded  as  evidence  that  those  rocks  have  not  been  formed  by  igneous  action,  or  \h 
they  have  undergone  some  coosiderable  alterations  by  other  means  subsequent  to  thu 
formation.      Thus,  for  instance,  no  zeolites  ivn^  found  in  lava,  but  in  niiuiy  kinds  I 
basalt  they  are  very  abundant. 

Iron-pyrites  is  a  very  frequent  constituent  of  most  crystalline  vocks^  bot 
mineral  is  decomposed  bv  a  red  beat  Its  occurrence  likewise  in  almost  eroty  va 
of  sedimentary  rock  is  cleiirly  indicative  of  its  formation  without  the  tgraey  of 
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and  leads  probability  to  th©  saine  mode  of  formation  in  crystalline  rocjcj.  It  is  there- 
fore ntfceaanry  to  abf>taui  from  regarding  crystulline  minerals,  occurring  even  in  Toli^anlo 
nx'ks,  08  being  products  of  fu!»ioD,  or  from  regarding  their  occurrence  in  such  rocks 
as  evidence  of  their  formntjcm  In  that  way;  and  it  in  Btill  more  necessary  to  abstAiu 
team  eonduding  that  rocks  whose  geognostic  rekliona  indicate*  iui  eruptive  origin  were 
origimilly  in  the  &ame  condition  that  they  exhibit  ut  the  prt^sf  nt  time. 

Tbi'  clAsa  of  nx'ka  compri*^d  uflder  the  geneml  term  of  metiunorphio  rodu, 
hnxe  nlwayfl  furnished  wido  HCopt'  for  Hpecuinticia  as  to  the  mode  in  which  they  hiit6 
aojnirt'd  their  present  condition.  These  rocks,  presenting  evident  Bigna  of  strut ificati on, 
fotssQ  remains,  and  sometimes  all  the  features  of  fiedimentary  titmta,  also  po^Best  a 
fitruetur^^  more  or  less  crystalline,  and  sometinieA  a  gencml  ebamcter  ao  closely 
rcMombiiug  that  of  masiiiLYe  crystalline  roekfl^  tsm  to  be  distinguishable  from  them  only 
by  rctainiDg  faint  Rigns  of  straHficMion  which  reveal  their  sedimentary  origin* 
HeuiM^  it  has  been  impossible  to  overlook  the  fact  that  the  present  condition  of  these 
roi'ksj  has  been  brought  about  by  the  alteration  of  sedimentary  strata*  Very  remark- 
aUle  theories  of  meLamorphism  have  at  variooa  times  been  propounded,  in  which  fire 
and  watrf,  prf'S,sure,  electricity,  and  magnetism  have  buen  made  to  perform  strangely 
incoherent  and  anomalocte  functions;  but  it  is  only  quite  lately  that  any  uttempls  hare 
be<-n  made  to  trace,  as  it  were,  the  various  stages  of  met^imorphism  In  rucks,  and  by 
ascertaining  what  mineialogical  and  chemical  dififereoces  accompany  these  varionj  de- 
grees of  alteratioD,  to  obtain  a  basis  on  which  to  found  some  general  view  with  regard 
to  the  mt«tamorphism  of  focki^  that  shall  be  consistent  with  observed  facts,  and  with 
recognised  principles  of  chemistry  and  physics. 

Among  the  facts  which  have  contributed  to  afford  evidonce  of  the  extent  to  which 
chemical  action  is  concerned  in  the  formation  find  alteration  of  rocks,  the  phenomena 
of  pseudomorphism  and  ix-trtfaction  have  been  the  most  important.  Psendomorphs 
are  minerals  presenting  definire  crjiital-forms  which  do  not  belong  to  the  substances  of 
which  those  minerals  now  consist,  but  to  other  substances  whit'h  have  either  wholly 
disappeared,  or  of  which  some  fragments  still  remain,  rscudomorpha,  though  pre- 
senting an  outward  cryfitat-form,  are  not  really  erytttals,  but  merely  aggregutes  of  tilt 
substances  which  have  been  produced  situultiineously  with  the  destruction  of  thoM 
whn»e  outwanl  eryst*il-form  they  present.  In  like  manner  petrified  op  fossil  organic 
remains  are  abundnntly  met  with,  consisting  of  a  variety  of  aubstanceSt  such  as  carbo* 
nate  of  calcium,  the  sulphates  of  barium^  calcium,  and  sttontiuiu,  fluoride  of  calcium, 
quiirtz,  opal,  talc,  sc^uiujude  of  iron,  the  carbonates  of  zinc,  lead,  and  iron,  black  oxide 
of  niiingjinese,  phosphate  of  iron,  iron  and  copper  pyrites,  the  sulphides  of  lead,  zinc, 
Clipper,  and  roprcury,  metallic  copper,  chlorite,  &c.  Hero  the  organic  sul^stance, 
or  the  material  of  the  bony  or  shelly  structures,  has  been  removed,  while  in  their 
pioco,  and  with  their  form,  tome  on©  or  other  of  the  above-named  substances  have 
been  sultstituted. 

The  olteratioziB  recognisable^  to  a  greater  or  leas  extent,  in  many  minerals  are 
pt<rfectly  analogous  to  those  presented  by  psendomorphs  and  j«?trifaction»,  and  this  is 
equally  true  whether  it  be  an  isolated  oryntal  of  a  mineral  that  is  altered,  or  whether 
the  alteration  has  takm  pluee  throughout  ao  extensive  mass  of  rock  consisting  of 
niinuf  e  cnrntals  of  that  mineral  or  merely  amorphous  masses  of  it  In  the  latter  case, 
ih»^  iiiflications  of  the  change  which  has  taken  place  cannot  be  traced  as  in  a  large 
wr  Ibrlefineil  crystal,  but  the  clue  to  the  real  nature  of  that  change  may  be  obtained 
fn>m  the  study  of  the  more  apparent  instance, 

i^'^trietly  speaking,  it  maybe  impos^ble  to  say  whether  any  particular  mineral  is 

really  in  a  normal  condition  of  integrity,  or  whether  it  has  not  undergone  some  degree 

of  alteration.     The  aualysis  of  mineral  almost  invariably  indicates  the  presence  of 

minute  qnantities  of  8ul>8tancee  not  belonging  to  their  eliemical  eonstitntion.     These 

substances,  regarded  as  foreign  or  accidental,  are  often  deducted  in  calculating  the 

cliemiral  formiilEP.     Thus  for  instance,  aiidalnsite  is  reasonably  couKidered    to   be 

I  Anhyilroiis  silicate  of  alumina,  but  aU  analp  ses  of  this  mineral  indicate  the  prftfence 

rof  potash,  lime,  magnesia,  the  oxides  of  iron  and  manganese,  and  water.     If  these 

iHuV^tances  are  merely  accidental  admixtures,  that  variety  of  andalusite  which  contains 

hthe  sinaUi«t  amount  of  them  will  be  nearest  to  its  normal  condition. 

I     The  alteration  of  mineral:^  is  an  extremely  slow  process.     The  material  ehangea 

rarogress  so  gmdually  as  to  be  chemically  recognisable  only  after  the  lapee  of  long 

I  penoda,    Andalusite,  for  example,  is  known  to  undeigo  conversion  into  mica,  in  which 

[  ehange  part  of  the  alumina  is  removed,  while  potash,  ma^esio,  and  ferric  oxide  are 

I  intrrxluced  in  its  place;  hence  it  maybe  inferred  that  this  mineral,  as  usually  met  with,  is 

I  already  in  a  stale  of  incipient  alteration.     Andalusito  uko  undergoes  conversion  into 

I  Steatite,  in  whit'h  change  the  whole  of  the  alumina  is  abstracted,  and  magnesia  sub- 

Kstitnted  in  its  place. 

[      Thi«  example  will  suffice  to  show  the  importance,  in  a  geological  point  of  view,  of  the 
WoL.  IL  3H 
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ininnte  quantities  of  flubstnnees  present  io  minprali.     These  iK^qnirG  sij^iftomce  i 
compan*d  with  the  constituents  of  the  pseudomorpbs  resulting  from  the  alteration  i 
minerals  in  which  emch  Adventitious  Bubistances  ore  fbuijd.      Thej  then  no  ] 
appear  aecidentiil,  but  indicatlTe  of  tbo  tranBition  of  one  miner&l  int^  others ; 
pfaoo  dearly  before  ma  the  progreteiTe  nature  of  tJioae  changes,  whose  ultimate  i 
arc  reeognisable  more  obTioustj  iu  pfleudomoTpha^  and  flhow  that  tboae  conatituenta  of' 
a  minertkl,  which  in  a  minimum  proportion  are  rogatdM  as  acddental^  may  ultimately 
in  li  mnjtimiim  proportion  become  essential. 

There  can  be  no  doubt  that  the  chemical  analysis  of  minerals  would  acquire  a  1 
higher  raiue  if  its  object  were  not  merely  to  eatablish  chemical  formuloc',  but  also  toj 
elucidate  the  forroation  of  minerals.  The  fact  that  one  mineral  may  appear  with  tha 
outward  form  of  another  totally  distinct  mineral  has  been  sufficiently  well  eetablished 
by  mineralogists,  and  it  remains  for  chemists  to  trace  theprocesaes  by  which  the  alten>  j 
tion  of  the  one  into  the  other  may  take  place.  Time  being  so  essential  an  elenuat  ] 
in  the  processes  bj  which  these  chaogea  are  effected,  it  is.  not  to  be  expected  that  they  | 
can  be  eaperimentcilly  studied  ;  so  thut  the  only  course  is  to  aseertain  by  analysis  tM  i 
increase  of  the  non-essentialj  and  the  decrease  of  the  esaeDtial  constituentit  of  J 
mineml,  until  a  point  is  reached  at  which  the  one  takes  the  place  of  the  other. 

These  proceesefl  may  bo  cotisidered  to  consiBt  either  iu  the  direct  conT«nio<i  of  J 
one  m  in  end  into  another,  or  in  the  production  of  a  Irenes  of  gradational  cbangen^ 
fnmii<hin^  minemls  more  difttinct  from  the  original  ones^  and  more  resembling  tie 
final  prodttct  of  the  alteration.  Thus,  magnetic  iron  ore  muybe  directly  conTerted  into 
ferric  oxidt%  while  in  the  caao  of  more  complex  minerals,  such  as  silicates  containing^ 
several  bases,  there  would  be  a  long  scries  of  transitions,  as  iu  the  alteration  of  eoi^  < 
dicrite,  terminating  in  the  formation  of  mica,  the  minerals  fahlunite,  chlorophyllite, 
bonsdorffite,  esmarkite,  oolite,  wcissite,  praseolite,  gigautolite  and  plnite  are  p&imdo- 
morphous  minerals,  reprr^j^nting  the  di^flferent  Biages  of  alteration,  and  hence  thef  i 
cannot  be  regard^'d  as  individual  mineral  apeciesi.  ] 

With  a  kiiowledge  of  the  snbstances  removed  and  introduced  at  any  stage  of  tneh  | 
alterations,  it  may  be  possible  to  sfriTe  at  some  conclusions  as  to  the  meant  by  which  | 
those  alterations  hare  been  effected,  which  could  not  otherwise  be  nccescible.  It  j 
would  not  perhaps  be  possible  to  effect  the  conversion  of  augite»  olirine,  OP  horn* 
blende  into  serpentine  experimentally ;  bat  when  serpentine  is  found  with  the  fbrmf  * 
of  those  miaeralfit  that  fact  may  bo  taken  aa  evidence  that  such  a  oooTersioa  has 
taken  place. 

If  it  be  ascertained  that  a  crystalline  mineral  may  trndergo  coaTcrvion  into  anothrr 
minenil,  which,  as  a  paeudomorph,  presents  the  crystal-form  of  the  original  mineral*  ' 
it  may  be  safely  inferred  that  the  former  mineral,  in  an  amorphous  condition,  might  ! 
undergo  the  same  alteration.     In  sodi  a  case,  howeTcr,  the  indication  a^brded  by  the  I 
cryfitHlliuc  form  of  the  original  mineral,  as  to  the  origin  of  the  product  of  alteration, 
woidd  be  wanting.      So,  besides  the  positive  evidence  afforded  by  pseudomorphs^  thry 
also  fumiflh  the  probtibility  that  Bimilar  alterations  may  have  taken  place  in  amorphoot 
masses  without  their  being  recognisable.      Thus,  serpentine  may  haye  been,  in  soma 
invtanoeSt  formed  by  tlie  alteration  of  amorphous  rocks  possessing  the  composition  of  ] 
augite,  olivine,  or  hornblende ;  and,  on  the  other  hand,  minerals  which,  like  miea^ 
have  an  ludividiml  crystalline  fomi,  may  in  some  instances,  where  they  occur  with 
(heir  proper  form,  have  been  formed  by  the  alteration  of  amorphous  masses. 

In  Reeking  to  arnve  at  a  knowledge  of  the  means  by  which  these  gradually  progrenive  j 
alterations  of  minerals  and  rocks  are  efi^*ted,  it  is  neceesary  to  take  into  account  a  ] 
variety  of  influences  which,  though  inflnitesimal  in  themselves^  within  ordinary  periods  ] 
of  obserrution,   are  nevertheless  capable  of  producing,  by  long  continuance^  effet'fa 
which  appear  at  first  sight  disproportionate.      Chief  among  these  are  the  actions 
exnrcised  by  water,  and  by  the  snbstances  it  contains  in  solution,  upon  the  minerals 
and  rocks  with  which  it  comes  in  contact*  J 

The  watert  falling  aa  rain,  penetrates  rocks^  and  yields  up  the  oxygen  and  earbonut  1 
acid  it  contains  to  substances  capable  of  combining  with  them.     It  also  extracts  from] 
the  rocks  it  traverses  such  substances  as  are  soluble  in  water  alone,  or  by  the  aid  of  1 
carbonic  acid.     In  soncie  cases  water,  penetrating  to  gresi  depths;  meets  with  snbter-  , 
ranean  sources  of  carbonic  acid,  by  absorbing  which  its  solvent  capability  is  grMtJy« 
increased.     The  chief  constituents  of  all  rock?,  excepting  limestone,  dolomits^  aiiaj 
gypeum,  are  silicates,  containing  alumina,  ma^esio,  the  oxides  of  iron  and  mang;uiee<^ 
and  nlkalis.     The  action  of  water  upon  these  compounds  consista,  not  merely  in  sola* 
tion,  but  also  in  the  decomposition  of  the  silicates  by  the  aid  of  the  carbonic  acid  it 
contains.     The  porosity  of  rockj*,  which  such  a  pcnotratioTi  of  water  presapposea,  ts  a 
very  general  character  even  of  the  niost  compact  rocks.      In  basalt,  for  instance,  smsll 
ochrey  spots  are  often  found  in  the  interior,  consisting  of  hydrated  oxide  of  iron, 
and  in  some  c^ses  ctirbonate  of  calcium  is  minutely  disseminated  thronghoot  the  entire 
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mass  of  a  compact  Ijaaalt.  Both  these  suWances  mnst  be  regarded  «a  resulling  from 
the  d«?oin position  of  the  flilicAtes  of  iron  and  calcium  existing  in  the  bnAalt^  by  car- 
bonic add  and  oxjgen  conveyed  into  it  by  watrr. 

Silicate  of  calcium  is  readily  decomposed  both  by  solutionB  of  eorbonic  acid  and 
alkaline  carbonatoe,  but  silii»te  of  magnesium  is  not  decomposfd  by  either.  This  Teiy 
different  behaviour  of  the  Bilicateii  of  eartha  otherwiBC  ao  analogous,  is  of  considerable 
geological  importftncc,  and  ecrrea  at  one©  to  account  for  the  well-known  facta  of  the 
ready  dlaintegTation  of  rocka  containing  ailicate  of  calcium^  and  the  extreme  durability 
of  moae  containing  eilieato  of  roagnfjstum*  It  alao  explains  why  atcjitito  and  talc^ 
consisting  in  their  piire«t  forma  only  of  silicate  of  magnemum,  are  among  the  moat 
nnaltefiible  minemls,  and  why  they  so  often  appear  as  the  final  products  of  the 
alteration  of  minerals. 

The  deeompoeition  of  aQicate  of  calcium  by  alka.Hne  carbonates,  and  the  frequent 
presence  of  the  latter  in  the  water  percolating  through  rocks,  afford  a  clue  to  the  con- 
version of  weraerite  Into  mien,  a  change  eonsisting  merely  in  the  Bubfltitution  of  potash 
for  lime.  In  like  mannor,  mo^t  of  the  niterdtiona  indicat^'d  by  pseudomorpha  may  be 
traced  to  reactiona  between  constituents  of  the  original  minerals  and  alkaline  4^rbo* 
nates,  acid  carbonate  of  calcium^  or  carbonic  acid,  subotancds  which  are  Tsry  eommooly 
present  in  water. 

Of  the  substances  present  in  water,  some,  such  as  earthy  carbonates,  are  no  doubt 
derived,  by  direct  aoltition,  fh)m  rocks  wath  which  it  comes  in  contiict ;  bwt  there  are 
others,  such  as  the  alkaline  earbonntes,  which  do  not  exist  in  ajiy  rocks.  Such  sub> 
Btancea  can  only  be  supposed  to  onginatc  trom.  the  decomposition  of  minerals  contained 
in  the  rocks;  and  when  water  containing  eartby  or  metallic  carbonates  issues  from 
rocks  coDsistLng  wholly  of  silicates^  it  ia  probable  that  those  cjirbonates  are  also 
derived  from  the  minerals  contained  in  the  rocks,  by  decomposition. 

The  uniformity  in  the  characters  of  the  water  of  mineral  springs  shows  that  such 
procesaea  of  alteration  are  continuous  and  of  considerable  magnitudk  Aa  illustrations 
of  the  effects  of  such  decomposition  of  silicates  in  rfjcks,  the  conversion  of  felt^par  into 
kaolin  and  clay  may  be  mentioned  as  one  of  the  most  important.  The  decomposition  of 
ferruginous  silicates  by  the  action  of  carbonic  acid  and  oxygen  is  also  one  of  the  chief 
causes  of  the  all  eration  and  disintegration  of  rocks.  The  effects  thus  produced  hy 
water  and  the  dub»tancea  contained  in  it  are  not  always  of  a  destmctivo  nature*. 
Water  containing  alkaline  silicate's  or  silicate  of  aluminium  is  capable  of  giving  rise 
to  the  production  of  silicate  of  calcium  by  reacting  with  sulphate  of  calcium  ■  ailicate 
of  magnesium  may  be  formed  by  the  reaction  of  such  water  with  magnesian  salts,  and 
ferrous  siHcates  may  be  formed  by  the  reduction  of  ferric  silicates  by  the  carbonaceous 
8ul>stauces  in  the  sedimentary  rocks.  This  change  appears  indeed  to  be  an  essential 
fcjaturc  of  the  metamorphosis  of  rocks.  The  brown-coloured  argillaceous  deposits  of 
rivers  contain  iron  solely  in  the  state  oi  ferric  oxide  and  ferric  silicate,  while  the  slate 
rock*,  which  have  undoubtedly  originated  from  such  deposits,  contain  chiefly  ferrous 
silicates.  In  this  series  of  changes  it  will  be  seen  that,  as  in  the  phenomena  of 
Tmtatiotl  and  animal  life,  the  atmosphere  is  also  concerned.  The  oxidation  of  forrous 
ana  manganous  compounds  which  is  so  prominent  a  f<^ture  of  the  diaint<»gration  of 
rocka,  is  attended  with  an  abstraction  of  oxygen  from  the  atmosphere ;  while  in  the 
re<luction  of  ferric  and  manganic  compounds,  under  the  iufiuence  of  organic  substances, 
the  oxygen  thus  abstracted,  is  again  restored  to  the  atmosphere,  either  in  the  state 
of  cartM^nic  acid  or  in  its  original  condition,  after  having  passed  through  an  iotermediat** 
phase  of  plant-nutrition :  wnDe  the  carbon,  which  haa  been  the  mejuis  of  this  restoration 
of  the  oxygen  by  the  ferric  oxide  of  iron,  again  assumes  a  condition  in  which  it  may 
erentually  repeat  the  same  function. 

So,  throughout  all  the  various  phenomena  of  mineral  alteration,  it  is  possible  to 
trace  for  almost  every  process  of  decomposition,  a  compensatory  reproductive  proceja 
by  which  the  substances  concerned  in  the  former  change  are  rejn^uced.  The  cnanges 
of  Ihtfl  latter  kind  are,  however,  less  directly  recognisable,  since  the  chief  sent  of  rock 
;tion,  in  its  earlier  stage  of  sedimentary  deposit^  is  to  a  great  extent  inaccessible 
lervation.  In  the  bed  of  the  ocean  the  materials  continually  carried  down  in 
n,  and  mechanically  suspended  in  the  water  of  rivers,  contribute,  partly  under 
the  influence  of  ^'hemieal  action,  to  the  formation  of  new  strata*  Notwithst*nding  the 
laige  quantities  of  carbonate  sud  sulphate  of  calcium  thus  carried  into  the  sea,  there  is 
every  reason  for  the  opinion  that  the  compofiition  of  sea- water  is  as  little  subject  to 
change  as  the  composition  of  the  atmosph*  re ;  for  as  this  is  maintained  constant  by 
the  balant?«d  and  mutually  supporting  functions  of  animal  and  vegetable  life,  so  the 
composition  of  sea^water  is  maintained  constant  by  the  consumption  of  the  carbooato 
ttf  calcium  carried  into  it  by  rivers,  in  the  formation  of  the  shells  of  fish  and  by 
coral  animals,  which  appear  to  be  the  cliief  agents  of  the  production  of  limestone  strata* 
It  ii  in  the  sea  also  thftt  a  great  number  of  changes  arc  effected  in  sedimentaiy  deposits) 
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F^nlMng  in  the  ronvi^rsioa  of  aic-h.  d«posits  as  tbos«  situated  beoeaUi  a&d  in  tht 
neighbourhood  ot  Amsterdam,  itita  masses  of  tLiJt^  and  profanhlj  of  ^«ub  and  itmikr 
rocks.  There,  the  miiteriuL^  fiirnishi'd  hj  the  modbuiical  and  chenueal  disintcgritko 
of  Tockft  Btill  aituntod  abore  water,  are  now  undergoing  thi*  eame  changes  as  thoM 
which  at  aome  etirlier  period  gave  iiM  to  the  produetion  of  th^  fonn«r  locka,  whote 
subaqueoua  formatioa  is  indicated  by  the  fossil  rem&ins  embedded  in  them. 

This  cydicul  character  of  geologiciil  phenomen«  ia  very  gcDerably  recognisable,  not 
only  in  regard  to  the  destruction  and  formiition  of  rocks,  bnt  aW  in  ail  the  prooeaw* 
of  mineral  alteration ;  iind  though  there  are  certiiin  minerals  which  rery  geoenlly 
app<?ar  ii»  final  products  of  alteratioD,  such  aa  mica,  steatite,  talc»  quartJi,  i&c,  it  ia  pro- 
biiblo  tbHt  they  should  b«  regarded  in  thi«  tight  hjat  relatirfly,  and  that^  in  reality, 
they  only  represent  particular  stag^  of  wider  cycles  of  alteration  which  arc  i^tril 
unrecognised.  B.  H.  P. 
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aSRMljr  jLTSOtr  of  WJ^AXTB^   To  enable  a  seed  to  germinate,  tJio  foUovinf 
cooditioQs  are  otHjesaary: — 

1.  FhH  maturtty  of  the  Seed  irf^f(/l-— Only  tb«  rip©  seed  contains  the  neccMary 
quantity  of  those  constituents  on  which  the  uutrition  of  the  young  plant  dep*lJd^ 
before  it  baa  attained  sufficteut  development  to  enable  it  to  derive  iU  nutriment  ht>m 
the  air  and  from  the  soil.  Some  seed^  ooiitain  peculiar  c&ui|>oiind><i,  not  found  in  oth^ 
parts  of  the  plant ;  and^  in  all.  certain  proximate  principles  are  derelo^>ed  in  pc 
abuadaace,  espc^cially  the  asoti^ed  bodies,  albumin,  legumin^  and  glutin,  with  a' 
spoadifig  quantity  of  earthy  phosphates. 

2.  A  certain  tempera iurr. — The  temperstore  required  for  the  germination  of 

kAfla  i«  A«^m    inO  ti^  !liiriO  n     /JillO  ti^     9Lfi,*  V  Y-    HAtnti     1lir*WPV<*r    will     ouvmiriMtA   *t  f^ 


seeds  is  ftora  10<*  to  30°  C.  (5U*'  to  86*  F,) ;  some,  ht^wever,  will  germinate  at  tempe- 
ratures as  low  as  4^  C.  (W^  F.)  The  vitality  or  germinating  power  is  abaohtely 
destroyed  by  exposure  to  too  great  a  degree  of  heat,  but  not  by  ec^d*    S«eds  can  with* 


stand  much  greater  extremes  of  temperature  than  the  other  parts  of  plants,  thf^ir 
vitality  not  being  dertjoyed  by  a  cold  of  -  60**  C.  (-58^  ¥,\  or  by  a  heat  of  62^  C 
(153^  F.)  in  an  atmosphere  of  steam,  or  of  75°C.  (lti7°F.)  in  a  dry  atmosphere^ 

It  is  commonly  stated  that  seeds  will  not  germinate  when  exposed  to  light  This 
doeii  Dot  appear,  however*  to  bo  atrictly  true.  Germination  takes  place  certainly  mom  J 
qni«kiy  in  the  dark ;  but  Suussure  found  that  mustard  Heeds  when  kept  in  moist  I 
atmospberea — ^me  under  a  traubparent,  and  others  tinder  an  opaque  sluMl&~bot]| I 
germinated  with  f^ual  rapidity  ;  hence  h(*  concluded  that  tlie  retanling  actioii  nsusHyl 
ascribed  to  light  is  really  due  to  heat^  which  dcsiccatctj  the  seeds.  f 

3.  The  presence  of  watrr,  which  disBolvefl  certa.in  constituents  of  the  seed,  and  thail 
enables  them  to  act  upon  the  iniMjlable  matters;  whereaa  in  the  absence  of  moi^tore  sill 
t.he  coDBtituents  of  the  see^i  remain  in  the  solid  state,  and  no  chemical  action  can  tsktf 
place.  Too  much  water,  however,  impedes  germination,  by  completely  remoTing  thfli 
soluble  matters.  1 

All  seeds  contain  a  certain  quantity  of  water  w^ithin  their  own  substance ;  but  they  ] 
do  not  lose  their  germinating  power  by  being  dried  in  vacuo  over  sulphuric  acid  — thai;] 
is  to  say,  they  are  still  capable  of  gemiiinatiiig  when  placed  in  contact  with  water«i 
Some  seeds  lose  their  vitality  when  dried  by  heat;  othem  do  not  provided  the  heat  j 
applied  is  only  sufScient  to  expel  the  wat«r.  The  seeds  of  Phajfeolus  tmluaru^  Porti*-] 
laca  oltract'tt^  Campanula  rapunculut,  snd  PapatHT  Mamni/erum^  lose  their  vitality] 
when  driad  in  the  shade  at  35^  C. ;  but  those  of  barley,  maize^  lentils,  hemp,  garden] 
cress,  mustard,  and  Itttuce,  retain  it  tinder  the  same  ctrcnmstances,  Wh^  rye^  1 
Tetehes  and  cabl^e  iMf^s,  retain  it  even  at  70*  C-  When  a  seed  has  once  genni-l 
nated,  and  is  then  dried,  it  remains  dormant,  after  being  moistened,  for  a  lootger  tim^l 
than  those  which  have  not  germinated.  " 

4.  The  presence  of  ojytftiu  Seeds  will  not  germinate  in  a  vaennm,  in  hydrogen,  , 
nitrogen,  carbonic  anhydride,  or  carbonie  oxide,  in  water  deprived  of  air  by  boiling,  off  ] 
covered  with  a  byer  of  oil,  or  when  buried  too  deeply  in  the  soil.  They  often  begin  | 
to  germinate  undw  these  circumstances,  but  quickly  Jecay.  0  ennination  takes  place  1 
v.'ith  peculiar  facility  in  presence  of  water  containing  a  little  chlorine,  probably  bc^oMl 
the  chlorine  decomposes  the  water,  and  sets  oxygen  free,  lo  the  absence  of  light|  or  I 
at  low  temperatures,  when  this  doeomposition  does  not  take  pUce,  the  pr«e«nce  ofl 
cUorine  i»  nithflr  hnrtM  than  otherwise,  Strong  chlorine-water  completely  destroy* T 
the  vitality  of  seeds,  ] 

Gladstone  found  ibat  the  germination  of  onions  was  accelerated  by  the  additioa  1 
of  8  per  <anL  of  marsh  gas  to  the  air  (JahresK  d.  Chem-  iii.  662).  According  ta  1 
Violotte  (Compt,  rend,  xxxviiL  905),  ipood-charconl  is  peculiarl/  favoiuiible  t»\ 
germination.     Potato-germs  immersed  in  chaifCOal  powder  in  a  close  Tf«scl«  and  kffi] 
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in  a  dark  place  through  the  vinter,  germinated  freely ;  while  similar  germs  immersed 
in  peat-ash,  wood-ash,  powdered  gypsum,  slaked  lime  or  dry  sand,  were  found  in  a 
state  of  putrefaction.  According  to  A.  Vogel,  jun.  (Ann.  Ch.  Pharm.  Ixxviii  196), 
germination  is  completely  arrested  by  arsenic  and  its  compounds,  by  oxide  and  caV- 
1>onate  of  copper,  by  mercurous  chromate,  and  by  Prussian  blue ;  and  retarded  by 
fluor  spar,  mercuric  oxide,  antimonium  crudum^  stannic  oxide,  carbonate  of  magne- 
sium, ammonio-magnesian  phosphate,  and  smalt;  whereas  several  other  substances 
which  exert  a  poisonous  or  a  deleterious  action  on  the  animal  organism — yiz.  mercury 
(metallic,  or  in  the  form  of  tin-amalgam),  cinnabar,  calomel,  litharge,  phosphate  of 
lead,  chromate  of  lead,  vitrum  antimonit,  and  carbonate  of  barium — do  not  interfere 
with  the  germination  of  seeds.  The  experiments  were  made  with  cress-seed.  The 
statement  that  arsenic-compounds  completely  arrest  germination  is  at  variance  with 
the  well-known  practice  of  steeping  wheat-grain  in  a  solution  of  arsenious  acid  for  the 
purpose  of  destroying  fimgu  ^ 

The  germination  of  seeds  is  accompanied  by  the  following  phenomena : — 

1.  The  seed  absorbs  water,  swells  up  and  softens.  The  harder  the  seed -coatings, 
the  more  slowly  does  the  absorption  of  water,  and  consequently  the  germination,  take 
place.  According  to  Stein  (J.  pr.  Chem.  IxiiL  42),  different  seeds  absorb  in  24  to 
48  hours  (by  which  time  the  maximum  of  water  appears  to  be  taken  up)  from  22  to 
116  times  their  weight  of  water. 

2.  The  seed  pushes  forth  its  germ  to  a  slisht  extent,  and  giyea  off  a  little  carbonic 
anhydride ;  these  changes  taking  place  whether  oxygen  is  present  or  not 

3.  It  abscHrbs  a  certain  quantity  of  oxygen.  According  to  Saussure,  bean  and 
lettuce  seeds  absorb  1  per  cent.,  barley  and  purselain  from  0*1  to  0*2  per  cent  of  their 
weight  of  oxygen. 

4.  It  gives  off  carbonic  anhydride,  the  volume  of  which,  according  to  Scheele  and 
Saussure^  is  equal  to  that  of  the  oxygen  absorbed.  According  to  Boussingault,  on  the 
other  hand,  the  volume  of  carbonic  ajohydride  evolved  is  sometimes  less  than  that  of  the 
oxygen  absorbed,  part  of  the  carbon  being  oxidised,  only  to  carbonic  oxide. 

5.  The  oxidation-process  just  mentioned  gives  rise  to  a  development  of  heat,  some- 
times, as  in  the  malting  of  barley,  sufficient  to  induce  spontaneous  combustion. 

6.  The  chemical  changes  which  take  place  in  the  seed  during  germination  are 
attended  with  loss  of  weight  100  pts.  by  weight  of  barley,  which  nad  lost  12  pta.  by 
drying,  yieldiKi  80  pts.  of  dry  malt.  Of  the  8  pts.  thus  lost,  four  were  removed  in  the 
softening  of  the  seed  by  water,  the  remaining  four  in  the  actual  germination.  (Thom- 
son, Thoms.  Ann.  x.  388;  Hermbstiidt,  Schw.  J.  33,  249.) 

7.  The  insoluble  non-azotised  matters  in  the  seed — ^viz.  the  starch  and  fat — are 
converted  into  soluble  compounds,  and  are  thereby  enabled  to  pass  from  the  parts  of 
the  seed  in  which  they  were  developed  into  the  various  cells  and  organs  of  the  growing 
plant.  In  this  process,  the  azotised  matters  of  the  seed  appear  to  play  the  same  part 
that  bodies  of  similar  constitution  discharge  in  alcoholic  fermentation  :  that  is  to  say, 
they  absorb  oxygen,  and,  being  thus  thrown  into  a  disturbed  state,  they  communicate 
the  disturbance  to  the  non-azotised  bodies  with  which  they  are  in  contact ;  the  result 
of  which  is  that  the  starch  of  the  seed  is  converted  into  sugar  and  gum,  and  the  fats 
appear  to  bo  resolved  into  fatty  acids  and  glycerin.  The  heat  evolved  in  germination 
is,  perhaps,  due  in  great  part  to  the  fixation  of  water  by  which  these  transformations 
are  accompanied.  (Kochleder,  GmclitC 8 Handbttch^  viii.  [1)  147 ;  Pelouze  et  Frimy, 
Traiti,  vi.  313.) 

W.  Knop  (R^p.  Chim.  app.  1862,  p.  249)  has  olwerved  that  the  presence  of  free 
alkali  is  unfavourable  to  the  germination  and  healthy  development  of  plants.  It  is 
well  known  that  when  healthy  seeds  are  sown  in  pure  quartc-sand  or  pounded  gliss, 

and  watered  with  I '       '     '     ^i-       ^  .-  j  _•  ^ 

first,  often  turn ; 
times  attributed 

of  chlorophyll ;  it  may,  indeed,  sometimes  be  remedied  by  waterinff  the  plants  with 
weak  iron  solutions.  6at  from  Knop's  experiments  it  appears  that  the  chief  cause  of 
the  etiolation  is  the  development  of  alk«Ui  in  the  act  of  germination.  Plants  growing 
in  solutions  of  nitre  decompose  the  nitric  acid,  and  set  the  alkali  free.  The  juices 
expressed  from  the  roots  and  green  leaves  of  healthy  plants  are  always  slightly  acid. 
Enop  finds  that  plants  growing  under  the  circumstances  above-mentioned  may  be 
rendered  green  and  healthy  by  addition  of  a  small  quantity  of  free  acid  to  the  solu- 
tions with  which  they  are  watered,  and  attributes  the  beneficial  effect  of  iron-salts 
rather  to  the  acid  which  they  contain  than  to  the  iron.  The  well-known  fact  that  seeds 
germinate  for  the  most  part  better  in  spring  than  in  the  middle  of  summer,  is  attri- 
buted by  Enop  to  the  more  rapid  production  of  ammonia  in  summer,  by  the  decom- 
position of  albuminous  matters  m  the  soil ;  this  ammonia  being  absorbed  by  tlie  root^ 
the  sap  becomes  alkaline,  and  the  leaves  torn  yellow  and  fade. 
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CiaRSnOSJPPXTB.     Syn,  with  Nickel-Gulnob* 

aSrai^ZTS.     Syn.  with  Opjll. 

ezsaBXTB.     A1*H'D'  «  A1*0'.3HK).— N    *       ^    '  ydmte  of  Alaminiain, 
fi^BQ  FelMLanyite^  and  in  the  ciyt^tulli^  form,  i  z^.     It  is  found  at  GruDodi' 

d«gh  in  Asia' Minor,  at  Kichmund  in  Massachiucv...,  ..^  .  .iher  IfX^Uties  in  the  VvAUd 
Slatrs,  usually  in  etuluctitie  mosaeSf  with  smooth  surtaft^,  and  iadifitioctlr  ilbroDi 
Btrtieture,  exhibiting  a  faint  lustre  on  the  i»uifiic«^  SpeciHe  graTitj  2*3  to  2*4.  HatdneM 
3  to  Z-76.  Tho  ciyBtaUised  variety  (hjdrarg}'lllte),  ia  found  near  Slatoust  id  thf 
Ural,  in  anmll  hexagonal  prisma,  with  replaced  lateral  cdge%  and  Tery  distinct  bud 
cleaTage ;  apeciflc  gravity  2*287  ;  pearly  lustre  on  the  base.  Both  Tarieties  are  I 
lueentt  toughf  exhale  a  strong  aI^lilact^oufl  odour  when  breathed  upon,  gi»^  off  i 
when  hcatedf  and  exhibit  before  tho  blowpipe  the  tiBual  characters  of  iilim]i2uia&- 
compounde.  They  yield  by  analysis  635  to  656  per  cent  alumina,  and  3»-8  to  W*7 
water  (calculation^  6o'6  A1*0',  and  34'4  H'^0). 

Ilertoann  found  in  the  gibbette  of  Maasachusetts  a  large  but  Tarlabl«  qnaatity| 
phosphoric  aeid,  whereas  i^Lher  analysta  have  found  little  or  none ;    the    diacrtp 
ariaes,  most  pnobabh%  from  the  occaaional  admixture  of  phosphate  of  uluminii 
the  hydrate.     On  this  account,  'B.^mm el^h erg  {MintralcAemit,  p,  145)  applks  I 
name  ht/drar^i/Uife  to  the  hydrate  of  aluminitmi,  and  gibimte  to  the  pho«pha 

GZKSSCXZTS.     A  paeudomorph  of  Nefhelixi^  (^^tv) 

CmiUrroXiXTS.  A  hydrous  dieliroite  (p.  320)  found  in  a  ^oii»90]d  grsailaii 
Tammela»  in  Finland.  CrystallinB  form  the  i*ame  as  that  of  dichroit*%  with  hiiil 
cleavage  usually  perfect^  and  aometimps  micaceous.  Hardoei£»a  =  3*5,  tut  on  tie 
cleavage-surface,  2.  Specific  gravity  28G2 — ^2*878.  Colour  greenish  to  <Ltrk  stwi*^ 
grey.  Lustre  vitreous  and  waxy,  approaching  to  submetallie*  Melts  bcfotv  1 
pipe^  with  intumescence^  to  a  greenish  slag.  Contains,  aceording  to  Wacht 
analyflis:  46  27  per  cent  SiO^  2$'I0  A1«0*,  1404  IVO',  270  K»0.  3 "80  M^ 
H-0,  with  0-89  Mn-0,  1  20  Na'O,  and  a  trace  of  fluoriuo.  If  the  grater  part 
iron  be  regarded  as  protoxide  (Fe*0'  2-83,  Fe^O  11-61),  the  composition  of  thoi 
will  be  that  of  dichroite  +  4  at^  water.    (Dana,  ii.  216.) 

OZ^BERTZTB.    A  variety  of  Biaxial  Hicju 

GIXiBZirG*    See  Gold. 

l&ZXiZiZirGXTS.     Syti.  with  KisiKOHRrrB. 

OIR'.    An  ardent  spirit  prepared  from  com,  and  generally  flaYOuned  with  J 
berries.     (See  Urt^  Dictionary  of  ArU^  &c*,  ii  337.) 

onriiSB«     Tliere  are  two  varieties  of  this  root,  the  black  or  grey,  and  the  whil 
Both  are  prepared  from  the  root-«tocks  of  Zingiber  offl^  about  a  yeiir  old  ;  the  farmer  1 
scalding  them  in  hot  water  and  drying  inastovet  the  latter  by  peeling  and  dijingt'  ^ 
in  suniihiue  without  previous  immersion  in  hot  water.    White  ginger  oou  tain  a,  aeooF 
to  Budiok,  volatile  oil,  1'66  per  cent. ;  extract  soluble  in  alcohol,  0"06 ;  extract  insoluUeiT" 
alcohol,  lOfiO;  gum,  1250;  starch,  1975;  mucilage,  8*36;  woody  fibrc%  800;  maflM* 
insoluble  in  potash,  26  00;  water,  1190;  resin,  3-60.     (PelouEe  et  Fr^my,  IVoil^ 
ri.  370), 

cmBBWO^     A  root  found  in  China,  and  gaid  by  tha  Chinese  to  poiMWSaa  eSEtnor- 
dinary  medicinal  virtues,.     It  appearf^,  li<»wever,  to  l>e  identical  with  the  i%iMir  yigii 
qutftdium^  a  plant  which  is  likewise  found  in  North  America,  and  does  not  poaMoiiaiiy 
audi  qaaiitieB.    From  the  loob  of  the  Amaricau  ginsengi  Crarriguea  has  obtam^  a  sfu- 
tval  Bubctanee  called  PAMAQTriLomi  {q,  v.) 

OXOBEBTzns.    Syn.  with  Maonxsitb. 
OnULSOL.     A  variety  of  Opai.. 

.    Syn.  with  Abrasciiil 

See  Sapi^xix. 
a&ilXAJIZH  or  OZiZABZV.     See  Glutbit* 


See  Babroot  (i.  500), 
Gii.ajffe£.    A  name  applied  to   mincnihi  haring  a  metallic  tat 
lustre ,  t\  g.,  gianc^-coal,  iron-gfnnce,  antimony-gtanct,  &c. 
UltAfiB&XTlL     Native  sulphate  of  potassium.     (See  SvLf HATis.) 
Of^MMt^^    (Gm.  iii,  377*) — Glass  is  a  mixtnre  of  silicate  of  potassium 

or  of  both,  with  one  or  more  silictites  insoluble  in  water,  as  silicate  of  )>Ariurn,         _^ 

calcium,  magnesium,  aluminium,  manganese,  iron,  or  lead.    Pure  silicate  of  potamnoi 
or  sodium,  or  a  mixture  of  the  two,  even  with  a  sufficient  qTiuntity  of  silioa  to  fotm  ik 
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very  infusible  glass,  would  still  be  attacked  by  water  and  acids.  Silicate  of  calcium  is 
likewise  acted  on  bj  acids ;  but  a  mixture  of  it  with  silicate  of  potassium  or  sodium 
resists  their  action.  Such  mixtures  of  silicate  of  sodium  or  potassium  with  silicate  of 
calcium,  &c,  are  more  fusible  than  the  simple  salts,  and  require  a  smaller  amount  of 
silica  to  render  them  capable  of  resisting  the  action  of  wat«r  and  of  acids.  They  con- 
tain between  2  and  3  atoms  of  silica  to  1  atom  of  base,  and  still  less  when  alumina  is 
also  present  The  glass  is  less  fusible,  and  offers  greater  resistance  to  the  action  of 
water  and  of  acids,  the  larger  the  proportion  of  silica  and  alumina  it  contains ;  and,  on 
the  contrary,  it  is  more  easily  fused,  and  attacked  by  water  and  acids,  the  more  the 
potash,  soda,  baryta,  lime,  magnesia,  or  oxide  of  lead  predominates ;  an  excess  of  the 
last-mentioned  oxide  renders  it  particularly  fusible,  of  a  high  specific  gravity,  soft, 
easily  scratched,  and  corroded  by  acids.  According  to  Baudrimont  and  Pelouze 
(J.  Chim.  m^d.  ix.  277),  the  lustre  and  refractive  power  of  glass  increase  with  the 
atomic  weight  of  the  bases  contained  in  it ;  thus  these  qualities  are  possessed  in  the 
highest  degree  by  lead-glass,  next  by  baryta,  next  by  potash,  and  least  of  all  by  soda- 
glass. 

The  following  substances  yield  the  ingredients  necessary  for  the  formation  of  glass : 

Silica:  Ground  quartz  or  flint,  or  quartz-sand,  which  is  sometimes  treated  with 
hydrochloric  add  to  free  it  from  adhenns  sesquioxide  of  iron. — Potash :  Pearlash  and 
wood-ashes  (this  likewise  yields  lime  and  sesquioxide  of  iron). — Soda:  Carbonate  of 
sodium ;  sulphate  of  sodium  with  charcoal  (which  decomposes  the  sulphuric  acid) ; 
native  and  artificially  prepared  soda  (which  at  the  same  time  yields  lime) ;  common 
salt,  by  which  the  potash-glass — ^produced  by  using  carbonate  of  potassium — is  decom- 
posed into  soda-glass  and  chloride  of  potassium. — Baryta :  Heavy  spar  mixed  with 
charcoal,  or  carbonate  of  barium ;  rarely  employed.  According  to  Baudnmont  and 
Pelouze,  1  at.  of  heavy  spar  with  3  at.  of  sulphate  of  sodium  and  4  at.  of  charcoal  yields  a 
peculiarly  brilliant,  fiisible,  and  easUy  worked  glass,  resembling  flint-glass. — A  mixture 
of  70  pts.  (1  at.)  of  carbonate  of  potassium,  54  pts.  (1  at)  of  carbonate  of  sodium,  99 
pts.  (1  at.)  of  carbonate  of  barium,  and  224  pts.  (7  at)  of  silica  yields  a  very 
transparent  glass,  which  scratches  window  glass  (Dobereiner,  Pogg.  Ann.  xv.  243). 
— Strontia :  Sulphate  of  strontium  with  charcoal,  or  carbonate  of  strontium.  70  pts. 
(1  at)  of  carbonate  of  potassium,  54  pts.  (1  at)  of  carbonate  of  sodium,  47  pts.  (1  at^) 
of  carbonate  of  strontium,  and  224  pts.  (7  at)  of  silica  yield  a  remarkably  beautiful 
glass,  specifically  heavier,  more  refractive,  and  much  more  fusible  than  crown  glass 
(Dobereiner). — Lime:  Lime  after  beinff  burned  and  slaked,  in  powder;  chalk  marl 
(which  also  yields  alumina),  wood-ashes;  Uie  same  exhausted  with  water;  ball-soda. — 
Oxide  of  lead:  Litharge,  minium,  white  lead,  or  1  at  of  galena  with  3  at  of  sulphate 
of  sodium,  whereby  4  at  of  sulphurous  anhydride  are  evolved. — Alumina :  Quartz-sand 
containing  da^,  marl,  felspar,  basalt,  pumice-stone,  and  other  minerals  containing 
silicate  of  aluminium  and  an  alkali-metal:  they  must  not  however  be  added  in  too  large 
quantity,  because  the  presence  of  too  much  alumina  produces  in  the  glass  a  tendency 
to  crystallise.    The  mass  of  fused  glass  dissolves  alumina  from  the  pots. 

Oxidinng  agents^  as  nitre,  arsenious  acid,  and  peroxide  of  manganese,  are  added  in 
the  preparation  of  white  glass,  partly  to  oxidise  the  carbon  contained  in  the  wood-ashes 
or  ball-soda, — ^which  would  render  the  glass  brown, — ^partly  to  convert  the  protoxide  of 
iron  into  sesquioxide,  inasmuch  as  a  quantity  of  iron  which  in  the  state  of  protoxide 
would  give  the  glass  a  dark  bottle-green  colour,  will,  if  converted  into  sesquioxide, 
impart  to  it  a  light  ydUow  tint  of  much  less  intensity.  If  too  much  sesquioxide  of 
manganese  is  added,  so  that  the  carbon  and  the  protoxide  of  iron  cannot  reduce  it  all 
to  the  state  of  protoxide,  which  dissolves  in  the  glass  without  producing  any  colour, 
a  portion  is  taken  up  in  the  state  of  sesquioxide,  which  stains  the  glass  red;  an  excess 
of  arsenious  add  imparts  to  the  glass  a  white  turbidity. 

Substances  causing  turbidity, — Bone-ash  produces  a  milkiness  in  the  glass,  forming 
what  is  called  Bone-glass;  stannic  oxide  renders  lead-glass  opaque,  and  converts  it 
intoEnameL 

Colouring  agents. — ^Blood-red:  cuprous  oxide.  Carmine-red:  purple  of  Cassius. 
Violet-red :  peroxide  of  manganese.  Blue :  oxide  of  cobalt,  oxide  of  copper.  Green : 
the  same  substances,  together  with  sesquioxide  of  iron ;  sesquioxide  of  chromium. 
Yellow :  oxide  of  antimony,  sesquioxide  of  iron.  Yellow  with  a  menish  cast :  sesqui- 
oxide of  uranium. — ^Aventurin  glass  contains,  according  to  "W 6 hie r  (Pogg.  Ann.  Iviii. 
286),  fine  octohedral  segments  of  metallic  copper.    (See  AvBrnmnc  Glass,  i.  476.) 

Tlie  above  ingredients,  powdered  and  mixed  in  the  proper  proportions,  constitute 
the  Glass-frit  This  is  in  most  cases  first  exposed  in  the  frit-ot^en  to  a  gentle  heat, 
which  expels  water  and  part  of  the  carbonic  acid,  and  diminishes  the  subsequent 
swelling  or  frothing  up  of  the  mass.  It  is  then  put  into  large  crucibles  called  glass- 
pots,  made  of  very  refractory  day,  six  of  which  are  commonly  arranged  on  ledges  in  a 
drcular  or  oblong  furnace,  and  exposed  to  a  continually  increasing  heat  for  twdve  or 
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more  hoxus,  till  the  mam  becomes  &ee  from  bubbles,  gnuns  of  quartz,  and  stmka. 
Chloride  of  potassium,  chloride  of  sodium,  sulphate  of  potassium,  and  sulphate  of  sodioB 
float  on  the  surface  in  the  form  of  a  thin  fluid  stratum,  which  is  skimmed  off:  the  scorn 
is  called  Glass-gall,  or  Sandivir.  The  glass  is  then  formed  into  the  required 
shapes,  and  afterwards  cooled  from  a  red  heat,  as  slowlj  as  possible,  in  the  aniialaf 
furnace. 

BotU^-ghiss. — Specific  gravitj  about  2*732 ;  Tery  infusible  on  account  of  the  sinill 
proportion  of  potash  and  soda,  and  the  large  quantity  of  alumina  'which  it  oontaisL— 
a.  From  Souvigny.  Prepared  from  quartz-sand,  marl,  elutriated  wood-ashes,  sad  a 
portion  of  common  salt  The  phosphoric  acid  present  in  the  glass  arises  firom  tbe 
phosphate  of  calcium  in  the  wood-ashes  (Berthier).  Its  composition  is  n&irir 
3(Ca*0.3SiO*)  +  Al*0*.SiO'. — b.  From  St  Etienne.  In  the  preparation  of  this  gkn 
heavy  spar  is  employed  (Berthier). — c.  From  Epinac  Prepared  bj  simply  fiwaf 
together  two  different  kinds  of  sand,  one  of  which  contains  61*7  per  cent,  of  carbooate 
of  calcium,  36*6  of  carbonate  of  barium,  and  1*2  of  clay,  the  other  (a  mixture  of  quart*- 
sand  and  felspar),  6  per  cent,  of  potash,  2  of  sesquioxide  of  iron,  0*7  of  sesquioxide  of 
manganese,  II  of  alumina,  and  80  of  silica  (Berthier). — d.  From  S^Tres.  This^aa 
is  with  difficulty  reduced  to  a  white  mass,  which  is  neither  crystalline  nor  fibrous  in 
its  texture  (Dumas). — c  Of  unknown  origin ;  easily  converted  into  fibro-czy^^Jliae 
sort  of  Reaumur's  porcelain.     (Dumas.) 

Pcde  green  Glass  used  for  Medical  Bottles  and  Chenucal  Apparatus. — ^Hsid;  bean 
changes  of  temperature  better  than  white  glass,  a,  b,  c,  d,  are  four  French  Tarietiet 
analysed  by  Berthier. 

Bottle  glats.  Glass  for  medical  bottks. 
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^i>i<ioto-(^/^«.— Approximately  =«  Na*0.2SiO*  +  Ca*0.2SiO*.      a  to  /,  French,  ^, 
English,    /and  g  the  hardest  and  most  infusible ;  b  the  next ;  d  the  softest  and  im^t 
easily  fused  of  the  whole.    In  France  a  mixture  is  used  of  100  pts.  of  quartz-sand  with 
I  between  30  and  40  pts.  of  dry  carbonate  of  sodium  (or  as  much  sulphate  with  char* 

coal)  and  30  to  40  piBuia  of  carbonate  of  calcium.     (Dumas.) 
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German  Window-glass  generally  consists  of  a  double  silicate  of  calcium  and  potas- 
sium, e.g.  100  pts.  of  quartz-sand,  60  pts.  of  pearlash,  from.  26  to  30  pts.  of  chalk,  and 
2  pts.  of  nitre.  In  many  mixtures,  however,  common  salt  is  an  ingredient ;  or  it  is 
really  a  Glauber's  salt  glass,  which,  according  to  Gehlen,  is  prepared  with  100  pts.  of 
quartz-sand,  50  pts.  of  dry  Gbiuber's  salt,  17-6  to  20  pts.  of  lime,  and  4  pts.  of  charcoal 

French  Mirror-glass. — Specific  gravity,  2-488 — 2506.  About  «  2(NaK).3SiO*)  + 
Ca'0.3SiO*.  The  variety  a  examined  by  Berthier,  b  by  Tassaert^  c  and  d  by  I)uma& 
All  the  varieties  have  a  bluish  tinge  arising  from  the  soda  (d  the  least)^  from  which 
the  glass  containing  potash  is  free. 

Venetian  Mirror-glass.-^Ahout  «  KK).3SiO«  +  2(Na*0.3SiO«)  +  3(Ca«0.2SiO*) ; 
<?,  obtained  from  an  old  mirror  of  a  somewhat  yellow  colour.    (Berthier.) 

Bohemian  Glass.— SpeciAc  gravity,  2396 ;  containing  about  2(K«0.8SiO«)  +  3(Ca^ 
3SiO*) ;  /obtained  from  a  goblet  from  Neufeld  in  Bohemia,  transparent  and  colourless 
(Berthier) ,-  g  from  Neufeld  (Gros) ;  h  from  an  old  cup  of  Bohemian  glass,  perfectlr 
transparent  (Dumas) ;  t,  ordinary  Bohemian  glass.     (Peligot ) 

k.  English  Crown-glass^  of  specific  gravity  2-487,  has  a  composition  similar  to  that 
of  Bohemian  glass. 
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Crystal  glass, — Specific  graTitj,  2-9  to  3-266,  from  trisilicate  to  t«trasilicate  of  load 
and  potassium.  Pore  silicate  of  lead  is  yellow ;  but  when  it  is  combined  with  a  suffi- 
cient quantity  of  silicate  of  potassium,  the  mixture  is  colourless.  This  glass  is  obtained 
from  100  pts.  of  pure  ouartz-sand,  60  to  70  pt«.  of  minium  or  litharge,  and  30  to  40 
pts.  of  purified  pearlash ;  sometimes  an  addition  is  made  of  4  pts.  of  borax,  3  pts.  of 
nitre,  0-16  pts.  of  arsenious  acid,  and  0*2  pts.  of  peroxide  of  manganese. 

fl.  London  Crystal  glass, — Transparent  and  colourless ;  used  m  the  construction  of 
philosophical  instruments ;  containing  about  2(KK).4SiO*)  +  3(Pb'0.4SiO*)  examined 
uy  Berthier. 

h.  From  Vonfiche  in  Belgium ;  KK).4SiO«  +  2(Pb0.4SiO«),  nearly.    (Berthier.) 

c.  From  Newcastle ;  2(I&0.3SiO«)  +  3(PbK).3SiO«),  nearly.    (Berthier.) 

d.  Origin  unknown;  2(K«0.3SiO«)  +  Ca«0.3SiO*  +  3(Pb*0.3SiO*),  nearly,  analysed 
by  Dumas. 

c.  English;  KK).3SiO«  +  Pb*0.3SiO»,  nearly;  analysed  by  Faraday. 

Flint-glass, — Acid  silicate  of  lead  and  potassium,  prepared  from  the  purest  materials 
possible:  for  example,  100  pts.  of  quartz,  60  pts.  of  pearlash,  100  pts.  of  minium, 
3  pts.  of  borax,  0*16  pt  of  arsenious  acid,  and  0-2  pt.  of  peroxide  of  manganese. 
Guinand's  flint  glass  nas  a  specific  gravity  of  3*3  to  3-6 ;  Frauenhofer's,  a  specific 
gravity  of  3*77.  a,  Flint  gkss  examined  by  Faraday.  6.  Guinand*s  flint  glass, 
analysed  by  Dumas,  -2(KK).2SiO«)  +  3(Pb«0.2SiO«).  Dobereiner  (Schw.  J.  liv. 
421)  recommends  the  proportions  of  1  at  of  potash  to  2  at  of  oxide  of  lead  and 
7  at  of  silica.  Faraday's  flint  glass  (Pogg.  Ann.  xviii.  616),  specific  gravity  » 
5-44,  has  a  very  differept  composition,  being  a  compound  of  oxide  of  lead  with  silicic 
and  boracic  acids. 
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The  Ments  Flux^  or  Pierre  d-e  Strass,  used  in  the  formation  of  artificial  gems  consists 
of  flint  glass  with  a  smaller  proportion  of  silicate  of  potassium,  prepared  likewise  with 
the  purest  ingredients:  e.g,  100  parts  of  quartz  or  rock-crystal,  32  to  62  parts  of 
hydrate  of  potassium  purified  by  alcohol.  164  to  167  parts  of  minium,  or  171  parts  of 
pure  white  lead,  6  to  9  parts  of  borax,  >  to  ^  part  of  arsenious  acid.  Dumas  analysed 
the  Slrass  manufactured  by  Donault-Weiland,  the  composition  of  which  is  nearly  m 
K«0.2SiO«  +  8(Pb'0.2SiO«). 

The  fiint  glass  b  contains  also  a  trace  of  arsenious  acid,  and  the  Sirass  a  trace  of 
borax  in  addition. 

Aventurin  glass. — ^A  brownish-coloured  glass,  interspersed  with  small  spangles, 
which  give  it  a  peculiar  shining  appearance.    (See  vol.  i.  p.  476.) 

Buby  glass,  containing  Gold, — Splittgerber  (Pogg.  Ann.  Ixi.  144)  gives  the  fol- 
lowing proportions,  as  affording  an  excellent  glass  of  tlus  kind:  3  lbs.  4^  oz.  of 
fine  white  sand,  1  lb.  14  oz.  of  nitre,  1  lb.  13  oz.  of  pure  white  soda,  4  oz.  of 
carbonate  of  calcium,  2^  oz.  of  arsenious  acid,  4J  oz.  of  minium,  4  oz.  of 
antimony-glass  (i.  322),  and  the  solution  of  a  Dutch  ducat,  weighing  3*41  grammes,  in 
aqua  regia.  The  gold-solution  is  first  poured  into  the  sand ;  the  remaining  ingredients 
are  then  added,  and  the  whole  is  put  into  a  glass-pot  and  exposed  for  more  than 
three  hours  to  a  white  heat  This  method  differs  from  former  ones,  in  not  having  any 
pu^c  of  CaauiiB  or  oxide  of  tin  added,  those  matcriuhi  having  hitherto  been  always 
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coDBideiTNl  iKM^essary,    The  glass  thui  obt-'""^  '^  yv^u-.  ,♦!,.  -^niotu-i^gs^  \yiii  tm  bdiif 
lieated  tr»  a  temperature  of  600**  C.  (934*^  I  o  ruby  colour*     The 

colour,  when  once  prculuced,  c&nnot  be  agnits  ^         _        ,       an*  to  heat,  creu  in  an 

fttmosphcre  of  oxygen  or  hydrogen,  or  ib  a  c^loeie  cracibk  Kurrotinded  with  si^nd,  pow* 
dered  charcoal^  or  oxide?  of  zinc,  or  by  throwing  the  gUas  into  a  flux  of  nitro  or  chlorala 
of  potii«num ;  before  the  oiyhydrogen  blow-pipe,  hower^r,  it  loses  ita  colour,  but  rr- 
gauLB  its  ori^nal  tint  on  eooliog  and  Bnbswjnent  exposure  to  heat,  uplift gcrbef 
aoeounta  for  the  peculiarities  of  this  glit»  by  asauming  tb&t  the  gold  in  the  ctilourleaa 
TaHety  ia  in  the  form  of  trioxide ;  and  that,  when  heatedl  a  aeoond  timr,  it  ia  Ci^nv^ttvd 
into  the  ruby-red  oxide  described  by  BeneHna,  in  conseqnenoe  of  a  jM^rtion  of  ir»  oxy- 
gon eombinlng  with  one  or  more  of  the  other  eubstances  present—probably  with  the 
antimonious  oxide.  The  slight  in<;reaso  in  bulk  consequent  on  the  Becond  heatiiig 
appears  to  be  in  fnvour  of  this  view.  Splittgerber  likewise  snisceeded  in  obtaining  a 
coloured  glass  with  purple  of  CassiuSf  but  of  a  riolet  rather  than  a  ruby  tinL  Rose 
(Pogg.  Ann.  Incii,  55^)  gives  the  following  proportions  for  mbgr-colonred  glass:  46lhs. 
of  mae  quarts,  12  Iba  of  borax^  1^  Iba.  of  nitre,  1  lb.  of  nunium,  1  lb.  of  white  ax»- 
nions  actd,  and  a  solution  of  8  ducuts  in  aqtm  rogia.  The  whole  is  then  mixed  and 
fused  as  before.  The  resulting  glass  is  oolourlesa^  but  when  agaia  heated  to  rvdnea 
ticq aires  a  niby  colour ;  Rose  has  likewise  observed  that  the  i^ad  colour  is  produced, 
whether  the  glass  is  heated  in  atntospheric  air,  oxygen,  or  carbonic  acid  gas.  If  ^^ 
posed  to  a^heat  at  which  it  softens^  it  becomes  opaque  and  liTcr-^colonred.  When  it  is 
fhsed  before  the  o^hydrogeu  blowpipe,  colourless  drops  are  obtained,  whidi  Rose 
could  not  agiUD  obtain  of  a  red  colour  by  heating.  Rose  is  of  opinion  that  the  colour- 
less glass  contairts  silicate  of  gold,  aud  that  this  compound,  when  heated,  is  decom- 
posed, vpith  separation  of  oxide  of  gold,  which  imparts  the  red  colotir  to  the  glav; 
moreover,  that  the  liver-coloured  glasa  probably  containa  metallic  gold. 

a.  Aventurin  from  Yeoioa,  aDaJyaed  by  Gahn*  L  Analysed  by  Peligot.  r.  By 
Kersten.  d.  Bnby-glaae^  analysed  by  Splittgerber,  the  gold  found  by  experimenf 
amounting  to  less  than  oue-half  the  quantity  per  cent  sddM.  g,  Venetian  ruby- 
glass,  in  the  form  of  flattened  round  masses,  distingnishtid  from  the  ordinaty  vari<>tj'ei 
by  being  very  fusible,  and  not  losing  its  red  colour  when  melted ;  analysed  by  Bghwai 
(X  pr,  Chem,  xxxriii,  335,) 
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Enamel  is,  for  the  most  part,  a  double  silicate  of  lead  and  potassium,  n^- ' 
by  stannic  oxide.  In  one  specimen  of  enamel,  Dumas  found  8*3  per 
60*3  of  oxide  of  lead,  9S  of  stannic  oxide^  and  31  "6  of  silica.  Antin, 
nious  add  ptrodncaa  a  similar  dTect  to  the  atannic  oxide.  By  adding  colouring  agents, 
principaUy  metallic  oxides,  to  white  enamel,  the  coloured  rarietiea  are  obtained 
(p.  487). 

For  further  details  on  the  composition  and  manufsicture  of  glass,  see  Uf^s  IHctumarf 
of  AriSf  Mani^factttre4  and  Mints^  ii*  339  ;  Fayen^  Frtcis  dt  Ckimu  IndiutridU^  4me 
Mition,  i.  489;  Rcgnatilt.  Courstfs  Ckimie,  h.  332  ;  Pel  out e  et  Fr^mT.  Traid  dt 
Chimie  GhUrale^  3 mo  Edition,  ii.  On  porcelain  colotirs  for  enarodf  Wacnter  (Amu 
Ck  Phann,  Ixix,  99), 

IkcafHp<m'tiim  of  Glast.^l,   Water  extracta  potash  or  aoda  from  glass,  togeUi«ri 
with  a  portion  of  silica,  the  decompositioti  taking  place  with  greater  ease  in  proportioa 
as  the  glass  is  richer  in  th<«se  alkaHa,  aud  more  minutely  divided,  aud  the  tcmpctatiitv 
of  the  water  higher.     The  powder  ftl«»d  ofT  from  a  tube  of  white  glaas  reddena  nuna- 
tened  turmenC'[>apiT  (Bischof,  Kuiita  Arch.  1443).     Finely  povdapcd  |tUt«-^lttM 
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acts  in  a  similar  manner  (Faraday,  Fogg.  Ann.  xviii.  £69\  Water  triturated  with 
powdered  glass  in  an  agate  mortar  becomes  alkaline,  and  on  the  addition  of  sal- 
animoniao  deposits  flakes  of  silica  (Fuchs,  Kastn.  Arch.  v.  306).  Water  becomes 
alkaline  after  long  digestion  with  glaiss  at  the  boiling  heat,  and  likewise  turbid,  from 
separation  of  an  insoluble  silicate  of  calcium  (Dumas).  An  alkaline  reaction  is 
exhibited  by  the  powder  of  bottle-glass,  and  of  Reaumur's  porcelain,  formed  from  it ; 
also  of  plate-glass,  crown-glass,  flint-glass,  and  white  enameL  After  sufficient  washing 
it  no  longer  reddens  turmeric-paper,  unless  it  be  recrushed  in  a  mortar.  One  hundred 
parts  of  finely  divided  flint-glass  boiled  for  a  week  with  water,  lose  7  pts.  of  potash, 
which  may  be  obtained  in  the  solid  state  by  evaporation  (Griffiths,  Quart.  J.  of  Sc 
XX.  258).  The  moisture  in  the  atmosphere  produces  a  similar  alteration,  separating 
the  potash  and  soda,  and  leaving  the  greater  part  of  the  silica  with  the  lime  on  the 
surface  of  the  ghiss ;  glass  thus  decomposed  often  exhibits  prismatic  colours  on  its 
surface.  Sometimes  this  superficial  decomposition  is  scarcely  visible  ;  but,  on  warming 
the  glass,  numerous  fine  scales  peel  o£^  and  leave  the  surface  dull,  opaque,  and  wrinklecL 
This  fault  shows  itself  in  glass,  to  which,  for  the  sake  of  economising  fuel,  too  small 
a  quantity  of  silica  has  been  added.  The  pearly  stratum  with  which  specimens  of 
antique  glass  found  buried  in  the  earth  are  covered  consists  almost  wholly  of 
silica  (Griffiths).  Glass  which  has  lain  in  pits  at  least  ten  feet  deep  in  the  ground, 
is  soft  when  dug  up,  and  may  be  bent  and  indented,  and  even  cut  in  two  with  a  knife ; 
but  after  exposure  to  the  air  for  a  few  hours,  it  a^in  hardens,  and  if  it  has  been 

ftreviously  bent  or  twisted,  it  becomes  extremely  bnttle,  like  unannealed  glass.    (Col- 
ado  n,  J.  Chim.  m6d.  xvi.  679.) 

2.  All  kinds  of  glass  are  corroded  by  hydrofluoric  acid^  with  formation,  partly  of 
fluoride  of  silicium,  and  partly  of  the  double  fluorides  of  silicium  and  potassium, 
sodium,  calcium,  &c.  A  hot  concentrated  solution  of  phosphoric  acid  also  decomposes 
every  variety.  Glass  which  is  poor  in  silica  is  attacked  by  boiling  oil  of  vitriol ;  and 
glass  of  yet  inferior  quality — that,  namely,  which  becomes  dull  on  exposure  to  heat 
(Dumas) — is  acted  on  by  boiling  hydrochloric  and  nitric  adds^  And  aquorfaia,  a  dull 
spot  remaining  after  evaporation  of  the  acid  (Berzelius).  The  acids  dissolve  out 
potash,  soda,  &me,  and  other  bases,  and  separate  the  silica.  On  powdered  glass  they 
act  with  far  greater  energy.  From  pulverised  flintrglass  boiling  hydrochloric  acid 
extracts  potash  only,  not  the  oxide  of  lead  (Griffiths).  Many  lunds  of  bottle-glass 
which  resist  the  action  of  acetic  acid  are  decomposed  by  the  stronger  mineral  acids ; 
thus  a  bottle  filled  with  sulphuric  acid  will  sometimes,  at  ordinary  temperatures,  gradu- 
ally become  covered  with  warty  depressions,  which  at  last  penetrate  through  the 
substance  of  the  glass  (Dumas).  In  distilling  hydrochloric  acid  from  a  ^eeen  glass 
retort,  Hess  (Fogg.  Ann.  xx.  540)  obtained  a  crystalline  sublimate  [?1  of  silica,  while 
chloride  of  potassium,  ses^uioxide  of  iron,  and  silica  were  dissolved.  Many  anhydrous 
salta  of  ammonia  containmg  the  stronger  acids,  also  attack  glass — especially  lead- 
glass — when  heated  in  contact  with  it ;  such  is  the  case  with  a  mixture  of  hydrochlorate 
and  nitrate  of  ammonium  (Silliman),  or  the  neutral  or  acid  sulphate  of  ammonium. 
(Marchand,  Fogg.  Ann.  xlii.  666.) 

3.  Solutions  of  potash  and  soda  dissolve  out  the  silica  of  glass  with  greater  ease  in 
proportion  to  their  temperature  and  degree  of  concentration.  Even  at  ordinary  tempe-. 
ratures,  the  alkaline  liquid  partially  dissolves  the  glass  bottle  in  which  it  is  preserved, 
frequently  causing  it  to  crack.  Even  ammonia  attacks  many  kinds  of  glass ;  a  bottle 
made  of  flint-glass,  and  containing  a  solution  of  carbonate  of  ammonia,  became  so 
fragile  that,  on  shaking  it,  pieces  of  glass  wore  detached.    ( Gr  i  f f  i  t  h  s. ) 

4.  Glass  containing  lead  blackens  when  heated  in  the  flame  of  a  lamp  or  in  hydrogen 
gas,  fipom  reduction  of  the  lead— and  when  heated  in  sulphuretted  hydrogen,  from 
formation  of  sulphide  of  lead.  On  this  account  Guinand's  flint-glass  (p.  841)  becomes 
tarnished  in  dwelling-houses  (Faraday).  A  bottle  made  of  l^rench  glass,  in  which 
sulph^drate  of  ammonium  had  been  kept,  acquired  a  metallic  lustre,  £rom  formation  of 
sulphide  of  lead.    (Bischof,  Br.  Arch.  xviL  242.) 

Crystallised  or  Devitrified  Glass. — a.  Many  kinds  of  plass,  when  slowly  cooled  in 
the  pots,  separate  into  two  portions,  the  one  crj'stallising  m  opaque  prisms  and  needles, 
the  other  retaining  ita  vitreous  character.  According  to  the  following  analysis  bv 
Dumas,  it  appears  that  the  portion  which  crystallises  gives  up  soda  to  that  which 
remains  in  the  vitreous  state. 

CrjstallUcd  portion.    Vitreous  portion. 

Na'O 14-9     ,         .     19-8 

Ca«0      ..;....     120     .         .     120 

A1*0» 4-9     ..       3-6 

SiO« .     68-2     .        .     64-7 

1000  100-0 
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k  Ufitumur**  P&rcdain* — Manj  kind*  of  gUus,  after  exposure  for  serrrai 
bent  at  whit'h  they  becmne  iofl— for  ciAinpl©,  inapottor'a  funiAoe — pom  * 
lion  resembling  f»ore«lMn.     Bottje  glan  iathe  mo«t  disposed  to  undergo 
dbabtless  from  the  greater  qmuitit  v  of  nlominA  wlitch  it  eontainfl  ;  next  in  order 
tnoi^  common  sort  uf  ^f^an  window  glaaa ;  white  ^ass  ricb  in  lime  in  idao  tt» 
this  chang«s  but  not  pore  idlicnte  of  potasBium  or  sodium,  or  lend-g^sM.    (L( 
Dftrtigues.) 

The  deTitrificatton  takes  place  just  as  weU  if  thu  glaaa  ressels  are  Boxxoiyided  i 
Mud  without  with  an  infuaible  powder  or  cement,  to  prevent  them  ^m  kda^ 
■hiipe — r,^.eand,  a  miatture  of  sand  and  gypeum,  bone^ash,  clay,  powdered  bdebk 
seaqmoxiae  of  iron,  cbtuvoal,  or  soot, —  us  when  ihf*y  are  heat«?a  by  themsHltcs;  W 
in  Uie  former  caae,  a  longer  time  i«  rf^uired  (Lewis,  Bartigues,  Morreaa 
occurs  al»o  in  a  gimiliir  mann^  withglaas  enveloped  in  a  IftTa^streiim  (MorTe 
This  change  may  either  be  regarded,  aeooiding  to  Dortiguea*  snppositioo*  as 
simply  from  the  amorphons  glass  passing  without  chaDge  of  compositiiiii  iiit»l 
crystalline  state— the  long  coatinaed  state  of  softness  aflbrding  the  atoima  ma  oppoXa- 
nity  of  iinirtng  together  in  crystaUine  molecules;  or  we  nuiy  8appo«ie  with  LewU  Ma^ 
Teau,  and  Bnmas^  that  the  glass,  in  xmdei^og  this  duui^  loaes  a  portion  of  ht 
alkali,  which,  when  the  glass  is  ignited  by  itself,  passes  olf  in  Tapomr,  and  whm  it  ■ 
surrounded  by  a  powder  during  ignition,  is  absorbed  by  the  powaer.  Dnioas  is  lifc^ 
wise  of  opinion  that  the  protoxides  of  manganese  and  iron  present  in  tJie  glasi  sit 
peroxidised  at  the  same  time.  According  to  Lewis^  the  sand  aurrounding  the  g^iA  m 
cement  becomes  caked  together  by  absorbing  alkali    Dumas  found   in  a  devibtfsi 

rcimen  of  bottle  glass  only  2  per  cent  of  poteah,  together  writh  27*4  per  obL 
lime,  O'G  of  the  poroxidt'^  of  manganese  and  iron,  12'()  of  alumina^  ana  £2-0  «l 
silica.  [The  behaviour  of  Keaumur*s  porcelain  in  fusing  is  also  in  fkrour  of  tikii 
theory;  wW.  *eg,] 

Id  this  change,  thi*  following  facts  are  to  be  distinguished  :  —  1,  The  bIjus  fiftt  be- 
comes cloudy,  and  appears  blue  by  reflected  and  yellow  by  tmnamitted  ii^ht  (Lewi^ 
Four  net),  still,  however,  <'xhibiLiug  a  vitreons  fractura  The  blue  colour  is  also  s«» 
at  the  fractured  edgeii,  and  consequenlly  cannot  proceed  from  oxidation  (FournetV 
The  opacity  doubtle**  nriae^  from  the  separutioo  of  fine  particlea,  whose  compostin 
differs  from  that  of  the  rest  of  the  ma^.  Many  iron  slags  behave  in  a  similar  utanwf 
(espociaOy  the  double  silicate  of  aluminium  and  t-alciuro).  Many'alaga  whidiappMr 
green  when  cooled  rapidly,  become  blue  within  and  yellow  by  transmitted  i^t  Art 
slowly  cooled,  evrn  if  they  are  gn^n  on  the  outride,  but  the  powdegr  again  asmuDHi 
green  colour^  Tliit<  fact  would  appear  to  explain  the  action  of  the  test  whieh  is  is^ 
ployed  to  dii^tingitiiih  a  great  many  earths  and  heavy  metallic  oxides  by  the  t^owpsfv ; 
vix  that  the  bead  obtained  by  fcmiug  them  with  borax  or  microoosmic  salt,  remaiBt 
dear  when  rapidly  cooled,  but  becomes  turbid  and  opaque  by  expoenre  to  imUfrmfkd 
hla»t$i  or  fiaminff,  wherc^by  it  is  kept  for  a  long  t^me  in  a  to^.  state^  and  ajtmm 
eompoonds  are  produced  and  separated.  (Four net,  Ann.  Ch.  Phys.  >y^-g  S7^:^m 
J.  pr.  Chim.  xxvL  331,) 

2.  After  this  stage,  white,  opaque  needles  are  formed,  proceeding  fma  the  innsr  nl 
outer  surfacea  of  the  glass^  and  finally  meeting  in  the  centre.  The  place  of  contact  is 
ofYen  miirked  by  a  brtjmi  lin^^  The  mass  tlius  far  changed  is  Hraumurs  jiManWai'a 
When  burnt  between  pipo-day,  it  lias  a  smooth  surface,  but  if  burnt  between  lisis  or 
bone-ash,  it  acquires  a  rough,  wrinkled,  or  bhstered  suHsce,  When  btunt  bs*^ 
powdered  charcoal,  its  surface  becomf>s  black  or  gr*y  (Lewis),  It  is  while 
opaque,  appearing  at  the  fract\ire<l  surface  to  possiais  a  str.ught  librous  t 
^pecifiodly  heavier  than  glsas,  and  so  hard  tbaL  it  scratdies  glass  and  sos 
rock-crystal,  and  emits  sparks  with  steel;  it  does  not  crack  so  readily  with  el 
tempsratnre  as  glass,  or  even  as  porcelain,  and  conducts  heat  and  electrid 
thun  the  former,  so  thitt,  unless  insulated,  it  does  not  become  electrical  b 
Ileaumur'ft  porcelain  may  be  used  instMul  of  ordinary  porcelain  in  the  fabi 
veesels.  It  fuses  with  much  greatw  difficulty  than  glass^  and  is  thereby  convt 
a  white  or  grey  enamel,  transparent  only  at  the  edges — ^having  a  conchoidal 
hard^^r  than  glass,  but  softer  than  Reaumur's  porcelain.  The  specific  gravil 
enamel  is  to  that  of  the  sul>stanco  before  fusion  as  2'625  :  2'8(H  ;  it  does  not 
electrical  by  friction.     (Morreau.) 

3.  If  the  baking  be  too  long  c^jtitinued,  the  threads  of  the  fasciculated  or  flV 
strocture  bec«>mo  Reparated  by  tisstires,  and  the  whole  is  e*3nvertt»d  into  a  fine-grained 
and  Bubsequently  a  coar^f-grained  masii,  loose,  greyish,  and  still  more  difficult  cf 
fusion.  When  the  pcjreehiin  has  begun  to  change  from  the  fil-rous  to  the  ^aaidar 
condition,  it  may  still  be  ftised  by  the  heat  of  a  forge  to  a  pearly,  pof«U8  iM«k 
which  contains  green  glsas  enclosed  within.    If  the  change  to  the  fine-grained  cos- 
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dition  is  complete,  it  fiises  to  a  spongy  mass ;  but  when  the  coarse-grained  state  is 
arrived  at,  it  no  longer  fuses,  but  cakes  together  to  an  exceedingly  ha^  mass,  having 
a  dense  fracture. 

OZiAUBAPATXra.  A  mineral  from  the  Mongo  islands  on  the  Mosqmto  coast, 
where  it  occurs  in  geodes  of  small  yellowish-green  or  brown  crystals,  consisting  of  74 
per  cent,  phosphate  of  calcium,  15*1  sulphate  of  sodium,  and  10*3  water.  {Ramrndt-' 
oerg's  Mineratchemit^  p.  984.) 
0&A1TBSR  8A&T.  Sulphate  of  sodium.  (See  Sulphates.) 
O&AVBBKZTB.  Native  sulphate  of  sodium  and  calcium,  NaCaSO^  It  is 
found  crystallised  in  four-sided  prisms,  belonging  to  the  monodinic  system.  Colour 
greyish-white  and  wine-yellow.  Lateral  planes  transversely  striated ;  terminal  planes 
smooth.  Fracture  foliated  or  conchoi'dal,  Hardness  «  2*5  to  3.  Specific  gravity 
=  2*64  to  2*86.  Lustre  vitreous.  Streak  white.  Taste  sbghtly  saline.  Before  the 
blowpipe  it  decrepitates,  and  melts  to  a  white  enamel.  Becomes  opaque  when  im- 
mersed in  water,  It  is  found  in  crystals  in  rock-salt  at  Villa  Rubia,  near  09ana,  in 
New  Castile ;  also  at  Aussee,  in  Upper  Austria,  in  Bavaria,  at  the  salt  mines  of  Vic  in 
France,  and  in  the  province  of  Tavapaca,  Peru.    (Dana,  ii.  374.) 

O&AVCBVB.  C'HN'  (?).  According  to  Volckel,  sulphocvanate  of  ammonium 
heated  to  300°  C.  yields,  among  other  products,  a  compound  called  poliene,  C*H*N* ; 
and  this,  when  heated,  gives  off  I  at.  ammonia,  NH',  and  is  converted  into  glaucene. 

(See  SULPHOCYAICATBS.) 

O&AVCZC  ACXB.  The  name  originally  given  to  the  add  of  Glaueium  flavum, 
now  known  to  be  fumaric  acid. 

O&AVCZVB.  An  alkaloid  obtained  by  Probst  from  the  leaves  of  the  yellow 
horned  poppy  (Glaueium  flavum),  a  plant  growing  on  sandy  sea-shores.  It  is  not 
contained  in  the  flowers  or  the  root  of  the  plant.  It  may  be  extracted  by  macerating 
the  leaves  with  acetic  acid ;  boihng  the  acid  juice  to  coagulate  the  chlorophyll ;  treating 
the  clarified  liquid  with  nitrate  of  lead ;  decomposing  the  predpitate  with  sulphuretted 
hydrogen;  precipitating  the  filtered  liquid  with  decoction  of  oak-bark;  mixing  this 
precipitate  with  lime  while  still  moist,  after  washing  and  pressing ;  treating  the  mix- 
ture at  a  gentle  heat  with  alcohol ;  passing  carbonic  add  gas  through  the  alcoholic 
filtrate,  to  precipitate  the  lime ;  driving  off  the  alcohol  by  evaporation ;  and  treating 
the  residue  with  water.  Glaucine  then  remains  undissolved,  and  may  be  purified  by 
solution  in  boiling  water. 

From  its  aqueous  solution  it  separates  by  spontaneous  evaporation  in  colourless 
crusts,  composed  of  nacreous  scales ;  the  ethereal  solution  deposits  it  in  a  pitchy  mass. 
From  the  solutions  of  its  salts  it  is  predpitated  by  ammonia,  as  a  curdy  mass,  which 
after  some  time  becomes  pitchy,  and  mdts  to  an  oil  at  the  temperature  of  boiling  water. 
Its  taste  is  harsh  and  bitter.  It  is  moderately  soluble  in  hot  water,  freely  in  alcohol 
and  ether ;  the  solution  blues  reddened  litmus. 

Glaucine  decomposes  at  high  temperatures ;  heated  with  sulphuric  add,  it  assumes 
a  fine  violet  colour ;  the  product  forms  with  water  a  deep  red  solution,  from  which 
ammonia  throws  down  a  deep  indigo-blue  predpitate.  Glaucine  is  quickly  decomposed 
by  nitric  acid. 

Glaucine  forms  neutral  salts,  which  have  an  acrid  burning  taste,  and  are  precipitated 
by  tincture  of  galls.  The  hydrochlorate  and  the  sulphate  are  ciystalline,  very  soluble 
in  water  and  alcohol,  insoluble  in  ether.  The  phosphate  ciystamses  readily  (Probst, 
Ann.  Ch.  Pharm.  xxxi.  241.) 

WLJMJCUmi  nbAVUK.  The  yellow  homed  poppy.  The  seeds  of  this  plant, 
after  drying  in  the  air,  give  off  8  per  cent^  water  at  110°  C.  The  seed  dried  at  this 
temperature  contains  42-6  percent  oil.  The  stems  (air-dried?)  yielded  4*6  per  cent., 
the  seeds,  9*32  per  cent  ash,  containing  in  100  parts: 

SMidft 
CO«        SOS     F«0»      Si 02     N«C1      K«0    N««0    C*«0      Mg«0    Fe«03  Mn»0«  Iom. 
Stem  .     6  39     6-89     240    416  2914  13-82     .  .     2900     3-36     082     0*02    6-02 
Seed  .  22-39     076  11-29     276     107     6-86     1*69  3822    6m    622     0  70     419 

(Cloez,  Institut  1860,  p.  124;  Ann.  Ch.  Phys.  [3]  lix.  129.)  The  plant  contains 
fumaric  acid  and  two  alkaloids — viz.  glaucine  in  the  leaves,  glaucopicrine  in  the 
root 

OX^JLVCOBOTB.  (Co;  Fe)S  .  (Co ;  Fe)As.— A  mineral  resembling  mispickel  in 
crystalline  form  and  in  composition,  excepting  that  the  iron  is  partly  replaced  by  cobalt. 
It  crystallises  in  prisms  belonging  to  the  rhombic  system.  Cleavage  very  distinct, 
pandlel  to  the  base,  less  so  parallel  to  the  prismatic  faces;  also  massive.     Hazdnesa 
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•  C    Bp$Me  mtilj  »  6-975  to  6-003.    Loatze  m^tanic     Calkmr  grejiih  1 
Btimk  UbeL    It  oeean  in  eMohte  skt«  with  cofaaltine  la  tli*  fnfwmm  id  Mm 
Chtli^  and  with  •  pale  yeUow  cali!ite  at  Orowitaa,  in  tlie  Baimat,     li  i 

9  Ai  Co  r«  ITi 

l^omOlule       .        .    20-21    ^a^SO    ^^7    lliN>    tram    < 

„     Onyvitza.        .     19  7S    4«HS«     »103      4'd6      «  .       »    99^  (Fmrnm). 

Bdbf«  t&e  blowpipe  it  glrea  th»  naetiooa  of  •nlphtir,  aomk^  ci>lMlt,  aiid  fKoa. 
(Dana,  il  63) 

aifA0COX.ZXS.     Sjn.  with  ScATOLTtm, 

^t^AjJCQTttSJt^MlO  ACm«  A  prodact  of  th«  deeompogitioa  «f  dbfi^  idd 
(p.  484  L 

OZjLtrcoviTB.  A  8i]ieat«  of  ttoti,  oceaniiig  to  greoi,  txiiaahMcal,  gpilmwiit 
rounileci  gnum  in  the  greeniiaiid  of  Tanooa  localitstt.  Aoooniias  to  Shrenberg 
(BerL  Akad.  Ber.  1854,  pp.  374-3S4;  1855,  ^  86-173;  Jalif^sb.  d.  Chea.  Ift^, 
p.  865),  thfsM  ^raiii9  conwst  of  the  dooj  nuclei  and  sliidfied  ili«lls  of  polythaUiaiy. 
Their  ooiDMaittoii  fa  aomewhat  Tariabl^,  aa  th«  foUmnng  analjsM  will  ahov : — 4l  Fiooi 
Gaj  Hei4  Mawehnietta,  by  a  L  Dana  {DitymU  Mineral<j»mf,  u.  288);  ^  FVom 
Caoliyi  Pita,  Woodtown,  Nefw  Jcfa<?5,  H.  B.  Bogerf  (tAf</.);  e.  From  the  moi  «ftl- 
atone  b<itwi^D  Dorrmond  and  Witt«ii,  Weatphalia  (Von  der  Harek^  /ahnaL  d. 
Cbem.  1856,  p^  1007.) 

aO«  AUCP  Fe»0  M««0  C»*0  K«a  UK> 

tf.  5670  13-32  20 10          118  1 51  -  .  .  .  -    M-9f 

h  4«'45  6-30  24-31            .  .  trace  12*01  8-40  •    W-47 

c.  53-46  5-00  21 78  621  .  .  879  4-76  -^  100-00 

A  grw'D  ferrous  rilicat©  iml^ded  in  the  calcfpar  of  Takli,  n«iT  Nagpm;  is  C«stril 
In<lJa^  app^'iirs  to  hare  the  compoaitioa  of  glanoontte.  (T.  L.  Haughton,  Phil  ISm^. 
[4]  STii.  10.) 

MklOLTXeOWaA^WB,     See  WiCHmr. 

O&AITCOFZCSZVX.  An  alkaloid  w-fntiiinHl  in  tho  nvit  of  G^aucium  JLsrum,  It 
it  extract*^  by  exhanating  the  root  with  ucif  nc  U'iti ;  prvcipiUtitjg  hj  ammonia;  rvili*- 
eolring  the  precipitate  in  acetic  acid;  preLMpitEitlnj:;  th*r  »o]ution  with  decxtioii  of  oak- 
bark;  treating  thia  predpitnte  with  lime  aud  iil'x»}h»l  as  ileflcn>>*v<l  in  the  r'rrptinitifiii 
of  glancine;  exhausting  the  alcoholic  residue  with  ether;  eTapomting  the  ethereal, 
solution  ;  treating  the  residne  with  a  reiy  small  quantitj  of  ether,  which  learee  ] 
glaucopicrine  undissolved ;  and  crystallising  from  Doiling  water. 

Okticopimne  forms  granular  crystals  scSuble  in  wat<»r  and  alcohol,  especaally  wh 
hot;  Vem  soluble  in  ether.    Its  salts  hare  an  extremely  bitter  and  naun'Ottf 
Animal  charcoal  removes  the  glaocopicriiie  from  their  solutions.    Glaacopicrine^  or  i 
of  ita  salts*  heated  with  strong  aulphuric  acid,  yields  a  dark  green  pitchy  ] 
iiit«ntii>.l<-  ill  water,  acids,  and  ammonia. 

/  i^  of  glaucopicrine  ctyatalliaea  in  zhomhciidal  plates  or  in  bundles  < 

pri  "in  water,  insoluble  in  ether.     The  tulphaU  and  pkot^kaU  are  T 

cryfct.ilIj-.«3.Jc.     (Probftt,  Ann.  Ch.  Pharm.  xxxi  264.) 

0&AUCOSJSS&XTB.     Syn.  with  V^iYLUcrm. 

0&SCBOK<A«  The  herb  of  ground  ivj  ( Glechoma  iMemees)  at  the  floweHn 
time  cvjntaiim  n  tannic  acid  which  turns  iron-sulta  gr^E^n,  also  aoetie  aeid,  tartaric  i 
si^ar,  gum,  volatile  oil,  waxy  and  oily  subcitances,  an  acrid  and  a  slightly  bitti 
aabstance,  &;c.  1000  pts.  of  the  flowering  herb  lost  by  diying;  824  pta.  water ;  tl 
r<*flidue  yielded  to  ether  24  pts.,  then  to  alcohol  8  ptAv,  then  to  water  56  pta.,  I 
Tiydroi'hloric  iicid  10  pt^.,  and  ther«)  remained  72  pta.  of  insoluble  Tcgetable  fifbre  (J.  J 
Eqk,  Vicrt*?JjuhrB«chr.  pr.  Pharm.  ac  11.) 

ilZiXA92]r«    See  Qixrxs. 

OJbXVXXTS.    A  greenish  Tariety  of  olivine  from  a  talcose  slate  in  Penn,  ] 
nleo  nrrnrrini^  in  gn*»isa  at  Tunaberg  in  Sweden,  with  aogite  and  garnet,  and  in  veij 
:)  iiK'h'K  thick  in  the  mica  slate  of  Eytachimsk,  north  of  Miaak  in  the  UraL  (S 

OUVLNIS  ) 

ikttOMTTtakMtJLm    According  to  G- P.  Wala  (K.  Jahrb.  Pharm   ^;:;   onn   ♦ 
Im^fim  of  Ohhularia  Mt/pum  coDtain  a  yellow  colouring  matter,  a  per 
fT  1  n  b  Ti  1  ji  r  i  1  a  n  n  i  c  lie  id ,  whose  lead-salt  dried  at  1 00°  C.  contains  C*  1  i 

*  r  n  s  i  n,  C^H  "O*.  baring  a  very  strong  and  fj^ignin  t  odour,  an  d  a  bi  t  i^r  prineipk 

rin,  C'*H"0**,  which  is  resolved  by  dilutt*  fnilphtmV  acid  into  globnlaretif 

•  »  II    1  > Mji  white  pulverulent  substance  which  mdt«  to  a  rvsin  when  hoated\  para 

ittlarotin,  C'*11**0*  (a  elightly  coloured  pulverulent  substance  inaolnble  in  etbsi 
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and  precipitated  by  water  from  its  alcoholic  solution),  and  glucose,  with  elimination  of 
1  at.  wat4?p ; 

C*>H«0»*  =  C»*H>*0»  +  C»*H'«0*  +  (?H»K)«  +  HK). 

For  details  respecting  these  compounds,  see  G-melifCa  Handbook,  zr.  38 ;  zvi.  82. 

O&OBmblsr,  or  GSTSTAlAXar.  (Lehman n,  PhysioL  Chem.  i .  366;  Handw. 
2**  Aufl.  iL  134. — Gerh.  iv.  450.) — ^An  albuminous  substance  existing  in  the  crystalline 
lens  of  the  eye,  and,  according  to  Berzelius  and  others,  in  the  corpuscles  of  the  blood. 
As  however  it  has  never  been  obtained  from  the  latter  source  free  fix>m  colouring 
matter,  the  identity  of  the  two  substances  cannot  be  considered  as  quite  established 
more  especially  as  the  albuminous  substance  obtained  from  the  blood-corpuscles  by 
Lehmann's  latest  process  differs  essentially  from  that  in  the  ciystalline  lens.  (Sc^ 
H^mato-Cbtstallin.  ) 

From  the  crystalline  lens,  elobulin  is  obtained  by  triturating  this  body  with  water, 
evaporating  the  filtered  liquid  at  a  temperature  below  50^  C.  and  purifying  the  diy 
residue  by  digestion,  first  with  ether,  then  with  dilute  alcohoL  In  the  lens  of  the 
human  eye,  Berzelius  found  36*9  per  cent  of  dry  globulin. 

Globuun  thus  prepared  is  a  yellowish  transparent  mass  which  swells  up  in  water 
and  dissolves,  for  the  most  part,  forming  a  gummy  liquid.  The  solution  becomes 
opaline  at  73^  C,  and  deposits  a  coagulum  at  93^,  therefore  at  a  temperature  con- 
siderably above  that  at  which  albumin  coagulates  (i.  65).  Mixed  with  a  smtdl 
quantity  of  acetic  add,  it  becomes  opaline,  and  deposits  a  coagulum  at  50° ;  but  a 
larger  quantity  of  acetic  acid  either  prevents  the  coagulation  altogether,  or  renders  a 
temperature  of  100^  necessary  to  produce  it  The  aqueous  solution  has  a  slight 
alkaline  reaction  and  behaves  with  mineral  acids  and  metallic  salts,  in  most  respects, 
like  a  solution  of  albumin.  According  to  Lehmann,  the  solution  acidulated  with  acetic 
acid  is  precipitated  by  ammonia,  and  a  solution  mixed  with  ammonia  gives  a  precipi- 
tate when  cautiously  neutralised  with  acetic  acid.  Moreover,  on  passing  carbonic  acid  gas 
through  the  aqueous  solution,  a  precipitate  is  obtained  which  is  soluble  in  pure  water. 

The  chemical  composition  of  globulin  is  sensibly  the  same  as  that  of  albumin. 
Mulder  found  it  to  contain  on  the  average,  54*35  per  cent  C,  7*0  H,  16*5  N,  and  0-3 
to  1-2  S.    Lehmann  found  1*1  per  cent,  sulphur. 

According  to  Lehmann,  globulin  from  the  ciystalline  lens  yields  by  incineration 
0*24  per  cent,  phosphateii,  and  1*55  per  cent  soluble  salts,  consisting  of  alkaline 
chlorides,  sulphates,  and  phosphates,  but  no  alkaline  carbonate  (whereas  the  albumin 
of  serum  or  white  of  egg  always  yields  alkaline  ash).  But  the  liquid  separated  by 
filtration  from  coagulated  globulin  yields  an  ash  containing  alkaline  carbonate. 
According  to  the  same  chemist  also,  globulin  when  coagulated  by  heat  gives  off 
ammonia,  and  the  filtered  liquid,  instead  of  exhibiting  increased  alkaline  reaction, 
like  white  of  egg  similarly  heated,  is  found  to  have  an  acid  reaction.  Hence  Lehmann 
concludes  that  soluble  globulin  contains  ammonio-sodic  phosphate,  which  is  resolved  by 
heat  into  ammonia  and  acid  phosphate  of  sodium.  He  is  also  of  opinion  that  globulin 
contains,  in  combination  with  soda,  an  organic  acid — probably  lactic  acid — to  which  is 
due  the  alkaline  ash  obtained  from  the  liquid  filtered  from  coagulated  globidin.  The 
presence  of  different  mineral  salts  in  albumin  and  in  globulin  may  perhaps  account  for 
the  slight  differences  observed  in  the  characters  of  the  two  bodies. 

According  to  Valenciennes  and  Fr^my  (Compt  rend.  xliv.  1122),  the  outer  and 
inner  portions  of  the  crystalline  lens  of  the  eyes  of  mammalia  contain  different  modifi- 
cations of  albumin,  and  those  of  fishes  contain  another  albuminous  substance  called 
phaconin.    (See  Etb,  p.  615.) 

O&OCKBRXTa.  A  basic  ferric  sulphate,  2Fe*0'.S0*  4-  6  aq.,  occurring  in  stalac- 
tites of  considerable  size  at  Obergrund  near  Zuckmantel  in  Austrian  Silesia.    (See 

SULFHATBS.) 

OXiOsronr.    Syn.  with  NrrBOOLTCBHiw.    (See  Gltckbdc.) 

0&088BCOXiZTB.  (Shepard,  Sill.  Am.  J.  [21  xxiv.  124;  Pisani,  Compt 
rend.  41,  310.) — ^A  silicate  of  aluminium  from  Rising  Fawn,  in  Dade  Country,  Georgia, 
compact,  with  conchoidal  fracture,  dull,  of  white,  yellowish,  or  brownish  colour,  with 
shining  streak ;  adheres  to  the  tongue.  Hardness  «  2  to  2*5.  Specific  gravity  =  2*2 
(or  if  protected  from  penetration  of  water,  17).  Soft  to  the  touch  and  very  brittle. 
Heated  in  a  tube,  it  gives  off  water  (17  per  cent  according  to  Shepard,  21*8  according 
to  Pisani).  and  turns  bluish-groy.  Infusible  before  the  blowpipe ;  exhibits  a  fine  blue 
colour  with  cobalt-solution.  Decomposed  b^  heating  with  smphuric  acid.  Shepard 
regarded  it  as  an  opal ;  but  according  to  Pisani's  analysis,  it  contains  40*4  per  cent 
SiO«,  37*8  A1^0»,  0-5  Mg«0,  and  21-8  water  (-  1005). 

O&OTTAUTB.  A  mineral  from  the  greenstone  near  Port  Glasgow,  on  the 
Clyde ;  occurring  in  cubes  with  the  angles  truncated ;  colourless  or  white^  with  vitreous 
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liii?tre,    Aecoinling  In  Thoinson*t  Rnulysis  (Ouili fits  of  Minrral^y^  \.  %^\ 
tainB  3701  8iO'/16  31  A1«0*»  0*60  F^«0*,  2393  Ctt«0  cuid  21*26  wjit«r{««Hrk 
agreeing  approximatdy  with  the  formula 

6(CaK)^iO*)  +  2Al*0*.3SiO»  +  18aq.,    or    2C!i»SiO»,  a/«SiO«  +  Oiq. 

Gre^  fAfiiifrW«  of  Grtat  Britain^  p.  171)  regards  tlic  miner^  ss  cliab««t^tVT 
whi<£  ooes  not  accord  with  Thomson's  analysis.  The  cixistenoe  of  tlie  *nf!*— t'  **  * 
dbtiiict  species  caoiwt*  howtrrer,  he  considered  as  poeitiyely  eetubliflhcd.  ifimmaik 
ber^9  Minerakhemit,  pi  781.) 

€il.VGXG  JkCm.  C'*H»'0»  -  C?**/3^'0"(PeU^ot).  or  C«*Jr*O".2ff0  (BorV 
ledt^r  ;ind  Kawiilier)^  Kaluacehark  acid.  (P  eh  got,  Ann.  Ch*  PhjiL  Ixik  U4; 
Mulder,  Ann.  Cb*  Pharra.  xxxrn,  243;  Gerh.  iL  663.) — An  acid  prDdoced  by  tk 
action  of  acida  and  alkolis  on  sugar*  A  mlution  of  dc^xtroglucose  (gnu«*  or  Uiiil 
engar),  eatuisted'with  lime  or  baiyta,  and  left  to  itself  for  serankl  we<«iw  feiMfaJty 
loBtfH  ita  alkolioti  reaction,  and  the  bate  vbich  it  ootitoiaa  ia  no  lonfficr  precipitaUi  ^ 
carbonic  add.  It  then  gtTea  with  basic  acetate  of  lead,  a  bulky  i^ite  ppedpiixDi  k 
bmnc  glncatc  of  lead,  which,  wh^n  dacomposed  bj  sulphjdric  ai^d,  yields  ghuac  asi 
(Pell got).  An  eaay  mode  of  preparing  the  acid  is  to  mix  grape^sufl;ar  m/dlei  il 
100^  C.  in  it«  wae«r  of  crrat&lUBation,  with  a  warm  eonoentimt^d  eolation  of  caaitif 
baiyta,  potash,  or  Boda.  Great  rise  of  teuiperatiLrc  then  takes  place ;  and  if  the  aeCiaa 
be  stopped  before  it  has  gone  too  lar,  a  large  quantity  of  glacic  aeid  is  obtabed. 
which  may  be  extracted  with  basic  acetate  of  lead  vla  abovo,     (Peraoai.) 

Glucic  acid  may  also  bt>  prepartd  by  boiling  cane-sugar,  in  contact  with  the  air,wilk 
dilute  sulphunc  acid  ;  filtering ;  saturating  with  chalk ;  evaporating  to  dryness ;  nid 
digesting  the  residue  in  a  vet^  small  quantity  of  water.  The  brown  ayrapy  liquid  tfav 
obtainod,  which  contains  acid  glucat43  of  oilcinm,  together  with  the  ca^mn-fiak  d 
apoffimeio  4icidt  a  small  quantity  of  sulphate  of  calcium,  and  uncry»t4illi«able  sagsf;  u 
treated  with  sleohol  to  precipitate  the  apoglucatet  and  decolorised  with,  aaitnal  ohm 
then  mixed  with  caustic  lime  in  sufficient  quantity  to  destroy  the  acid  rt^tction;| 
ai;ain  with  alcohol,  which  throws  down  neutrul  glucate  of  calciuin  in  white 
From  this  salt  the  acid  may  be  obtiiijiod  by  precipitating  ita  solution  with  basie  i 
of  lead,  as  above.     (Mulder.) 

.^bcording  to  Rochleder  and  Kawalier  (J.  pr,  Cbem.  Ixxiv*  28,  299;  Jahnsh, 
ld58,  p.  257),  giillotjinnie  add  k>il<^  with  baiyta-water  yicliia  glucie  and  galliesaiK 
and  if  the  liquid,  when  cold,  be  fiitcrc^l  to  separate  the  precipitate  of  gnllate  of  hartai^ 
the  filtrate  shaken  up  with  air,  and  the  rusty-brown  precipitate  thereby  fktrmed  bt  i*- 
moTed,  n  solution  in  obtained  free  from  gallic  acid ;  and  on  removing  th«^  baiyta  \ff 
sulphuric  acici  pi^clpiuiting  with  basic  ac<ftate  of  lead,  decomposing  th«  prvcipttale  wiu 
Bulphydric  acid,  and  uvupomtiug  in  vacuo,  glncic  acid  renuuns  in  the  £an  of  a  *^^ 
acid  symp» 

Glucie  acid  (from  siigar),  obtained  from  ita  solution  by  craporation  in  Tacwv  ^  * 
colourless,  amorphous  body,  resembling  tannin,  very  soluble  in  wat^r  and  in  akehd; 
that  obtained  &om  tannic  acid  di>«>s  not  ftolidify  (Xawalier^  According  to  HM^ 
it  does  not  abaorb  moistiLre  from  the  air^  but  according  to  Petigot^  it  is  hj^^^hijr  hj^r^ 
Boopic  when  dry.  It  hua  a  very  freeh  taate.  Heated  to  100°  C^  it  decompoec«,  tmO" 
ing  brown,  and  giving  off  a  large  quantity  of  water.  The  aqueoua  solution  tarns 
brown  when  boiled  in  confaet  with  the  air,  or  witli  dilute  enlphuric  or  hydxtxiilark 
acid,  forniing  apo^lucic  acid.  With  the  aame  adds  in  the  concentrated  state,  it  tons  a 
brown  ulmic  Bubtttanco  insoluble  in  water. 

The  glucatfi^  both  acid  and  neutral,  are  solable  in  water.  The  nrutral  ca/rvsen- 
galt,  dried  at  W(P,  is  permanent  in  the  air,  and  appears  to  contain  G**H»«C^»0*-».  iWQ 
(Analysis  by  Mulder,  38"4  per  cent  C,  4-6  H,  and  232  Ca;  calculation,  38  8  C,  4-0^" 
and  22 -6  Ca).  It  is  very  soluble  in  water,  sparingly  in  alcohoL  The  aqm<«ous  moIu 
in  decomposed  by  carbonic  acid,  yielding  acid  glucate  and  carbonate  of  Cdilciimi. 

The  aciii  cahium*6aU  cr\fitailiHCS  in  needles,  soluble  in  alcohoL     It  is  prvdnc 
the  action  of  aqueouH  glucie  acid  on  civrbonuto  of  calciuin. 

Ha^ic  glucaic  of  had  h  insoluble- in  water,  andappars  to  contain  2C'*ir'*Plj'0*  SF 
+  H'O.  (Analysis  by  PeHgot,  li'8  and  14*2  C,  lO  H,  CiD'3  and  705  Pb;  ealculati 
15  OC,  1-7  H,  juul  70*0  Pb.) 

i&po^iiclo  acta*  tlie  product  formed  from  glucie  acid  by  oxidation  in  the  air 
(p.  848),  may  be  wt-panitcd  from  the  solution  of  its  calcium-salt  by  precipitating  with 
acetate  of  Lad,  and  dccomj^ioBing  the  lesd-salt  with  sulphydric  arid.  In  thf  dr 
it  forms  a  brown  amorpboiiN  maiis  cftijily  soluble  in  water,  sparh 
inaolublo  in  ether.  Aecorcling  to  iluld'er.  it  contain Sj  when  dri' 
-*-  NO.    It  is  perhaps  ideutieid  with  assamar.    (See  AflflAMAS,  L.±^,^ 

SttQAK,  UlJCC  AGO).) 
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O&VOXVirM.  GltfciuMy  Beryllium.  Symbol  G ;  atomic  weight  47 :  or  Symbol 
he ;  atomic  weight  7. 

This  somewhat  rare  metal,  the  oxide  of  which  was  discovered  by  Vauquelin  in  1798, 
occurs  as  a  silicate,  either  alone,  as  in  phenacitc,  or  associated  with  other  silicates,  in 
beryl,  euclase,  leucophane,  helvite,  and  several  varieties  of  gadolinite;  also  as  an 
alnminuto  in  chrysoberyl  or  cymophane. 

W6hlerandBus8y,in  1828,  first  obtained  met«illic  glucinum,  though  in  an  impure 
and  pulverulent  state,  by  fusing  the  chloride  with  potassium  in  a  platinum  crucible. 
Becquerel  afterwards  reduced  it  in  steel-grey  cryst^illine  scales  by  electrolysing  a 
solution  of  the  chloride  ;  and  Debray,  in  1854  (Ann.  Ch.  Phys.  [3]  xliv.  6).  obtained 
it  in  the  compact  state  by  reducing  the  chloride  with  sodium,  in  a  manner  similar 
to  Deville's  first  process  for  the  reduction  of  aluminium.  A  small  dish  containing 
chloride  of  glucinum  is  introduced  into  a  combustion-tube,  and  after  the  air  has  been 
expelled  by  a  current  of  hydrogen,  another  small  dish  containing  metallic  sodium, 
previously  well  cleansed  from  naphtha  by  pressure  between  filtering  paper,  is  likewise 
introduced.  Heat  is  then  applied,  first  to  the  sodium  to  melt  it,  and  then  to  the  chlo- 
ride of  glucinum,  which  volatilises,  and  coming  in  contact  with  the  melted  sodium,  is 
thereby  decomposed.  A  black  mass  consisting  of  glucinum  and  chloride  of  sodium  is 
thus  obtained,  from  which  the  metal  may  be  separated  in  distinct  globides,  by  melting 
the  mass  in  a  small  crucible  with  an  additional  quantity  of  chlondo  of  sodium,  and 
wanhiug  out  the  soluble  salts  with  water.  The  improved  methods  of  reducing  chloride 
of  aluminium  with  sodium  (i.  160)  might  doubtless  be  applied  with  advantage  to  the 
preparation  of  glucinum. 

Glucinum,  as  obtained  by  Debray*8  process,  is  a  white  metal,  of  specific  gravity 
2*1.  It  may  be  forged,  and  rolled  into  sheets  like  gold.  Its  melting-point  is  below 
that  of  silver.  It  may  be  melted  in  the  outer  blowpipe-flame,  without  exhibiting  the 
phenomenon  of  ignition  presented  by  zinc  and  iron  under  the  same  circumstances ;  it 
cannot  even  be  set  on  fire  in  an  atmosphere  of  pure  oxygen,  but  in  both  experiments 
becomes  covered  with  a  thin  coat  of  oxide,  which  seems  to  protect  it  from  further 
change.  It  does  not  appear  to  combine  with  sulphur  under  any  circumstances,  but 
unites  directly  with  chlorine  and  iodine  with  the  aid  of  heat.  It  unites  readily  with 
silicon^  forming  a  hard  brittle  substance  susceptible  of  a  high  polish ;  this  alloy  is 
always  formed  when  glucinum  is  reduced  in  porcelain  vessels.  Gmcinum  does  not  de- 
compose water  at  a  boiling  heat,  or  even  when  heated  to  whiteness.  Sulphuric  and 
hydrochloric  acids  dissolve  it>  with  evolution  of  hydrogen.  Nitric  aa'd,  even  when 
concentrated,  does  not  act  upon  it  at  ordinary  temperatures,  and  dissolves  it  but  slowly 
at  the  boiling  heat.  Glucinum  is  not  attacked  by  ammonia^  but  dissolves  readily  in 
caustic  potash. 

The  above-mentioned  properties  differ  considerably  from  those  of  the  metal  which 
Wohler  obtained  by  igniting  chloride  of  glucinum  with  potassium  in  a  platinum 
crucible,  the  metal  thus  produced  being  a  grey  powder,  very  refractory  in  the  fire, 
but  combining  with  oxygen,  sulphur,  and  chlorine  much  more  energetically  than 
I)(>bniy*s  metal  The  differences  appear  to  be  due,  partly  to  the  different  states  of 
aggregation,  and  partly  to  the  contamination  of  Wohler's  metal  with  platinum  and 
potassium. 

Compounds  of  Glucinum. — Glucinum  forms  but  one  class  of  compounds,  and  into 
these  it  was  supposed  by  Berzelius  to  enter  as  a  sesquiatomic  radicle  (with  the  atomio 
weight  7)  the  chloride  being  Be*Cl*,  and  the  oxide  Be*0",  this  view  beinff  based  upon 
certain  resemblances  between  the  chlorides  and  hydrates  of  glucinum  and  aluminium, 
and  upon  the  supposed  capability  of  glucinum  and  aluminium  to  replace  one  anoti^er 
in  indefinite  proportion  in  minerals,  e.g.  in  chrysoberyL  This,  however,  has  been 
completely  disproved  by  the  researches  of  Awdejew  and  Damour,  from  which  it 
uppt^ars  that  the  proportions  of  glucinum  and  aluminium  in  chrysobeirl  are  quite 
wnstant.  from  whatever  locality  the  mineral  may  be  derivt^d.  Moreover,  gfncina  bears^ 
on  the  whole,  a  much  closer  resemblance  to  the  protoxides  than  to  the  sesquioxides. 
It  forms  a  carbonate  and  double  carbonates,  which  alumina  does  not.  When  stronglv 
heated  it  volatilises  like  magnesia,  without  fusing,  whereas  alumina  melts ;  and  it 
cannot  be  ftised  with  lime,  as  alumina  can,  without  the  presence  of  another  body,  such 
as  silica  or  alumina. 

Apiin,  chloride  of  glucinum  does  not  form  definite  compounds  with  the  alkaline 
chlorides  as  chloride  of  aluminium  does.  For  these  reasons  Debray  regards  glucinum 
as  monatomic,  that  is,  as  replacing  1  at.  of  hydrogen,  and  assigns  to  glucina  the  for* 
niu'.a  G*0. 

Tliis  view  of  the  atomicity  of  glucinum  is  further  recommended  by  the 'greater  sim- 
j>1ioity  of  the  formulre  which  it  affords  for  many  of  the  compounds  of  the  metal ;  take 
lor  example  tlic  phosphates  analysed  by  Scheffer  (Ann.  Ch.  Pharm.  cix.  144): 
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On  thf^  othi^  hnnd,  H.  B  os e  (Pogp:.  Ann.  xcrL  445)  is  dlspOMAd  U»  ft^nd  |^«iai  •  * 
pf'sqiiit^xidp.  partly  from  ceftain  con^idcTatioiui  rolAtuig  to  its  speciBm  vahuai,  m^m^ 
thtr,  becAUiie  wh«i)  heated  vitb  alkjduie  carbooatM^  ^^  decompovra  tli«a,«li^ii 
protoxide  i»  known  to  do.  It  must  4i]j>o  be  obs^red  that  miLny  componadb  ef  ^bdnv 
are  not  isomorphous  with  the  generality  of  mibctanoea,  which,  if  g^mcinim  1m  iMmtirr* 
mu«t  be  represented  by  simlUr  iormuht,  Thii«  gluci&a  j«  not  icomatphooi  «ilk  i» 
or  mngiic-siii. ;  chrysoberj'l,  if  expreaeed  by  the  formula  A1*00*,  will  be  iotkoMimirm 
compos  Uion  goes,  in  the  eljiss  of  spine/*  ;  but  in  crystalline  form,  it  diShrm  1 
all  olh<?r  mjnendii  of  that  doss.  The  emefidd,  GdSiO*,  also  did^ra  compk 
line  ff>rin  from  the  gfnemlity  of  silicatoa  of  the  form  M*SiO*.  O  rd  way  i 
[2]  xiri-  14)7)  flodii  that  glucina.  has  a  great  tendennr  to  farm  basic 
aiid  MLx  at  of  metal  to  1  at.  of  acid  radide,  and  oddaoes  tbis  tcrndeo 
ment  in  favour  of  the  seftqui-t^iniviJeiit  value  of  the  metal ;  ins-smudi  as  l_ 
ff'rninun  exhibit  tJie  name  t* mii^ney  ; — but  a^i  lead,  whidi  is  ecriuititjr  uoti 
fnrzmtu  greiit  number  of  ba&ie  aalta  of  simihir  constitution,  tliis  arj^ument  Ittti  aotflrt 
force. 

On  the  whole,  the  quesrtion  is  to  the  equiTalent  value  ol  gluciniun  cwotMii  bsf 
as  decided,  bnt  the  balan<»D  of  midcnoe  appears  to  ijicliii«  in  farotir  of  tlie  aeaqiii't 

lent  value. 

The  ^fiinity  of  gludna  fbr  acids  is  Iqm  than  that  of  the  alkaline)  eaitlis  sad  t  ^ 
hut  gtron^t?r  than  that  of  alnmiita;  for  the  hydrate  decompoMieB  ammoniacal  tails  I 
boiling  hc^at.  The  hydrate  dissolveji  reudily  in  acld^»  the  ignile<l  oxide  slowly*  \ 
mny  bo  Tendered  snaily  soluble  by  fimou  with  bidpbaio  of  pol^iasimn.  Tbe  m1j»  s« 
colourlesi,  anless  the  add  itielf  ia  coloured:  many  of  them  crystallise  wWL  JM 
neutral  glneinnm  aalta  are  soluble  in  wat4sr ;  the  •ulutiona  b»re  a  «w«et,  meitm^&^ 
t4iiii4L%  and  redden  litmus.  Many  gludnuin  salts  which  are  insoluble  in  water^  «.  a.  Ai 
borate,  phosphate^,  carbonate,  &e.,  dhisolve  readily  in  adds.  The  silicatee  diasoMS  m 
adda  only  aftt^r  ignition  with  talphate  of  poUsiium;  by  fiisin^  tbem  wtth  csa«tieil' 
knith  or  ulkHline  earUniates,  the  glucina  is  ueparated^  and  is  then  soluble  in  ad^ 
Gtucinum  sallci  containing  volatile  acids,  even  the  sulphate,  give  off  the  add  sta 
Ignited :  the  anhydrous  chloride  Yolatilisea  without  decompe^itioa. 

tTlucina  Ima  a  great  tendency  to  form  basic  sait^;.    According:  to  Ordwaj  the  1 
nitrate,  2GNO»+3HO,  or  Ee*0».3N*0*  +  9H*0,  healed  for  20  hotus  orer  tlks 
l-atb,  IcflTea  a  loluble  basic  nitmte  containing  G^0.2GN0*  -t-  3HK)  or  2Be*C 
9H-0 ;  the  same  salt  remaini  in  solution  when  an  aqtieoua  solution  of  L 
nitmte  is  treated  in  the  cold  with  carbonate  of  barinni,  btit  on  boiling  tha^ 
the  glue  in  a  is  precipitated  in  the  form  of  a  salt  containing  a  groat  nffinsBi  ef  1 
The  neutral  nilrute,  formate,  chloride,  bromida,  and  iodide  cf  glucinum  maybsi 

wholly  converted  into  tribasic  salts  by  digestion  with  hydrate  of  glu 

neutral  nitmte  may  abo  be  converted  into  the  tribasic  salt  by  partial  nev 
the  ucid  with  ammonia:  the  snlphate  al^o  in  likt)  msjiner,  but  the  '^liatiop  does  s>^ 
bear  dilution*  The  solution  of  the  acetate  difisoivee  hydrate  of  gbi*4i^nii*^  tOl  tt  ii 
convtrtod  into  a  seibasic  salt. 

GZitrczirirM,  A1«X.0T8  Ol*.  Bnt  little  IS  known  of  the  alloys  of  ^^ 
alloy  of  this  mttal  with  iron  is  obtained  by  heating  glndna  to  whiteness  m 
iron  and  charcoal  (Strom oyer),  or  wiUi  iron  and  potassium  (H,  DaTj);  aImH 
decompoflinj^^hiciniu  in  an  atmosphere  of  hy«lrt:>gen,  by  the  current  of  a  p<>wMM  wi 
taic  batterj',  tlic  ii(^H(ive  jioV  of  which  is  formetl  of  an  iron  wire»  which  is  Ibsed  )? 
the  currerit  (H.  Davy),  The  alloy  obtained  by  Stromeyer  is  whifo  and  Um 
mallettble  than  iron^  and  dissolvea  in  adds,  forming  s  glodnum-salt  and  a  fcnoaff  ttilk 
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O&VOXVUM.  BSOBOBB  OT.  GBr  or  Be'Br'.-— Glncinnm  takes  flro  when 
hoiitod  in  bromine- vapour,  forming  a  bromide,  which  Bublimea  in  long  colourless prismi, 
is  fusible,  Tolatile,  ana  dissolves  in  water,  with  great  rise  of  temperature.  —  Hydrate 
of  glucina  dissolves  in  aqueous  hydrobromic  acid,  and  the  solution,  when  evaporated, 
jields  deliquescent  crystals  of  a  hydrated  bromide,  which  when  ignited  leave  a  residua 
of  glucina.     (Berthemot) 

OlVCnnmE,  CBXiOSZB*  or.  GCl,  or  Be*Cl*.— Formed  by  heating  the 
metal  in  chlorine  or  in  hydrochloric  acid  gas,  and  by  the  action  of  aqueous  hydrochloric 
acid  on  the  metal  or  its  oxide.  The  anhvdrous  chloride  is  prepared  by  passing  dry 
chlorine  gas  over  an  ignited  mixture  of  glucina  or  pulverised  beryl  with  charcoal  It 
then  collects  in  the  colder  parts  of  the  tube,  or  in  the  receiver,  in  silky  needles  and 
flakes,  thickly  interwoven  or  caked  together  into  a  dense  mass.  It  melts  at  a  gentle 
heat,  and  at  a  higher  temperature  again  sublimes  in  needles.  It  is  less  volatile  than 
chloride  of  aluminium.     Heated  witn  potassium  or  sodium,  it  yields  glucinum. 

Chloride  of  glucinum  dissolves  in  water,  with  considerable  rise  of  temperature  and 
a  hissing  noise ;  it  is  very  deliquescent.  The  solution,  which  may  also  be  obtained  by 
dissolving  glucina,  or  the  metal,  in  hydrochloric  acid,  deposits  on  evaporation  a  ays- 
talline  mass,  consisting  of  the  hydrated  chloride,  GC1.HK).  A  basic  chloride,  or 
oxycMoridey  is  obtained  by  boiling  the  aqueous  solution  with  glucina,  or  by  treating  it 
with  a  quantity  of  ammonia  not  sufficient  for  complete  precipitation. 

O&VCnnmE,  BBTBOTZOST  AVB  BBTZMATZOST  or.  l.  Seactions.-^ 
Glucinum  is  not  precipitated  firom  neutral  or  acid  solutions  by  suiphydric  acid. 

Alkaline  srdphides  throw  down  hydrate  of  glucinum  as  a  bulky  white  precipitate^ 
with  evolution  of  sulphydrie  acid. 

Caustic  potash  and  soda  form  a  gelatinous  precipitate  of  hydrate  of  glucinum, 
soluble  in  excess  of  the  alkali,  but  completely  precipitated  on  boiling,  if  the  solution  is 
dilute,  and  redissolving  only  to  a  very  slight  extent  on  cooling ;  if  the  caustic  alkali- 
solution  was  very  concentrated,  the 'hydrate  does  not  separate  from  the  boiling  solution 
till  water  is  added,  but  the  precipitation  then  takes  place  immediately. 

Ammonia  also  precipitates  the  hydrate,  even  in  presence  of  ammoniacal  salts ;  the 
precipitate  is  not  soluble  in  excess  of  ammonia. 

The  alkaline  earths^  and  likewise  magnesia  and  yttria^  precipitate  glucinum  as  a 
hydrate.  The  normal  and  acid  carbonated  of  potassium  and  sodium  throw  down 
a  bulky  precipitate  of  carbonate  of  glucinum,  soluble  in  a  large  excess  of  the  reagent. 
Carbonate  of  ammonium  produces  a  similar  precipitate,  but  soluble  in  a  much  smaller 
excess. 

Carbonate  of  barium  precipitates  glucina  completely  at  the  boiling  heat ;  in  the 
cold,  according  to  H.  Rose  (Handb.  a  Chem.  Anal.  ii.  61),  no  precipitate  is  formed; 
but  according  to  Awdejew  (PogK.  Ann.  Ivi.  101)  and  Weeren  {ibid.  xcii.  91), 
partial  precipitation  takes  place.  "Ordinary  phosphate  of  sodium  throws  down  a  floc- 
culent  precipitate.  Ferrocyanide  of  potassium  produces  no  precipitate  at  first,  but  the 
liquid  becomes  gelatinous  after  a  whue.  Alkaline  succinates  form  a  white  precipitate ; 
tincture  of  galls  throws  down  yellow  flakes.  Glucinum  salts  are  not  precipitated  by 
sulphate  of  potassium,  hydrofluosilicic  acid,  carbonate  of  calcium,  oxalic  acid,  alkaline 
oxalates  or  tartrates,  or  by  ferricyanide  of  potassium. 

The  reactions  of  glucinum  are  in  most  respects  similar  to  those  of  aluminium.  A 
sufficient  distinction  between  the  two  is^  however,  afforded  bpr  the  reaction  with  ear- 
bonate  of  ammonium^  which  dissolves  the  precipitates  of  glucinum  formed  by  alkalis 
and  alkaline  carbonates,  but  not  the  corresponding  precipitates  of  aluminium.  A 
further  distinction  is  that  glucinum-compounos,  moistened  with  nitrate  of  cobalt  and 
heated  before  the  blowpipe,  do  not  give  the  blue  colour  which  is  characteristic  of 
aluminium-compounds. 

2.  Quantitative  Estimation  and  Separation. — Glucinum  is  precipitated  firom 
its  solutions  for  quantitative  estimation  by  ammonia,  or  better  by  sulphide  of  ammo- 
nium.    The  precipitate,  when  washed  and  ignited,  yields  pure  anhydrous  glucina. 

The  methods  of  separating  glucinum  from  other  metals  are  for  the  most  part  the 
same  as  those  for  the  separation  of  aluminium. 

When  glucinum  and  aluminium  occur  together  in  solution,  the  best  mode  of  sejpa- 
rating  them  is  that  given  by  Berzelius,  viz.  to  boil  the  precipitated  hydrates  with  a 
highly  concentrated  solution  of  sal-ammoniac  as  long  as  ammonia  continues  to  escape. 
The  whole  of  the  glucina  then  dissolves,  and  the  alumina  remains  behind.  To  ensure 
complete  separation,  it  is  necessary  to  add  the  sal-ammoniac  solution  before  precipita- 
ting, and  continue  the  boiling  for  a  considerable  time,  renewing  the  water  as  it  evapo- 
rates, to  prevent  the  solution  becoming  too  concentrated.  When  the  evolution  of 
ammonia  ceases,  the  solution  is  to  be  diluted  with  a  large  quantity  of  hot  water,  then 
filtered  hot,  and  the  g^dna  precipitated  by  sulphide  of  ammoniuoL    The  method 
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<3iluto,  and  then  with  strong  nitric  acid,  till  it  is  reduced  to  a  homogeneous  jelly.  The  pro- 
duct is  then  evaporated  to  dryness,  and  heated  sufficiently  to  decompose  the  nitrates  of 
aluminium,  glucinum,  and  iron,  and  a  small  portion  of  the  nitrate  of  calcium ;  and  the 
residue,  consisting  of  silica,  alumina,  glucina,  sesquioxide  of  iron,  nitrate  of  calcium, 
and  a  small  quantity  of  free  lime,  is  boiled  with  water  containing  sal-ammoniac,  which 
dissolves  the  nitrate  of  calcium  immediately,  and  the  free  lime  after  a  while,  with 
evolution  of  ammonia  (if  no  ammonia  is  evolved,  the  calcination  has  not  been  carried 
far  enough,  and  must  be  repeated).  The  liquid  is  then  decanted ;  the  precipitate,  after 
tliorough  washing,  treated  with  boiling  nitric  acid ;  and  the  resulting  solution  of 
alumina,  glucina,  and  iron  poured  into  a  solution  of  carbonate  of  ammonium  mixed 
with  free  ammonia.  The  earths  are  thereby  precipitated  without  evolution  of  carbonic 
acid,  and  the  glucina  redissolves,  after  seven  or  eight  days,  in  the  excess  of  carbonate 
of  ammonium.  As  the  carbonate  of  ammonium  may  also  dissolve  a  small  quantity  of 
iron,  it  should  be  mixed  with  a  little  sulphide  of  ammonium  to  precipitate  the  iron 
completely.  Lastly,  the  carl)Ouato  of  ammonium  is  distilled  off,  and  the  carbonate  of 
glucinum  which  remains  yields  pure  glucina  by  calcination. 

According  to  Q-.  Scheff  er  (Ann.  Ch.  Pharm.  cix.  144),  the  preceding  processes 
are  attended  with  considerable  loss  of  glucina :  the  following  gives  hotter  results.  A 
mixture  of  7  pts.  beryl  and  13  pts.  fluorspar  is  digested  at  100°— 200°  C.  with  alwut 
18  pts.  sulphuric  acid,  in  a  leaden  capside  (or  in  a  porcelain  capsule,  especially  if  a 
somewhat  smaller  quantity  of  fluorspar  be  used),  a  large  quantity  of  fluoride  of  silicon 
being  thereby  evolved-  The  mass  is  then  heated  nearly  to  redness  in  a  capacious 
porcelain  crucible,  and  dissolved  in  water  acidulated  with  sulphuric  acid,  and  the 
solution  is  mixed  with  1*7  pts.  sulphate  of  ammonium,  or  an  equivalent  quantity  of 
sulphate  of  potassium,  and  left  to  itself  till  the  greater  part  of  the  alumina  contained  in 
it  has  crystallised  out  in  the  form  of  alum.  To  separate  the  alumina  still  remaining 
in  solution  from  the  glucina,  the  liquid  decanted  from  the  alum-crystals  is  diluted 
with  6  or  8  times  its  volume  of  water,  and  digested  for  two  or  three  days  with  granu- 
lated zinc,  then  heated  with  the  zinc  and  filtered.  The  whole  of  the  alumina  is 
thereby  precipitated  as  basic  sulphate,  while  the  glucina  remains  in  solution,  also  as 
basic  sulphate  (G^O.GPSO*)  together  with  sulphate  of  zinc.  The  greater  part  of  the 
latter  may  be  crystallised  out  as  zinco-potassic  sulphate  by  addition  of  sulphate  of 
potassium  (1-4  pts.  of  that  salt  to  1  pt  of  zinc  dissolved)  ;  the  decanted  liquid  mixed 
with  excess  of  acetiite  of  sodium ;  the  remaining  zinc  precipitated  by  sulphydric  acid ; 
the  filtrate  neutralised  with  ammonia ;  and  the  whole  of  the  glucina  precipitated  by 
sulphide  of  ammonium.  Common  beryl  treated  by  this  process  yields  from  11  to  12*5 
per  cent,  pure  glucina. 

Glucina  is  a  soft,  light,  very  bulky  white  powder,  of  specific  gravity  2967.  It  is 
tasteless  and  adh<»res  to  the  tongue.  It  is  not  hardened  bv  heat  like  alumina,  but 
merely  rendered  loss  soluble  in  acids.  When  very  strongly  heated,  it  volatilises,  like 
magnesia,  without  fusing.  Ebelmen  has  obtained  it  in  hexagonal  pn'sms  by  exposing 
a  solution  of  glucina  in  fused  boraeic  acid  to  a  powerful  and  long-continued  heat  It 
may  bo  more  easily  obtained  in  microscopic  crystals,  apparently  of  the  same  form,  by 
decomposing  the  sulphate  at  a  high  temperature  in  presence  of  sulphate  of  potassium, 
also  by  calcining  the  double  carbonate  of  glucinum  and  ammonium. 

Hydrate.  GHO  or  G'O.IPO. — This  is  the  precipitate  formed  in  glucinum-salta 
by  caustic  alkalis.  It  resembles  trihydrate  of  alummium  when  moist,  but  forms  a 
powder  when  dry.  It  parts  with  its  water  at  a  high  temperature,  but  without 
becoming  incandescent.  It  dissolves  in  caustic  potash  and  soda  like  alumina,  but  in 
precipitated  by  boiling,  when  the  solution  is  diluted  to  a  certain  extent  with  water. 
According  to  Weeren,  it  dissolves  slightly  in  ammonia,  unless  chloride  or  sulphide  of 
ammonium  is  present.  It  absorbs  carbonic  acid  from  the  air,  in  the  dry,  as  well  as  in 
the  moist  state. 

OXiVcnrUM,  OXTOBV-S A.&T8   or.    See  p.  849 ;  also  the  several  Acxoa. 

OUrClJU  UM«  PB08PBZBB  OF.  Glucinum  bums  in  vapour  of  phosphorus, 
forming  a  grey  powder,  which  is  decomposed  by  water,  with  evolution  of  spontaneously 
inflammable  phosphoretted  hydrogen  gas. 

O&VcnnmKf  BB&BWZBB  of.  Produced,  with  vivid  incandescence,  when 
glucinum  is  fused  with  selenium.  It  forms  a  crystalline  brittle  masa^  ^ey  on  the 
fractured  surface ;  is  slowly  dissolved  and  decomposed  by  water ;  but  oxidises  quickly, 
with  separation  of  selenium,  in  contact  with  the  air. 

The  precipitate  formed  by  selenide  of  ammonium  in  solntions  of  glucinum-salt«  is 
probab^  impure  hydrate  of  glucinum  containing  seleniuuL 

O&VCXBlTBCf  SVZtPBZBB  OF.  Formed,  with  vivid  incandescence,  when 
glucinum  is  ignited  in  sulphur  vapour ;  it  is  not  prodvced  by  igniting  glucina  in 


8M         GLUCINUH   TELLURTOE  OF— GLUCOSAX. 


'  t^jit*^  «f  ttrbcm.  It  if  ft  crejr  nateid  wam^  vhich  difisolTo*  almrh  a 
vaTscr.  inlliovt  «f«)lttlion  of  gnlphiuie  Mad,  tad  is  cad^  dMonpond  bj  adiii,  anl^* 
deie  mdd  beu^  tlicii  vvolTBd. 

OMC^raMt  ^B&Si^mzilS  nr.    Pndnnd,  withoQfe  cmiflAaa  of  figH  «]» 
diictnmn  u  be«ted  wixh  teUunam ;  it  u  ft  grey  pO'wdflr,  which  dtitompomm  , 
UB  oooUei  with  the  air,  ftnd  immediately  in  ooMftct  with  w»ter,  giTing  off  t  ' 
ftdd. 


C*H>*0*.— Tb«  aahplnde  of  d«zlzo^iicofte.  I>«[St2«^iieo«0  dani 
betwrea  100^  ftod  110^  C.  ^tos  off  water  ftt  170^,  beommie  ooToured  at  the  wnc  (zb^. 
ftXHi  i*  conttftvd  into  ^Qooon,  mixied,  bowwtr,  with  tmmi  quatitttieA  of  canmti  ud 
■iiftlterBd  i^QooM^  the  Xfttter  reraovftbte  hjjcm^  the  loisier  by  chftPcoaL  GhMOMB  it 
ft  coloBricsi  iBftas,  ae&rcelj  iweet  to  the  tasUu  It  tans  the  pIao«  of  pcdftRMtion  to  ck« 
ngbt^  Mmewhftt  leB»  stro^glj  thui  dexteo-glneoMk  It  doei  ttot  fenncot  immmBtMj 
in  contact  with  jeMt,  bnt  only  nfliir  beug  tnitftd  with  dilQt#  ftiad%  whld^  oasMit  ii 
into  glti<!06«.    (G^liB,  Compt  rand.  h.  SSI.) 

Glucosan  amy  be  regftided  ns  ft  h«zftloniie  ftkohol,  ^oatiining  the  teti^tonde  ift&^ 

C^\  ftfid  nfrnent«d  by  the  fbriniilft^^t^to*;  in  Uuet,  by  tr«fttij«  ghtnm  via 

I  and  with  alMhoi  compound  etben  are  obtftined,  relnted  to  g^nooaui  in  the  ttmm 
*  M  the  mannitftnidee  and  dnkitanidce  (pt  S2I)  m  related  to  mmmitan  tad 
(BeTthelot,  Ann.  Ch.  Fbys,  [3]  Ix.  96  ef  teq.) 

<««f  amAT^,  Bexaeeio^wco»€. — Obtained  by  heating  f^adftl  acetic  acid  with  dexfto- 
gIneoMor  with cftne-migar  to  lOO^C  fot  fifty  bonis;  fianfied  like  the  oorrvupoDding  bs^ 
^rrie  eommnd.  Triihaloae  and  stanih  at  18(1^  C^  and  deatnn  at  looo^  fg^j^  ^|j| 
aoelie  ado,  oompounde  aimilar  to  or  identieal  with  this. 

Aceto-glncoean  is  a  pale  yellow  or  colooiiees  nentnl  oil,  harisg  a  bitter  ta«(a  aad 
Ikint  odour.  It  dLtfolree  ftbnndaittly  in  water,  bat  not  in  all  pro^actioa%  and  it  pr^ 
ointftted  imm  the  eolation  by  dilonde  of  caleimn.  It  is  solnble  in  akchol  and  etVr 
(Bert  he  lot).  It  beoomee  acid  in  contact  with  the  air.  tuntf  brown  wh<>a  heated,  tad 
bans  with  an  odtmr  of  caiameL  It  is  c&rbooiaed  by  oil  of  ritriol ;  eiowly  d«eoaposfd 
by  boiling  with  dilate  snlphurie  add,  into  acetie  acid  and  d«xtn>-glncoeap  vhifib  is 
futher  partly  resolTed  into  humona  tiibstaaees.  With  elcobolic  bydrochlorie  addi  it 
Ibnns  acotato  of  ethyl  and  dextroglncoae.  Afinto-glacosan  reduce* 
tartrate. 

a#fi&0-flac<MM.  C*H^'  ^  {SPW6f  \  0*  «  C^»^  ^  2CHH)»-  2H^. 


Gh^ 


90H  btngmqm  oc  Meiuotque,  DibenttM^Mittim. — Obt  sined  by  heating  hemok  ftod  i 
dextzo-gloeoae  «r  canoHmgar  to  100^  C.  for  fifty  hoorsv  and  porified  like  botyrO' 
oonn.    The  ama  or  a  similar  oompoond  is  produced  by  beating  bencoic  nod  i 
tiehakce  to  IS<P.  or  with  cotton  to  2(H^;  also  at  ordinaTy  tempeimlnres  in  a  i 
of  cotton,  oil  of  Titiiol,  and  bensoic  acid;  in  all  cases,  howerer,  only  ia  smaU  qi 
It  ts  ft  neutral,  femi-flnid  oil.  whidi  prodnoes  greftse-spots  on  paper,  and  has  a  1 
pongent  taste.    It  dissolvei  spsztzi^  in  wateiv  cuil/  ^  akohol  and  ether.     It  1 
witn  an  odour  of  canmel  when  heated;  is  eaibooiscd  byoO  of  TitrioL    With  i 
hydiochlonc  add^  at  a  moderate  hest^  it  yields  benaoate  of  ethyl  and  < 
It  reduces  potaaaio-cnpnc  tartrate. 


C»*H^O' 


-{C*H'0)*lO». 
H-   J 


CWO^^  2C«H»0*-1H*0. 


btit^qite,  Dihuivrim  pimoMi — This  compoond  m  prodnced  from  cane-^iigaiv 
glnoose,  or  trehaloaev  and  in  small  quantity  fhmi  dextrin*  by  heating  with  but^e  i 
Traces  of  the  same  or  a  similar  oompoitod  are  obtuned  when  tofUm  or  pap«  is  heala 
with  oil  of  vitriol  and  butyric  acid.    To  pttpare  it,  bn^iie  scid  is  heated  with  « 
sugar  or  anhydrous  dextro-glucose  to  100^  C.  for  fifty  or  sixty  houia;  the  ma 
eKhansted  with  alcohol,  and  the  solution  filtered  and  eraporated.     The  rteidne 
mixed  with  concentrated  aqneotis  carbonate  of  pot/issiiim,  a  lump  of  csastie  ] 
being  added  to  neatndlse  it  completely :  the  mixture  ia  shaken  np  with  eths. , 
ethereal  layer  is  decolorised  with  animal  ehaitoal ;  and  the  filtrate  in  eraporated  • 
the  water-bath. 

Bntyroglnoosan  is  a  pale  yellow,  Tisdd  oil  which  prodnoes  t 
It  is  neutral,  Tory  bitt^,  with  a  slightly  aromatic  odour;  reteina 
It  disscdves  mringly  in  water,  easily  in  alcohol  and  ether.    It  b 
smitting  an  odour  of  caramsL    It  is  carbonised  by  oil  of  Titnol^  and  reaalTed,  bf  1 
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ing  with  dilute  sulphuric  acid,  into  bntyric  acid  and  dextro-glncose.  "With  alcoholic 
hydrochloric  acid  it  yields  dextro-glucooe  and  butyrate  of  ethyl  From  potausio-cuprio 
tartrate,  it  reduces  cuprous  oxide. 

Btliyl-ffliieoMUi.  C'»H»«0*-(C«H*)«  lo»  -  C*H'»0*  +  2C-H«0  -  2H^.— Pro- 

H*  J 
duced  when  a  mixture  of  cane-sugar,  bromide  of  ethyl,  and  hydrate  of  potassium  is 
heated  in  a  sealed  tube  to  100^  C.  for  several  days,  and  the  product,  when  cold,  is 
treated  with  ether;  ethyl-glucosan  is  thereby  dissolrcd,  and  may  be  obtained  by  eva- 
lx>ration  as  a  colourless  oiL  It  has  a  bitt«r  taste  and  a  faint,  agreeable  odour,  and  is 
not  volatile.  It  is  nearly  insoluble  in  water.  From  the  ethereal  solution  it  is  almost 
completely  precipitated  by  animal  charcoal  (Bert helot).  By  heating  with  dilute 
sulphuric  acid,  it  is  resolved  into  alcohol  and  dextro-glucose.  From  potaasio-cupric 
tartrate  it  reduces  cuprous  oxide. 

GlucoBotartaric  acid,  C^H*^"  (p.  872),  may  be  represented  by  the  formula 
s/^H^OtI^*^*^*^**^^*^'  and  Glucoaocitric  acid,  C«H»»0*«,  by  the  formula 

0&VC08B.  C*H'«0«  or  C>«H«*0'«  — A  species  of  sugar  produced,  by  the  action  of 
acids,  certain  ferments,  and  other  reagents,  and  by  processes  going  on  in  living 
plant**,  from  cane-sugar,  dextrin,  starch,  cellulose,  and  other  carbohvdrates ;  also  by  the 
decomposition  of  glucosides  (p.  866);  also  by  certain  transformations  of  mannite  and 
glycerin,  and  by  the  action  of  sodium-amalgam  on  oxalate  of  ethyl.  There  are  two 
varieties  of  it,  distinguished  by  their  action  on  polarised  light,  viz.  dextroglucoso, 
which  turns  the  plane  of  polarisation  to  the  right;  and  laevoglucose,  which  turns  it 
to  the  left, 

Beztrof  laeosa.  Ordinartf  glucose,  Granular  sugar  (KrumeUucker),  and,  according 
to  its  origin,  Grape-sugar,  Fruit-sugar,  Honey-sugar,  Starch-sugar,  Diabetic  sugar. 
Sugar  of  Urine,  Chestnut-sugar,  Rag-su^ar,  some  of  which  names  are  also  used  to  denote 
glucose  in  general  It  was  first  recognised  as  a  distinct  substance  by  Lowitz  (Crell 
Ann.  1792),  and  Proust  (J.  Phys.  mil  257) ;  first  prepared  from  starch  by  Kirch- 
hoff  (Schw.  J.  xiv.  389);  from  linen  by  Braconnot  (Ann.  Ch.  Phys.  [2]  xil  181). 
Its  combinations  with  bases  have  been  investigated  chiefly  by  Peligot  ibid.  Ixvii 
136)  ;  those  with  organic  acids  by  Berthelot  {ibid.  [3]  liv.  74,  Ix.  9J),  who  has  like- 
wise investigated  its  fermentation  in  contact  with  chalk  and  cheese  {ibid.  1.  322),  and 
its  formation  from  mannite  and  glycerin  {ibid.  I  369).  Our  knowledge  of  glucose  has 
been  further  extended  by  Dubrunfaut  (Ann.  Ch.  Phys.  [2]  liil  73;  [3]  xxi.  169, 
178 ;  Compt  rend.xxiil  38;  xxv.  308;  xxix.  51 ;  xxxil  249;  xlil  228  and  739),  who 
has  eliminated  much  that  does  not  properly  belong  to  it,  and  more  exactly  characterised 
its  properties. 

Occurrence,  a.  In  the  Mineral  kingdom. — Impressions  of  ferns  from  the  clay-elate 
of  Petit-coDur,  in  Savoy,  contain  a  sweet  substance,  which  smells  like  caramel  when 
burnt  on  charcoal,  and  perhaps  consists  of  glucose  (Calloud,  Compt.  rend,  xxxiil 
544).  On  the  alleged  occurrence  of  sugar  or  dextrin  in  vegetable  mould  see  Verdeil 
and  Kisler,  Compt  rend,  xxxrl  97f  and  the  counter-statement  of  Petzholdt  (J.  pr. 
Chim.  Ix.  368.) 

b.  In  the  Vegetable  kingdom. — Dextroglucose  occurs  abundantly  in  sweet  fruits,  fre- 
quently together  with  cane-suffar,  and  always  with  such  a  quantity  of  laevorotatory 
fruit-sugar  that  the  mixture  exhibits  Isvorotatory  power,  and  is  thence  called  in  verted 
sugar  (p.  863).  The  isolated  occurrence  of  dextroglucose  has  been  observed  only  in 
the  following  cases : — 

A  thick  viscid  liquid  which,  in  the  summer  of  1842,  covered  the  upper  surface  of  tfie 
leaves  of  lime-trees,  and  at  certain  times  of  the  day  fell  down  like  rain,  contained  cane- 
sugar  and  dextroglucose  (Biot,  Ann.  Ch.  Phys.  [3]  vil  337;  Langlois,  ibid.  vii. 
348).  Dextroglucose  is  contained  in  the  manna  of  the  ash-tree ;  a  false  manna,  of 
unknown  origin,  was  found  to  contain  a  peculiar  sugar  not  invertible  by  acids,  and 
having  a  molecular  rotatory  power  equal  to  |  of  that  of  cane-sugar ;  perhaps  maltose 
(Biot,  Compt.  rend.  xiv.  49).  Whetner  the  sugar  occurring  in  many  other  parts  of 
plants  should  be  considered  as  dextroglucose,  is  not  yet  decided.  According  to  Buig- 
net's  researches  (p.  712),  cane-sugar  and  inverted  sugar  (which  may  be  regarded  as  a 
peculiar  substance,  at  least  with  reference  to  its  origin),  appear  to  be  the  most  widely 
diffused ;  and  the  imperfectly  investigated  granular  sugar  {KrumeUucker)  of  many 
chemists  appears  to  bo  inverted  sugar,  formed  either  in  the  plant,  or  during  fiie  process 
to  which  it  is  subjected  for  the  extraction  of  the  sugar. 
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In  Ront^. — ^Thifl  Bubstance  contaliui  <auic-€ugftp  (which  is  g»dn&Uj  inrerted  bt 
k»eptng\  inverted  augiirt  uid  aa  excess  of  dextro^ucoaie.  (Dubrunfaut,  CcmpL retKl. 
x^ix.  61.) 

c.  In  the  Animal  bod^* — In  manj  ammal  liquids  and  tissues ;  in  th<^  Urcr,  in  tht 
amxuotie  and  aUnDtoie  iiqmds,  in  the  blood,  in  the  chyle,  in  the  tnuisud«tei^  is  the 
yolk  and  white  of  hens*  cggw.     In  large  quantity^  to  the  amount  of  8  or  l<>  •-  "^  '^»f » 
in  diabetic  urine:  in  unSl  quantity  ftlso  in  the  urine  of  hcaJtby  mt-s: 
Benee  Jonea,  Chem.  Soc.  Qn.  J.  xiv,  22)»     The  urine  of  a  fox  fed  ex 
meat  contained  glucose  (Vintsch^au,  Wlen.  Akad.  Ber.  xlii*  523).     <Jom|H>aiid»  t^/ 
glncose  are  likewise  found  in  the  animal  b&dy.     (Stv  Glucosidiu}*) 

Ffyrmati&n. — Of  dcxtroglucose  and  fomientable  sugars  in  general  isoiacne  tberevrth, 
in  so  far  aa  they  cannot  witli  cnrtninty  be  rcferre<l  to  other  speoie*. 

A*  Jit/  the  tranM/ormaiion  of  Carbo^hifdraieSt  unth  assumption  of  Wat&r.  1,  Glueoeasi 
C*H'*n*  (p.  863),  19  converted  into  dextrogliiGOBe  by  boiling  with  dilate  adds.  (G^li*  i 

2.  Pextrin  i»  eonyerted  into  dextmgiaeQse  by  Ixtilln^  with  dilute  acids  (Biot  fen>l 
Persojc).  Diiuitaae  acta  iu  like  mannc^r^  according  to  Payen  and  Perso2  ;  according  in 
Must!uluEi,  it  doea  not, — 3.  Under  the  isaine  circumstancea,  soluble  starch  and  comunen 
Btarch  arc  converted  into  dexlroglucoBe»  after  they  have  been  previausly  eonTeit«d 
wholly  or  partially  into  dextrin  or  other  intermediate  prodncte.  Dejctrogluei-iee  isilao 
fonuiil  from  starch  by  continued  boilitig  wirh  water»  by  prolonged  contact  with  glutnu 
ealiva,  luiimnl  gf^ltitiUp  the  pancre^itie  juice,  the  substance  of  the  IddneySf  mneeoi 
membraiie,  urine,  bile,  bemcn,  blood-somm ;  and  by  watery  inftisiona,  prepared  at  4G9  C^ 
from  the  heurt,  brain,  Icings,  liver,  kidneys,  0pleen,  and  musdoB.  (Bee  Ghhteiim's  H«mi- 
hicK  viii*  m  21.) 

4.  Git/toffffi  is  convert chI  into  dcxtroglucose  under  the  same  cirtcnmstances  ws  stat^h. 

6.  In  like  manner,  lichen  in  and  paramtflone  are  converted  into  glucose  by  boiling 
with  acids- 

6.  OlhtJoge  trentcd  with  strong  sulphuric  or  hydrochloric  add  (i,  819),  oraeoAOfO- 
tmted  aqueous  f^olntion  of  chloride  of  einc,  yields  products  which  are  converted  ijMd 
glui»t>se  when  their  aqueous  eiolutton  is  Iwiled  with  water.  Qlucose  is  likewise  prodoeed 
in  the  decommsitiun  of  lit/No$ulphat£  of  kud,  and  by  the  action  of  alkalis  oo  pyrofyka^ 
But  it  is  dun  fitful  also  wh<*ther  this  sugar  sbonld  be  regarded  as  dextrt^liic^.  At* 
conliug  ro  lieeharap  (Ann.  Ck  Phys.  [3]  xlviii.  602 K  it  yields,  when  treatfd  with 
aloohul,  two  sorts  of  crystals,  one  having  the  hardness  of  cane-sugar,  the  othen  re^ 
sembling  dextroglucoflc. 

The  skin  of  the  silk-wonn»  and  that  which  reraalns  in  the  cocoons  when  the  b«tl« 
flics  escape,  are  capable  of  yielding  a  su^wtance  isoroeric  with  celhilo!*e,  which  migrl 
convertea  into  glucose.  When  the  caterpillars  are  boile<l  for  sercral  hours  with  alar- 
hydrochloric  acid,  and  this  treatment  is  ropcated  three  timca  with  the  reaidne,  and  1 
residue  is  washed  with  strong  potash-lev,  then  with  water,  and  dried  between  lOO^i 
and  110**  C,  a  white  light  substance  nearly  firee  from  nitrogen  is  obtaiQcd,  which  g?i*l 
dually  diflfiises  in  oil  of  vitriol,  foraiing  a  colourlews  gummy  liquid.  This  »oiatiti]i^  I 
added  by  small  quantities  to  boiling  water,  and  boiled  fgr  an  hour  or  two,  yields  lrr»J 
meutable  sugar,  whieli  reuets,  like  glucose,  with  common  salt  and  potaa»io-eii|inc| 
tartrate.     (De  Luc  a,  Compt  rend.  Hii,  102.)  1 

7.  2\imcin  is  decomposed  by  sulphuric  acid,  under  the  same  circumstances  aa  eellap*-] 
lose,  into  dextrogluco«»e  and  a  second  substance,  " 

a.  Malttisf,  vifhritosf,  trehal^e  and  viycosf,  are  completely  converted  into  dextr^- 
glucose  by  boiling  with  dilute  acids. 

B.  Anolht^r  class  of  compounds  yield  by  their  decomposition  dextroglaooM  and 
auothiT  product.  This  latter  body  is  either  isomeric  with  glucose:  thus  malitcstfi 
is  resolved,  by  dilute  acids,  yeast,  and  other  bodies,  into  dextroglueose  and  coealiiifl 
cane-sugar  into  doxtro-  and  li^voglucose ; — or  it  Indongs  to  the  cla^  of  non-iSfCoha*  1 
rtue  bodies!,  in  which  caso  the  compound  whidi  jields  this  second  product  and  d«xt20«i 
glucose  belon^6  to  the  class  of  Glucosidrs  (p,  866),  I 

C.  Ill  the  dee»3m  posit  ion  of  dulcite  (C*H"0*)  by  nitric  acid,  there  is  formed,  amoQgi^^j 
other  products,  n  sugar,  C*H'K>*,  which  reacts  with  alkalis^  potaAsio^mpric  tartrate  j 
basic  nitmte  of  biftmuth,  and  indigo,  in  the  aame  manner  as  dextroglueosvw  (Carleti  ' 
Compt,  rend,  li,  137*)  j 

J),  From   Oxalatu  cf  Elht/L — When   this  compnuud   ia   brought  in  contact  with 
sodium-amalgam  at  low  temperatures,  and  the  ppotiu*zt  is  agitata?*!  with  ether,  a  soJn«  J 
tiun  h  obtained  from  which  a  greasy  mass  separates  on  addition  of  water.     TUii 
is  a  mixturu  of  oxalate  of  sodium,    another  aodium-salt,  and   fermentable 
(Lowig,  X  pr.  Chcm.  bixxiii.  133.) 

E.  From  MunniU  or  GbfCfrin. — When  a  modemtely  concentrated  aqueous  aolutioa 
of  manuite,  dulcite,  or  glycerin,  is  left  for  wme  time  in  contact  wilh  llic  testicles  oC 
man,  or  of  Ihe  horse,  dog,  or  cocJt,  u  peculiar  feruientable  f ugar  is  produced,  the  fona* 
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iition  of  wliidi  Ukewiso  takes  plucp  in  certain  cnjies,  wh^n.  Instead  of  the  tc^stlcK 
immnun^  casein,  tibrin,  gielatin*  or  the  tissue?  of  the  kidni?ya  or  pttQcreas,  is  exnplovwdi 
(Bt^rtliflor,  Ann.  Ck  Phjs.  [3]  1.  369.) 

When  to  a  &3lution  of  manniK'  or  glycrerm  in  10  pts.  water  tber^i  is  added  snoh  & 
quiiutity  of  comminuted  teatiele  that  iU*  dried  subutunce  amounts  to  jij  of  the  inan- 
iiit*\  and  the  mixtnre,  contained  in  an  opeti  fliitik^  ia  cx^)OBed  to  dinas«d  diijH^ht 
hetwt*fn  lU^  and  20°  C*  the  liquid,  iiiler  an  interval  Taryiug  from  a  week  to  tbroe 
inoiithH,  IK  found  to  contain  (without  the  occurrence  of  putreiiction,  which,  indcod,  is 
incompatible  with  the  success  of  the  expenm«''nt)  a  ffubetaace  which  reduces  cupric 
tftrtriite.  The  t<?«ticnlar  tissue,  if  separated  at  this  time  from  the  liquid  by  decantat  Jou 
and  thorough  washings  then  agiiin  introduced  tinder  aimiliir  circumstances  into  a  hoIu- 
tiim  of  mimnite  or  glycerin,  prodaeea  tberein,  in  the  course  of  a  few  weeks,  a  couBidor- 
abk*  quantity  of  sTigftr.  Thia  sugar  is  formed,  aometimas  in  extremely  Nmall,  Bomctimefi 
in  larger,  quantity,  amounting  to  ^  of  the  mannite  or  glycerin,  and  is  partly  further 
idtf  n-d  dunng  the  Dp^ration,  It  is  not  fonned  by  the  substance  of  the  testicle,  inas- 
much as  thm  substance  is  recovered  for  the  most  part  unaltered,  and  gives  up  to  the 
liquid,  chi(^^y  salts  and  albuminous  »ubfit antes,  amounting  to  l<!fis  than  the  weight  of 
the  ^ugHT.  -  Thfl  wiigar  is  probably  kevo-rotatory.  It  ii  deliquescent,  uncryatidiiiMible, 
and  cannot  be  Mparatcd  from  tho  glycerin.  It  is  apt  to  alter  during  the  evaporation 
of  it«  solution,  is  turned  brown  by  atkalis,  caaiJy  fermeoted  by  yeaat,  and  rn^duccs 
potassio'Cupric  tartrate.  It  i«  very  soluble*  in  water,  alcohol,  and  glycerin,  and  slightly 
predpi table  by  ammooiacal  BFUgar  of  lead.  (Berth ©lot).  On  the  formation  of  sugar 
in  the  mu.*^ck'S  andltmga  of  tho  festal  cal^  see  Gittelin'a  HandLuch,  yiii  [2]  4&U. 

Prf^aratityn. — 1.  Fr&m  ths  Juice  of  tfarioua  l-inds  of  fntit^  fipeeiaUt/  6f  Grapes.^^ 
Tho  juice  is  boiled  and  §kimmed  ;  the  free  acid  is  neutralised  with  chalk  or  marble; 
and  the  liquid  ia  concentrated  to  ©ne-half,  clarified  by  depoaition  and  decanlation,  or 
further  with  white  of  egg,  and  evaporated  to  a  ftyrup,  not  too  thick.  From  this  tho 
grape-sugar  separates  after  some  weeks^  and  is  purified  by  repeated  Jiolution  in  water 
and  crystalHsation. 

2.  From  H&nei/,~'l.  White  granular  honey  is  diffused  in  ^  pt  of  cold  strong  alcohol, 
which  disiolres  the  more  soluble  lieTOiglucoie,  and  leaTei  the  dextroglucoao  for  tho 
most  part  undissolved ;  the  solution  ia  iepenited  firom  the  lediment  after  a  few  hours ; 
the  iiediment  strongly  pressed;  the  residue  affaiii  tritiipat«d  witJi  ^  pt.  alcohol ;  again 
pressed,  and  the  undissolved  portion  is  purified  by  aolutton  in  water  and  crystallisation 
(Braconnot,  Bull.  Pbarm.  iii.  260.)  A  Bimilajf  process  is  followed  by  Proust,  also 
byCaTeaialli(Scher.  J.  vii.  714X  andTrommsdorff  (N.  Tr.  ix.  1,  287).— 2.  Si»^lo 
spreads  gruitular  honey  on  dry  porous  bricks^  whereby  the  liquid  portion  is  absorbed, 
leaving,  after  a  few  days,  a  granidar  re^^idue,  which  is  reaystalliHed  from  warm  aleobol 
with  help  of  animal  cbarcoiil  (J.  pr.  Cbem.  btix.  148).  The  dextroglucose  obtained 
by  either  of  these  processes  will  be  contaminated  with  cane-sugar,  if  the  honey  con- 
tained that  substance. 

3.  Fr&in  Starch  hff  the  action  of  dilute  Sulphuric  acid. — 1  pt*  of  starch  is  boiled 
with  4  pts.  water,  and  a  quflntity  of  oil  of  vitriol  weighing  from  ^  to  X  as  much  as 
the  ston^  the  liquid  being  stirreil  and  the  water  continually  n^newod  till  the  liquid  is 
no  longer  precipitated  by  alcohol.  To  bring  it  to  this  »iAU%  the  boiling  mu&t  be  con- 
tinued for  a  longer  time  in  proportion  as  less  sulphuric  acid  haa  been  osed;  with  the 
ftbove  proportions,  from  6  to  36  hours'  boiling  is  required.  The  dextroglncose  then 
eODtained  in  the  solution  is  separated  and  purified  in  the  same  manner  as  tliat  from 
grape-juice  (K  ircbhoff ).  In  preparmg  starch-sugar  on  the  kirge  scale,  the  ebulbtion 
is  produced  by  passing  over-heated  steam  into  the  mixture  contained  in  closed  casks. 
Wheu  starch  U  tH>iled  ^-ith  water  and  2  per  cent,  oil  of  vitriol,  the  liquid  being  evaj^o- 
ratetl  uflej*  6  or  7  houm,  at  which  time  it  is  no  longer  precipitated  by  alcohol,  an  un- 
cryslallt sable  »3rrup  \s  obtained  It  is  only  after  longer  IjoiJing  that  the  whole  of  the 
dissiolved  matter  is  converted  into  dextro'erlucose,  part  ot  which  moreorer  undergnes 
further  alter.ition,  so  that  tho  liquid  doen  not  easily  yield  crj'Muls  by  ovaporution 
(An  tho n,  Dingb  pol.  J.  cE  218).  After  the  siilphuric  acid  hai»  l>e«n  neutralised  by 
chalk,  a  «mall  quantity  of  acetic  acid  mu«t  be  added  before  boibug  the  liquid,  since  an 
excess  of  lime  leads  to  the  fomiatioD  of  bitter  products  of  decomposition-  (Pulyt,  Centr. 
1854,  p,  252.) 

4.  From  Search,  by  the  aeii&n  of  Gluten^  Malt,  or  Diastttae* — 2  pts.  of  starch  well 
mixed  by  stiiring  with  4  pta.  <rf  cold  water  are  difln^ed  in  20  pts.  of  boiling  water, 

I  and  the  paste  thus  formed  is  digested  ior  eight  hours  at  60^  to  70^  C.  with  I  pt.  of 

I  dried  a; 

I  extnicti 

^^      tion  yic 
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dried  ancC  pidverised  wheat-gluten.  From  the  syrup  obtained  by  evaporotioij,  alcohol 
extracts  the  sugar,  leaving  the  starch  which  is  still  but  slightly  altered,  and  the  solu- 
tion yields  the  sugar  by  craporation. 

*  Tlie  prodooc  thus  obuincd  U  j>trbapt  aot  dexirogliieoic,  (mt  nulloM  <f  *  t*) 
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100  pt«.  of  Bt&rdi  are  sof^pMidcd  in  400  pts.  of  cold  water ;  the  mixture  »  xwured  mt9 
*iDOO  pt«.  <7f  boiliDg  wat4>r,  and  aft(?ribe  whole  hji9  eool«dto  65^0.,  3  pts.  of  dia«t«ae 
di8«olTKi  in  20  ptB.  of  eold  water  an"  added.  The  miifl8,  which  in  a  few  minute* 
beeomMl  pwtfectly  tinid,  la  kept  for  2|  hours  at  a  t^mperaturp  between  60*^  and  65*^  C; 
ent»onrted  aa  quieklj  as  poniUe  at  60°,  or  better  m  rarno,  to  34^  Bm.,  and  left  to 
itself  for  some  day»  in  shallow  vessels*  By  treating  the  sjnijp,  which  i«  &ometim«* 
eryFtAllinc,  with  a](M>bol  of  96  per  cenL^  at  a  tempf-rature  of  75*^  C.,  co*iling  the  «>ltttir.n 
ont  ot  contact  of  tiir,  filtering,  reducing  the  filtrato  to  a  syntp  by  di'*»i*  'tir.»,  r^^id  oon- 
ctmtration^  and  Ipaving  the  synip  to  itself  m  vacno,  crj-stala  are  o1  ch  nuiy 

be  puriilod  by  preaaure,  renewed  trt'tttment  with  ah-ohol,  and  retr  an  fttjin 

4  pta.  water  at  6a^,  vrtth  help  of  mumal  chafcoaL    The  diaataae  may  be  aeooomieally 
replaced  by  18  times  the  quantity  of  malt.     (On  Arin-Varry.) 

6,  From  Linen. — (See  i.  819.)  To  12  pta.  of  linen  purified  as  completely  aa  poaaiW 
by  treatment,  fint  with  potaah-ley,  then  with  water,  and  dried,  17  pta.  oil  of  vitBoI 
are  very  slowly  added,  so  that  no  heating  mar  take  place ;  the  maiaa  is  kneaded  to> 
getheir,  left  to  itself  for  24  honrs.  then  dlssolTed  in  a  my  lazge  qtiantity  of  wat«r ;  Clur 
solution  is  boilM  for  10  hours ;  the  acid  is  flatomted  with  chalk ;  the  liquid  is  filtend 
and  evaporated;  and  the  glnco*e  which  separat^^  after  some  diiys  is  purified  by  reoyv* 
tallisation  (Braconnot)*  Vogel  uses  enilphuric  acid  of  sp.  fz^.  1-8,  which  bladm 
the  linen  less  thsin  the  ntrongest  acid,  and  leayes  the  mass  to  itself  tot  two  days. 

6.  Frtim  tkt  Urine  of  diamtic  patients. — The  nrstahi  obtained  by  erapontinir  the 
urine  are  preyed  (after  betn^  sepftrated  from  the  chlGndeH>f-aodiiim  compound  of 
glucose)  and  purified  by  cnf'stAlIisation  from  l>oiling  alcohol  (Chevreul),  or  by  digest 
tion  with  cold  ali'ohol  and  gubisoquent  recrystalliAfition  (Prout).  Addition  of  eUur 
to  the  alcoholic  t;olutioD  favours  the  crystallisation  (Peligot,  HiinefeldX  Tlie 
urine  is  erapomted  to  a  syrup  on  the  water-hath;  the  residue  exhausted  with  alcohol; 
the  tincture  precipitated  with  basic  acetate  of  lead;  the  lead  separated  firom  the  filtrate 
by  sulphuretted  hydrogen ;  and  the  clear  liquid  evaporated  to  a  syrup  and  alloved  to 
jfttind  till  it  deposits  crystals  (Hun  of  eld,  X  pr.  Chera.  viii,  660  )v  Frequ^'atly 
nothing  but  crystals  of  the  cblori<le-of-sodinm  compound  of  glueose  are  obuuned  od 
evaporating  diabetio  urine,    (Lehmann,  GmdifCt  Handbook,  viiL  [3]  568.) 

Prifperik*. — ^Dextroglnoose  ftejpajates  from  its  aqueous  solution  by  slow  «ivifN>ntion 
in  white,  opaque,  granular,  hemispherical  or  cauliilower-sbAped  maMoa,  ooosisting  of  a 
hydrate  C*tt'*0'.H*0 ;  but  from  alcohol  of  96  per  cent  or  upwardsi,  it  nepanUes  in 
anhydrous,  microscopic,  eharply-defined  needles,  which  melt  at  140°  C.  to  a  colourlew, 
transparent  mass  (O.  Schmidt,  Dissertation  Uf>rr  IVanlt^nrn^^ker^  GKittinj^en,  1861V 
These  anhydrous  ci^'stjils  sire,  honrever,  frequently  mixed  with  small  portioDs  of  th» 
hydrate.  Anliydrous  glucose  is  also  obtained  as  a  white  powder  by  heating  the  bydntit 
to  65^  or  60°  C.  in  a  stream  of  dry  air^  and  sa  a  fused  transparent  mass  by  heatiig 
the  hydrate  to  100"^. 

Dextroglucose  is  much  less  soluble  in  water  than  cane-sugar,  requiring  fisf  tola 
1}  times  its  weight  of  cold  water;  in  boiling  water  it  dissolrea  in  all  ptopottia 
forming  a  svru^  which  has  a  very  sweet  taste,  but  is  not  so  ropy  as  the  syrup  of  cai 
sugar.  Pulverised  glocoae  placed  on  the  tongue  produces  a  pungent  and  mealy  taste, 
becoming  slightly  saccharine  as  the  substance  dissolves,  2 J  pts.  glucose  according  lo 
Prout,  2  pts.  according  to  Diihrunfiiut,  sweeten  as  much  as  1  pt^  of  cane-sugar. 

The  following  Uble,  cakulatod  by  Pohl  (Wien.  Akud.  Ber.  xi.  664),  &om  detarm' 
tions  by  Graham,  Hofmann,  and  Redwood,  exhibits  the  quantiti^  of  anhydrous  ^n 
contained  in  aqueous  solutions  of  different  specific  gravity: 
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Doxtr«i -glucose  is  also  less  soluble  than  cane-sugar  in  atiiohtd:  the  solution,  *tatu- 
rateil  at  the  boiling  heat,  deposits  cryst^s  which  retain  a  portion  of  alcohol  with  cou- 
sidemble  force. 

The  molecular  rotatory  power  of  anhydrous  glucose  (C?Tl»-0*),  for  the  transitirvn-tint 
(see  LiouT,  roLAEiSRD),  is  [a]  =  +63*2«*  (Dubrunfaul),  67'44^  (Bi^rhaiup), 
66*15^  (Pasteur);  for  the  monohydrate  (C'-H"0'.H*0),  [a]  =-  +48°  fDubrup- 
f  0  u  t),  63'03  (B4  champ).  A  freshly  prepared  solution  of  Jiyorated  glucose  (also  of  the 
cryhtalfl  of  anhydrous  glucose  obtained  from  sb»olute  alc^^hol,  or  of  dehydmted  gluccs* 
prepared  without  fusion)  shows  a  rotatory  power  equal  to  twice  the  above;  bat  tl 
grodoally  sinks  to  this  point  and  then  remains  constant;  but  if  tli»  glaooM  haa  tcra 
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dehydratod  by  fusion,  its  solution,  even  when  freshly  prepared,  possesses  the  samo 
rotatory  power  as  that  acquired  by  a  solution  of  the  crystals  after  long  standing. 
Dubrunfaut  distinguished  the  glucose  contained  in  a  freshly-prepared  solution  as  glu/' 
cose  biroiataire.  The  solution  of  the  crystals  in  wood-spirit  retains  its  rotatory  power 
for  a  longer  time  than  the  aqueous  solution. 

Decompositions. — 1.  When  dextroglucose  dried  at  110°  C.  is  heated  to  170°,  it 
gives  off  one  at.  water,  and  is  converted  into  glucosan,  C*H'*0' (G^lis,  p.  854). 
When  heated  for  a  long  time  to  150°,  it  turns  brown,  and  is  then  hygroscopic  after 
cooling  (O.  Schmidt).  Between  210°  and  220°  C,  it  swells  up  more  t^n  cane-sugar, 
gives  off  a  larger  quantity  of  water,  and  yields  caramel  (Peligot).  The  products 
formed  at  high  temperatures  are  similar  to  those  obtained  from  cane-sugar  (i.  747), 
but  are  somewhat  more  fusible,  more  easily  soluble  in  water,  and  less  soluble  in  alcohol. 

2.  Glucose  froths  up  in  the  open  fire,  evolves  a  smell  of  burned  sugar,  and  bums 
away  with  flame. 

3.  When  oxygen  is  passed  over  glucose  mixed  with  spongy  platinum,  formation  of 
water  and  carbonic  anhydride  commences  between  140°  and  150°  C,  and  at  250°  the 
glucose  is  completely  decomposed  (Reiset  and  Millon,  Ann.  Ch.  Phys.  [3]  viii. 
258).  Aqueous  glucose  in  contact  with  platinum-sponge  does  not  absorb  oxygen; 
but,  if  potash-ley  is  also  added,  it  becomes  heated,  and  is  oxidised  to  carbonic  anhydride 
and  water  (Dobereiner).  It  yields  formic  acid  when  heated  with  chromic  acid  and 
sulphuric  acid,  or  with  peroxide  of  manganese  and  sulphuric  acid  (Hiinefeld\ 
Aqueous  glucose  does  not  alter  acid  chromate  of  potassium  when  heated  with  it 
(Reich).  By  distilling  1  pt  glucose  with  1  pt.  oil  of  vitriol,  1  pt  peroxide  of  man- 
ganese, and  30  pts.  water,  a  distillate  is  obtained  which  exhibits  the  reactions  of 
aldehyde,  and  possesses  also  the  smell  of  acrolein  (Lie big).  Glucose  is  not  altered 
by  boiling  with  peroxide  of  manganese  alone  (Sturenberg),  neither  is  it  altered  by 
permanganate  of  potassium  (Monier).  It  takes  fire  when  triturated  with  6  pts. 
peroxide  of  lead  (Bottger).  On  adding  small  quantities  of  glucose  to  a  boiling  pulp 
of  peroxide  of  lead  and  water,  carbonate  and  formate  of  lead  are  obtained  :  CW^O*  + 
8Pb«0«  «  4CHPbO«  +  2Pb«C0"  +  4Pb20  +  4H«0.    (Sturenberg.) 

4.  Dextroglucose  behaves  like  milk-sugar  when  its  aqueous  solution  is  heated,  that 
is  to  say,  it  turns  yellow,  and  finally  dark  brown,  and,  if  afterwards  left  to  evaporate, 
leaves  an  acid  deliquescent  syrup,  which  does  not  crystallise,  even  after  several  months 
(Hoppe,  Chem.  Centr.,  1860,  p.  54).  The  rotatory  power  of  the  aqueous  solution 
does  not  alter  by  standing  for  ten  months  (M  aumene,  Compt.  rend,  xxxix.  910).  A 
concentrated  aqueous  solution  becomes  yellow  when  heated  in  a  chloride-of-sodium 
bath,  but  its  rotatory  power  is  scarcely  altered  in  40  to  80  hours.    (Soubeiran.) 

5.  Its  aqueous  solution,  mixed  with  1  at.  acid  carbonate  of  potassium,  and  then 
with  1  at.  iodine^  and  warmed,  yields  iodoform.    (Millon.) 

6.  Heated  in  a  sealed  tube  with  bromine  in  presence  of  water,  it  yields  hydro- 
broraic  acid,  a  dark-brown  liquid,  and  humus-like  products.  (Barth  and  Hlasiwetz.) 

7.  Chlorine  converts  glucose  into  a  brown  or  black  mass  containing  caramelin, 
i.  748  (Maumen^).  Stannic  chloride  acts  upon  glucose  in  the  same  way  as  upon 
cane-sugar,  converting  it  into  Maumen^'s  caramelin  (i.  749). 

8.  Fuming  nitric  acid  converts  glucose  into  nitro-glucose  (Flores  Domont^  and 
Menard).  When  heated  with  common,  or  moderately  diluted  nitric  acid,  glucose 
yiehls  saccharic  acid  (Heintz)  and  oxalic  acid,  but  no  tartaric  acid.    (Liebig.) 

9.  By  heating  glucose  with  syrupy  2iCmQOMs  phosphoric  acid  to  140°,  a  small  quan- 
tity of  a  saccharide  is  obtained.    (Bert helot.) 

10.  Glucose  dissolves  without  coloration  when  triturated  with  cold  oil  of  vitriol^ 
forming  glucoso-sulphuric  acid.  This  reaction  distinguishes  glucose  firom  cane-sugar, 
which  is  (quickly  blackened  by  oil  of  vitriol  It  chars  when  gently  heated  with  4j)t8. 
oil  of  vitnol  and  evolves  carbonic  oxide  and  carbonic  anhydride  (FilholJ.  When 
glucose  is  boiled  with  dilute  sulphuric  acid,  the  liquid  becomes  brown  ana  yields  a 
deposit  of  ulmin  and  ulmic  acid ;  when  air  has  access,  formic  acid  is  also  produced. 
(Malajfuti,  Ann.  Ch.  Phys.  liv.  417.) 

1 1 .  Slucose  long  boiled  with  hydrochloric  acid  becomes  unfermentable.   (Bodeker.) 

12.  When  heated  with  aqueous  iodic  acid,  it  is  slowly  decomposed  into  carbonic 
anhydride  and  water.     (Millon.) 

13.  IVlixed  with  water  and  an  equal  quantity  of  arsenic  acid,  and  exposed  to  the 
sun,  it  becomes  red  or  brown  after  three  or  four  days.    (Bottger.) 

14.  Hon ey  behaves  with  oxalic  acid  in  the  same  way  as  cane-sugar.    (Dobereiner.) 
16.  The  rotatory  power  of  aqueous  glucose  is  but  very  slightly  altered  by  long 

heating  i n  a  chloride-of-sodium  bath  with  ac( tic  acid.   (Soubeiran.) 

16.  By  heating  dextroglucose  with  organic  acids,  compounds  are  formed,  with 
elimination  of  water,  whiph  belong  to  the  class  of  Saccharides,  and  no  longer  possess 
the  properties  of  the  acid  and  of  sugar,  but  are  capable  of  breaking  up  again,  by 
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ttesiraHating;  miter,  int«  the  acid  and  dexlrof^lucos«  (Bert helot).     Bee  Glucosipm 
and  Sacchaudks. 

17.  Gaseous  ammonia  passed  orpr  dpxtroglactxje  heat«d  uiawftt4vr*bath.  r,r  »,.  i  ii>c 
i»  rapidly  iibaorln^'d  ;  water  holding  Girl>t:matft  of  ammonintn  in  solutioti  di- 

white  a  brown  tAst4jlt>8s  nitrogt nous  roeiduc  is  leil.    (P.  Thenard,  Rep.   i 

isei,  p.  200 

18.  Glucose  it  decompoaed  hj  long  c^nto^t  with  alkali*,  ali^aline  ^rikB,  and 
Bonie  metallic  wfr/'-Jt,  forming  glucic  acid  (Peligot).  Whoa  it  is  hettied  with 
jioea^k4ff,  tho  BoluHon  becomes  dark  brown,  evokes  a  smell  of  caramel,  and  contauut, 
besides  glucie  ucid,  Peligot's  m  e  I  a  s  a  i  e  a  c  i  d. 

lU*  A  thick  syrup  of  gluooee  distilled  with  lime  yields  an  oil  fiwmwbitih  metaec- 
to  n«j  and  phorono  eao  be  obtained  by  fractional  dlstilljition.  (Li&a-Bodnrt^  Aim. 
Ch.  Pharm.  c.  354.) 

20.  Atiueous  plucose  heated  with  nitrate  of  harium  to  180**  (X  for  48  houn  in  a 
sealed  tube,  yields  a  body  which  is  insoluble  in  wat«r^  and  contsins  a  small  quantity  of 
nitrogen,  while  an  ucid  colourless  sohition  remain6»  which  qtucklj  beconies  colooTKi  gn 
t:zpo«nre  to  the  air*  and  contains  neither  nitric  acid  nor  ammonia,  but  erolrcs  a  Iwig* 
quantity  of  ammonia  when  fused  ui  a  red  heat  with  hydrate  of  barium.  (P.  Thinard, 
BulL  Soc.  Chirn.,  IfiGl,  p.  01.) 

21*  By  heatiD^?  aqueous  glucose  with  aqueous  carbonate  of  aodinm  and  (nutie  niinUi 
ofhhmuth,  H  black-brown  liquid  and  greyish -brown  prcci{)itate  arc  obtained  (Bottger. 
Jahrb.  pr.  Pharm.  xxii.  29).  Glucose  c«u  be  detected  in  cane-sugar  or  in  urine  by 
this  resction.     (Bottger,  J.  pr.  Chcm.  Ixx  432.) 

22.  Crystallised  glucose,  erupnmted  with  excess  of  oxi^^  of  tfodt  loaea  11*H  pctj 
cent.  (10-4  per  cent,  according  to  Gulrin-Varry)  of  its  weight*  but  the  w«d«e  " 
brown,  and  smells  of  burnt  sugar  (Be rz el i  us).    A  mixture  of  crystaJliaed  glucot*  i 
oxide  of  lead  loses  in  weight  28  per  cent  at  110^  C,  thn  sugar  being  conreited  i 
melaasic  acid.     (Peligot) 

23.  Ferric  iulphate  and  chloride  are  reduced  to  ferrous  aalta  by  boiling  with  aqu 
glucose  (Hlinefeld^  J.  pr.  Ghem.  vii.  44).     Ferric  hydrate  is  reduced  in  the 
still  more  eauily  on  >»otlinjj  (Ku  hi  mann^  Compt,  ren<l  xlir,  267).     An  aqtUToua  i 
ture  of  6  pts.  tiirtaric  aciii  24u  pta.  crystallised  e«Hx>nate  of  sodiuni,  and  6  or  $  ] 
crj'stalliiied  ferric  chloride,  if  heatnd  to  boiling,  filtered  hot,  and  then  mix«d  i 
glucose,  becomes  darker  coloured,  and  depoaita  a  precipitate  containing  fertv>ua  < 
(LowenthaU  J.  pr.  Chcm.  IxxiiL  71.) 

24.  A  concentrated  solution  of  glncoi^e  mixod  with  nitratt  of  cohult  and  a  i^a 
ooantity  of  fused  caustic  pota.sh»  remaini*  clear  on  boilings  or,  if  rery  concentrate 
oepoeitfi  a  light-brown  precipitate  (Reich).     The  presence  of  ghiro§e  in  a  solutiofll 
of  eane-eugar  prevents  the  prodirction  of  the  violet-blue  precipitate,   which   tsola 
tions  of  pure  cane-sugar  give  with  solutions  of  cobalt  and  potash.     (Retcb,  J. 
Chera.  xliii  72.) 

2&,  An  aqueoua  solution  of  ^ucose  mixed  with  patask-leift  and  then  witii  Miricnl- 
pkate,  diasolTeB  the  cupric  hydrate  which  separatee  at  first  with  a  deep  blue  toloat^  i 
depoeita  euprons  oxide  after  some  time  in  the  cold,  immediately  if  heated.   The  pioda 
fion  of  tluB  precipitate  makes  it  possible  to  det-eet  and  distinguish  ^^^^  pL  gin 
from  eane>eugar,  starch,  or  gum ;  by  the  reddish  coloration  of  the  solution,  |";aguai 
glucose  can  be  detected  (Trommer,  Ann.  Ch.  Pharm.  xxxix.  361).     Undi?r  the  < 
conditions,   1  at.  glucose  reduces   5  aL  cuprous  oxide  (formed  from   10  at«  cup 
oxide)  from  a  solution  of  cupric  sulphiite  mixed  with  a  sufficient  quantity  of 
acid  and  then  with  potash :  a  solution  usually  called  pot assio-tart rate  of  copper, 
similar  reduction  takes  place  when  citpric  acftatc  is  boiled  with  a  solution  of  t^iueooes 
cuprous  hydrate  is  then  deposited,  acetic  acid  is  given  off,  and  the  solution  retains  r 
copper  salt  which  has  not  yet  been  examined.    Nitrate  of  copper  ia  not  reduced  1 
glucofse. 

26.  MercHrouM  nitratt  ia  not  altered  by  aqueous  glucose  at  100^  C.    (B  a  am  ana.) 

27.  Glucose  throws  down  metallic  silver  from  aqueous  ni trots  vf  itiJwr,  as  a  " 
precipitate,  on  boiling;  from  aqueous  am monio- nitrate  of  sUver,  as  a  dirty-grey  pn 
fate  (Baumann).    Ammoniacal  glucose  throws  down  silver  as  a  metallic  mirror  ftai 
aqueous  silver-ealiK.  in  the  cold  or  when  heated  (Liebig).     The  metiU  is  dao  t*p 
rated  whf-n  a  mixed  solution  of  nitrate  of  silver  and  glucose  is  allowed  to  stand  (br  1 
days  (Sch wertfeger,  Jahrb.  pr.  Pharm.  vii.  292).     A  solution  of  glucoae,  mixed  wil 
carbonat*  of  sodium,  or  with  potauh-lev,  reduces  chloride  of  silver  U>  the  metAllie  staU 
on  lioding ;  it  rodiices  carbonate  of  silver  even  at  66<»— 70°  (Sch iff,  Ana,  Cb.  Pha 
cix.  68).  On  heating  glucose  with  oxide  of  silver  and  potAsh-ley,  oxab'e  acid  ia  f 
(Liebig,  iNd.  cxiiL  12.) 

28.  Glucose  is  not  changed  by  cbiillition  with  aqueous p^'iiiccAicrfVilf.  (Baamaaa.) 
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29.  If  solution  of  glucose  mixed  witli  Indigo^  or  with  solution  of  indigo,  is  boiled, 
and  carbonate  of  sodium  dropped  in,  the  liquid  is  decolorised  by  the  conversion  of  the 
indigo-blue  into  indigo- white.     (E.  Mulder,  N.  Br.  Arch.  xcv.  268.) 

30.  An  aqueous  solution  of  1  pt.  ferricyanide  of  'potassium  {red  pmssiate)  mixed 
with  ^  pt.  hydrate  of  potassium,  and  heated  to  60°  or  80°  C,  is  decolorised  when  aqueous 
glucose  is  dropped  in.  Inverted  sugar  behaves  in  the  same  way,  but  cane-sugar  and 
dextrin  prepared  by  roasting  (the  Utter  not  even  after  being  boiled  for  a  short  time 
with  acios)  do  not  decolorise  the  solution.  100  c.c.  of  a  solution  containing  in  that 
bulk  10*98  grms.  ferricyanide  and  5^grms.  hydrate  of  potassium,  is  decolorised  by  the 
inverted  sugar  formed  from  1  gmu  of  cane  sugar.  (Gen tele,  Dingl.  poL  J.  clii.  68; 
Jahresb.  d.  Chem.  1859,  698.^ 

31.  Dextroglucose  is  capable  of  undergoing  vinous  ftTmentation  (p.  729).  It  is  not 
thereby  first  converted  into  another  kind  of  sugar,  certainly  not  into  Isevoglucose ;  for 
the  liquid  has,  at  every  stage  of  the  process,  a  dextro-rotatory  power  proportional  to 
the  quantity  of  glucose  contained  in  it,  and  yields  crystals  of  dextroglucose  by  evapo- 
ration. (Ventzke,  J.  pr.  Chem.  xxv.  78;  Mitscherlich,  Pogg.  Ann.  lix.  94; 
Dubrunfjiut,  Ann.  Chim.  Phys.  [3]  xxi.  171.) 

32.  In  the  lactotts  fermentation  (p.  630)  of  dextro-glucose,  the  rotatory  power 
diminishes  constantly  in  the  proportion  corresponding  to  the  quantity  of  add  formed 
(Dubrunfaut).  Erythrozym  acts  on  glucose  in  the  same  way  as  upon  sugar. 
(Schunck,  J.  pr.  Cht'm.  Ixiii.  222.     See  also  p.  267.) 

Ix'ft  to  itself  in  contact  with  chaik  and  cheese^  or  gelatin^  or  other  nitrogenous  ani- 
mal substances,  at  40°  C.  for  weeks  or  months,  an  aqueous  solution  of  glucose  is  capa- 
ble, according  to  Berthelot,  of  undergoing  a  decomposition,  diflferent  from  fermentation 
prop(Tly  80  called  (which  takes  place  under  the  influence  of  yeast),  whereby  the  nitro- 
genous 8ul)stance  as  well  as  the  sugar  suffers  decomposition,  and  nitrogen,  carbonic 
anhydride,  and  hydrogen,  are  evolved,  while  alcohol,  and  butyrate  and  lactate  of  calcium 
are  formed.  Yeast  is  not  produced  under  these  circumstances,  unless  air  has  excess  to 
the  liquid.  In  other  cases,  cells  resembling  yeast  make  their  appearance  without  any 
alcohol  being  produced ;  so  that^  under  these  particular  conditions,  yeast  and  alcohol 
are  independent  of  each  other.  The  chalk  may  be  replaced  by  many  other  carbonates 
— 50  grms.  glucose,  800  grms.  water,  60  grms.  chalk;  and  20  grms.  cheese,  left  to 
stand  at  the  mean  ti'mperature,  produced  at  first  lactate  of  calcium,  but  after  fire 
months  this  had  disappeared,  and  the  liquid  contained  butyrate  of  calcium,  and  a 
quantity  of  alcohol  amounting  to  2  per  cent  of  the  glucose  used.  Alcohol  was  also 
formed  after  addition  of  fatty  oil,  or  of  oil  of  turpentine,  but  there  was  no  lactate  of 
calcium  ;  mldition  of  sulphide  of  carbon  prevented  the  destruction  of  the  sugar.  A 
mixture  of  1  pt.  glucose,  10  pts.  water,  J  pt.  cheese,  and  1  pt.  magnesia  alba  contained, 
after  five  months,  alcohol,  lactate,  and  a  small  quantity  of  butyrate  of  magnesium,  the 
sugar  being  completely  destroyed.  In  this  and  in  some  of  the  following  cases,  it  re- 
mained doubtful  whether  or  not  yeast  was  formed.  Similar  products  were  formed 
when  an  equal  quantity  of  carbonate  of  barium  was  used  instead  of  the  magnesia. 
Alcohol  was  obtained  when  the  carbonate  of  zinc,  manganese,  iron,  nickel,  and  lead,  or 
peroxide  of  manganese,  oxide  of  zinc,  cupric  oxide,  metallic  iron,  and  metallic  zinc 
were  used  instead  of  the  magnesia ;  with  oxide  of  lead  and  carbonate  of  copper  no  al- 
cohol was  obtained.  Alkaline  carbonates,  or  borate,  phosphate^  or  hyposulphite  of 
sodium  added  in  equal  quantity,  did  not  prevent  the  production  of  alcohol  By  caustic 
soda,  the  sugar  was  destroyed  without  yielding  alcohol ;  with  sulphite  of  sodium  or 
calcium,  it  remained  unaltered.  When  the  magnesia  was  replaced  by  carbonate-  of 
ammonium,  alcohol  was  formed  together  with  a  peculiar  acid,  the  calcium-salt  of 
which  was  deliquescent,  and  contained  at  110°  C,  36*6  per  cent  carbon,  6*2  hy- 
drogen, and  18*9  lime,  nearly  corresponding  to  the  formula  (7H"Ca*0*.  (Berthelot, 
Ann.  Ch.  Phys.   [3]  L  351.) 

33.  When  strong  sulphuric  acid  is  ^dually  added  to  aqueous  solution  of  ox-bile^ 
until  the  precipitate  at  first  produced  is  re-dissolved,  the  liquid  assumes,  on  addition 
of  a  small  quantity  of  solution  of  glucose,  a  violet-red  colour,  similar  to  that  of  a  solu- 
tion of  permanganate  of  potassium.  Cane-sugar  and  starch  also  act  in  the  same  way 
(Pettenkofer,  Ann.  Ch.  Pharm.  lii.  90).  According  to  Pettenkofer,  this  reaction  is 
applicable  to  the  detection  of  sugar  in  urine,  and  also  in  blood,  after  removal  of  albu- 
min by  boiling  with  alcohol.  Many  other  protein-compounds,  likewise  oil-fat>,  oil  of 
almonds,  and  many  other  oils,  behave  like  bile  (M.  S.  Schultze,  Ann.  Ch.  Pharm.  IxxL 
266).  The  extractive  matter  of  healthy  urine,  employed  in  place  of  sugar,  produces  the 
same  coloration,  which  may  sometimes  be  obtained  with  ox-bile,  sulphuric  acid,  and 
n  small  quantity  of  water  only  (Van  den  Broek,  J.  pr.  Chem.  xxxix.  362).  According 
to  Schunck  (Phil.  Mag.  [4]  xxiii.  179),  the  extractive  matters  in  healthy  urine  yield, 
when  decomposed  in  aqueous  solution  by  means  of  strong  acids,  a  sugar  possessing 
the  composition  and  some  of  the  properties  of  glucose,  but  uncrystallised  and  insipid. 
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Otimhinations  of  Dertrafftuet^Mf, 

A.  With  Wattr. — Melted  glu<?o8e  deliquesces  at  flnt  ia  ibe  air  hj  absorpdon  of 
wnXoT  {7"9  pt*r  cent,  according  to  Guirin*Varrj]t  and  aolidifiea  aa  soon  as  th« 
qtiantity  of  iralcr  is  anffident  for  ^ho  fonnatioti  of  oyfitds,  to  a  czystzilliBe,  grHtmljir 
moBB.  Glucose  dried  without  bein^  melted  abaorbs  no  water  when  ifxposed  to  the  off 
(B^champt  CompU  rend,  xHi*  900). — The  crystals  of  ajih jdroua  glucose,  obtained 
from  alcohol,  if  di!t»»olved  in  a  small  quantity  of  water  and  cTaponitrd  oner  oil  of 
vitriol,  afe  found  to  bare  taken  np  a  quantity  of  water  amounting  to  only  3-1  per  < 
of  their  weight.  Anh^ydroas  glucose  appearSt  thcrofore,  capable  of  existing  for  t 
time  in  Aqueotaa  solution  (0.  Schmidt).  An  aqueous  solution  oraporated  to  a 
flyrup  soHaifies  after  a,  few  day  a  to  a  gnuiultir  mu^s  ;  if  eraponited  to  a  thick  syrap  it 
does  not  liiolidifyf  owing  to  ah^ence  of  sufficient  water,  until  it  has  absorbed  mon<  wnUt 
from  the  air, 

a^  Htmi'kifdrated  glucose.  Anthon's  hard-cr^stalimd  glucose. — Prepared  on  tJje 
taana^Acturiag  scale  by  a  process  which  is  kept  secret.  In  the  ayatallided  8tat«v  air- 
dried,  it  cODtaina  2C*n'^0^.H^0,  and  does  not  diminish  in  weight  when  placed  ortr  oil 
<if  vitriol  at  13'.     (Anthon,  Chem,  Ccntr.  1859,  p.  289.) 

k  Muno-hydraUd  glucosr.  Crystallised  glucose.  C*ir*O*.H*0.  This  bydnte  ii 
generally  obtained  in  white,  opaque,  granular  hemispherical  or  caaliflow^r-flhaped 
knaase^,  with  occasional  shiniog  suifaees.     The  crystals  are  seen  tmder  a  inagni^ii^ 

flasB  to  be  six-sided  tiibles,  whose  lateral  faces  cut  each  other  at  anglea  of  aboat  120^ 
litscherlich  obtained  on  one  occasion  transparent  well-fonnod  cryHtals,  as  much  as  0-6 
millimetre  lon^»  which  showed  double  refraction  (Btot,  Comptreni  xxiii<  909), — The 
crystah*  are  brittle  and  grato  between  the  teeth,  Sppoific  gravity  1*386 L  (Gulrin.) 
The  mono-hydrato  becomes  soft  at  60**  C.  more  so  still  at  65°,  losing  a  small  quantity 
of  water;  at  70^  it  becomes  doughy ;  at  90** — 100**,  it  deliquesces  to  a  thin  syrap,  and 
loses  in  all  9*8  per  cent,  water  (Gu  Irin  -Varry)»  It  melts  between  TO*'  and  SO** ;  if 
dried  in  vacao,  between  90°  and  100=^  (B«5champ),  at  86° (C.  Schmidt)  loses  9— 9J 
per  cent,  water  (3  at.  »  by  calculutton  9-09  ptT  cent,  water)  (Peligot),  In  a  strjam 
of  dry  air  it  loses  only  hygroscopic  water  at  50'^,  but  between  65**  and  60°  part  of  it» 
water  of  ciystallisation»  and,  if  kept  at  this  tf mperature  for  a  few  hours,  it  mj^y  W  . 
heated  to  80°  or  100**  without  melting.     (B^champ,  Compt,  rend  adii.  898.) 

B.  With  Metallic  (oxides,    GLrcosATES. — ^Dcitroglucoso  unites  with   the 
alkaline  e»i*ths,  and  oiide  of  lead^  forming  compounds  which  may  be  regarded  ax  glo 
in  which  the  hydrogen  is  more  or  less  replaced  by  a  metal.     These  compounds « 
more  easily  decomposed  than  the  corresponding  compounds  of  cane-sugar.   An  aqu 
solution  of  glucose  takes  tip  a  large  quantity  of  barj'ta,  strontia  or  lima,  fon 
yellow  solutions  precipitable  by  alcohol,  which,  even  when  pirotected  from  the  air,  1 
come  diirker  and  decomposed  when  kept  (St  heated.     Their  taste  is  bitter  and  aUgbd 
alkaline,  and  when  evaporated  in  vacuo,  they  leave  transparent,  brittle  massea^  MflM 
times  containing  unaltered  glucose.    Bextroglncose  also  forms  definite  compounda  with 
bromide  and  cfdoride  ofsoSium, 

OluGOsates  of  Barium. — a.  CTP'BaO". — An  alcoholic  solution  of  hydrate  of  barimn 
ia  added  to  excess  of  glucose  di?ssf>lved  in  alcohol,  and  the  precipitate  is  washed  with 
strong  alcohol  and  drifd  in  vacuo  over  sulphuric  acid.  It  is  a  nearly  white,  looie 
powder,  having  a  caustic  taste;  eaaily  soluble  in  water.  (W.  Mayer,  Ann.  Chim. 
Pharm,  Ixxxiii.  138.) 

h.  4C*H"BaO*BA^O  +  6  aq.^A  solution  of  glucose  in  wood-spirit  w  mixed  with 
solution  of  baryta  (not  in  excess) in  aqueoti^  wood-spirit ;  the  precipitate  is  washed  will 
wood-spirit  and  driM  in  vacuo,  first  over  quicklime,  then  over  oil  of  vitriol  (Peligof 
Soubciran  precipitated  a  mixturt'i  of  baryla-water  and  excess  of  glucose  with  a]o  " 
The   salt  acquires  a  bright  yellow  colour  at  100^  G*  in  vacuo  wir*  -  -*     ■ 
further  alteration  ;  at  a  higher  temperature  it  froths  up  and  charsL     i 

Gfticomie  of  Calcium,     C*H^*Ca*0*  +  aq» — A  freshly  prepared  soli j 

of  calcium   in  aqueous  glucose  is  precipitated   by   alcohol  (Peligot).      6ou\i 

agitates  glucose  with  millc  of  lime,  odds  a  small  quantity  of  gluco«e  to  the  filtrate 
neutralise  the  excess  of  lime,  and  pri'cipllat^js  witij  alcohol.    The  salt  does  not  become" 
perfectly  dry  till  it  has  stood  a  lon^  time  in  vacuo.     (Soobeiran.) 

Ghwosatii  of  Lead.— a,  C^H^PWO*-!-  aq.— An  ammoniacri^  ^^-'n  of  neutral 
acetate  of  lead  is  atlded  to  excess  of  glucose-solution  till  the  pi  '-^comcs  per- 

manent     Tfie  white  precipitate  washed  out  of  contact  with  carl  ;  i  and  dried  in 

vacuo,  tunis  yellow  at  ISO*^  C.  without  further  alteration.     (Pe  1  i go  t. ) 

h.  C'H*Pb*0*. — 25  pts,  riqueons  ammonia  are  added  to  the  mixed  solntioD  of  20  pli» 
dextroglucose   (or  inverted  sugar^  according  to  Soubeiran)  and  3*5  pta.  neutial  acet 
of  lead  in  400  pts.  water,  and  the  prttcipitate  is  dried,  fiwt  in  vacuo,  then  ml  1€ 
(Soubeiran.) 

GlueomU  ofBr&mide  of  Sodium,  2C*H"0*NaBr.^Thia  compound,  pr«|M]«d  I 
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leaving  a  solution  of  1  at  bromide  of  sodium  and  2  at  glucose  to  evaporate  in  a  wann 
place,  washing  the  crystals  which  separate  with  cold  water,  and  recrystallising  from 
alcohol,  forms  anhydioos  rhombohedral  crystals  which  are  perhaps  isomorphons  with 
the  following  compound  ;  when  examined  by  polarised  light  they  exhibit  the  characters 
of  uniaxial  crystals.     (Stenhouse,  Chem.  Soc  J.  xvi.  297.) 

Glucosaies  of  Chloride  of  Sodium.— a.  2C*H"0*.NaCl  +  aq.— This  compound,  dis- 
covered by  Calloud  (J.  Pharm.  xi.  662),  crystallises  out  when  diabetic  urine  is 
evaporated,  also  from  solutions  containing  1  at.  or  less  of  chloride  of  sodium  to  2  at 
glucose ;  according  to  JBrunner,  from  solutions  of  glucose  saturated  with  chloride  of 
sodium.  When  a  layer  of  ether-alcohol  is  poured  upon  diabetic-urine  syrup,  and  the 
whole  aDowed  to  stand  quietly,  transparent  crystals  of  this  compound  are  obtained 
(Hiinefeld,  J.  pr.  Chim.  vlL  46).  Glucose  from  diabetic  urine  yields  this  compound 
far  more  easuly  than  glucose  of  different  origin  (£rdmann  and  Lehmann).  It  is 
purified  by  crystallisation  from  water  at  the  common  temperature.     (Brunner.) 

It  forms  transparent,  colourless,  lustrous  crystals,  attaining  half  an  inch  in  length, 
and  belonging,  according  to  Kobell  and  Schabus,  to  the  hexagonal  system,  and  consisting 
of  hexagonal  prisms  and  rhombohedrons.  According  to  Pasteur,  on  the  other  hand 
(Ann.  Ch.  Phys.  [3]  xxxii  92),  they  belong  to  the  dimetric  or  rhombic  system,  forming 

P  P  ^ 
homihedral  rhombic  prisms  +  ~ .  —  ^  .  P  oo ,  resembling  double  pyramids  of  the  hexa- 
gonal system,  but  having  the  angles  at  the  base  ««  120®  12'  and  119°  64'.  On  cutting 
a  crystal  into  laminse  with  parallel  faces  perpendicular  to  the  axis  which  joins  the 
summits  of  the  two  six-sided  pyramids,  and  sending  a  ray  of  polarised  light  through 
tliese  lamime,  they  do  not  exhibit  the  optical  properties  which  belong  to  crystals  of  ^e 
hexagonal  system  (Pasteur).  For  frirther  details  respecting  the  crystalline  form, 
sec  (rmelin's  Handbook^  xv.  236. 

The  aqueous  solutions,  when  freshly  prepared,  exhibit  dextro-rotatory  power  cor- 
responding to  the  quantity  of  glucose  contained  in  it,  viz.  for  the  transition-tint, 
[o]  =  47*14°  ;  but  the  rotatory  power  continually  diminishes,  especially  if  the  solution 
is  hot,  just  like  that  of  a  pure  solution  of  glucose  (p.  868). 

b.  C*H"0*.NaCl  +  ^  aq. — Calloud  obtained  from  glucose  and  common  salt  crystals 
containing  25  per  cent  chloride  of  sodium,  the  existence  of  which  was  afterwards 
called  in  question.  The  slow  evaporation  of  diabetic  urine  saturated  with  common 
salt  furnishes  well-formed  crystals,  but  without  sufficient  lustre  to  admit  of  measure- 
ment. They  contain  on  an  average  23*01  per  cent,  chloride  of  sodium,  and  lose  3*35 
per  cent,  water  at  130^0.     (Stadeler.) 

Instead  of  the  crystals  b,  crystals  are  sometimes  obtained  containing  between  1  and 
2  at  glucose  to  1  at  chloride  of  sodium :  probably  because  the  compounds  b  and  e 
crystallise  together.     (Stadeler.) 

c.  With  more  than  1  at.  chloride  of  sodium, — ^By  evaporating  diabetic  urine  saturated 
with  common  salt,  very  small  crystals  are  sometimes  obtained,  which  contain  1 — IJ  per 
cent  water,  and  more  chloride  of  sodium  than  the  crystals  of  b,  corresponding  nearly 
to  the  formula  C*H«0«.2NaCL     (Stadeler,  Pharm.  Centr.  1864,  930.) 

XoBwoirlucose.  This  sugar,  isomeric  with  dextroglucose,  but  distinguished  from  it 
by  turning  the  plane  of  polarisation  the  opposite  way,  occurs,  together  with  dextroglucose, 
in  honey,  in  many  fruits,  and  in  other  sacchariferous  vegetable  organs ;  the  mixture  of 
these  two  sugars  in  equal  numbers  of  atoms  constitutes  fruit  sugar,  or  inverted 
sugar,  which  is  itself  laevo-rotatory,  because  the  specific  rotatory  power  of  laevoglucose 
is  greater  than  that  of  dextroglucose.  This  laevo-rotatory  inverted  sugar  was  recognised 
as  a  substance  distinct  from  cane-sugar,  even  in  the  last  century,  by  Lowits  and  others, 
but  no  certain  mode  of  discrimination  was  known,  till  Biot  showed  that  the  different 
kinds  of  sugar  may  be  distinguished  from  one  another  by  their  optical  rotatory  power. 

Laevoglucose  was  first  obtained  as  a  distinct  substance  by  Dubrunfaut  (Ann.  Ch. 
Phys.  [3]  xxi.  169).  Its  isolated  occurrence  has  not  been  demonstrated  with  cer- 
tainty ;  nevertheless  some  kinds  of  apple  and  pear  contain  more  lavo-  than  dextro- 
glucose, perhaps  because  the  mixture  of  these  two  substance*  in  equal  numbers  of 
atoms,  first  produced  by  the  inversion  of  cane-sugar,  has  already  suffered  an  alteration 
chiefly  affecting  the  dextroglucose.     (Buignet  Ann.  Chym.  Phys.  [3J  Ixi  264.) 

Formation. — 1.  A  solution  of  cane-sugar  left  to  itself,  or  warmed  with  dilute  adds, 
loses  its  dextro-rotatory  power,  and  acquires  a  laevo-rotatory  power,  which,  when  the 
transformation,  or  inversion^  is  complete,  amounts  to  38°  for  every  100°  of  the  original 
rotation  to  the  right  This  alteration  depends  on  the  assimilation  by  the  cane-sugar 
of  6  per  cent.  (1  at)  water,  whereby  it  is  resolved  into  dextro-  and  kevoglucose : 

C"H"0"  +  H«0  »  C«H'*0«  +  C«H"0«. 
The  same  decomposition  is  brought  about  by  contact  with  yeast  or  with  the  peculiar 
ferment  of  fruits  (pectase). 
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2.  L(»rog1ai^ofte  is  also  produced  hj  boiline  Iierolosux  ((^W*0^  wiUi  wtAmmwik 
dilute  iictdji.     (GtUig»  Compt,  rend.  xIviiL  1662.) 

a.  Inalin,  ihe  tunylaceooii  matUT  obuiord  from  th^  roots  of  ikn/c  fltffltii^  mi 
mjkiiy  other  plants  uf  the  oompodto  ordrr,  which  nlao  hmm  the  oompoiitioa  Cfi^, 
yifili,  when  boiled  with  dilut*  acida,  or  for  a  long  time  with  w»r«r^  a  IvmMi^ 
augur,  whichf  according  to  Dubruolattt^  Ja  ideBtical  with  tlm  laeroi^neaat  oMM  I9 
mathod  1. 

prepared  ^m  ciine-flugar  by  the  action  of  aads  as  aboro  mentioDad^  IM  iiitiii^ 
mtxad  with  6  grms.  hydrate  of  lime  and  LOO  grroa.  water,  the  mam^  wbidi  iftliqoii« 
first,  ftoliditifa  after  n  certain  amount  of  agitation^  and  ^«ldB,  bj  fllroo|^  pMAi 
solution  of  the  ad eium-com pound  of  dexkro-glucoae ;  while  the  solid  itmdnttWM 
and  divoirtpoaed  with  oxaMa  acid,  yielda  hevo^ueoed  (Dubrnnfaut).  Hia  inslrf 
sugar  oci!urring  in  fruits  may  b«  dacompoMd  in  tha  saane  manner. 

Prc^p^tt/^.— Lcpt'oglucose  is  a  colourteBa  laseryatallis&bla  flyrop  (DabmBfttlia 
amorphous  solid  mass  (Bouchardet).  After  being  heated  to  \0(P  GU  it  exhil^t^ 
composition  C^H'^0*.  It  is  as  sweet  aa  cane-angar,  and  acts  aa  a  pnigatiT^t  It  u 
more  soluble  in  alcohol  than  dextT>E>glucoBe.  Ita  rotatory  power  vanea  with  Aat» 
perature.  For  the  tninaition-Unt,  [a]  «  -10G«  at  14«»  C;  —  —  7»-5*  a»«»C; 
»  -^53^  at  90*^  C.     (Dubrunfaut.) 

JkcofKpOMiiiofu. — LiBToglucose,  when  heated,  yields  a  product  analogoas  to  th«^ 
coaan  (p.  S54)  of  dextrogUicose,  but  more  easily  decompoaable  (O^lis,  Compt  ml 
li.  331) ;  probably,  therofon?,  laBTolusaa.— Lwroglucoe©  in  cont,'^t  with  ytmti  y  " 
vinous  ftTincntation  without  prcTioua  conversion  iuto  another  kind  of  s 
bru  11  f ant). —The  other  reactions  of  hevoglucoee  hare  been  atodied  only 
8U|;ar  containing  dextroglucose  :  they  agr«e  with  those  of  dextj\^tieoae. 

When  6udium-amodgam  is  added  to  an  aqueous  solution  of  cane-angar  inv 
the  action  of  dilute  sulphuric  add,  the  excess  of  acid  having  been  removed^  < 
of  hydrogi^n  ceasei  a)tO|fetber  as  aoon  as  the  liquid  has  become  allghtly  alhahi- 
is  evolved ;  and,  when  the  action  is  complete,  the  solution  ia  found  to  contain  ma 
(Linnemann,  Antu  Ch.  Pharm.  cxxiii.  136.) 

C^H««0»  +  H»     -    CTii*0« 

Olucoie.  HuiDlte. 

€om^nnation.—  Witk  Z«>if.— Lievoglucos©  forms  with  lime  a  soluble  bMi?t, 
Analogous  to  that  of  dextroglucose  (p.  862),  which  absorbs  oxygen   firom  the  J 
dcenniposcH.^A  second  compound  containing  3  at  Ume  to  1   at.  laercfjltl 
.«|iiiriTig!y  soluble  microscopic  nt'cdlfs,  and  ia  dooomposed  bjr  wat«r  when  1. 
li^ht  uiid  mr^  tba  compound  dL^Iiqueseing  and  the  sugar  nndec^tng  deoooM^gl 
(Dubranfaut.) 

Ziiewoliisan*  C?^'»0».  (Gilis,  Compt  rend,  xliii  1062;  Ann.  Ch.  Phya.  P 
Ivii.  TAi\  Jsihresb.  1869»  p.  547.) — Cam^-aUgar  quickly  heated  to  100**  C^  and  bp| 
in  the  molted  Ht^te  at  that  temperature  for  a  moderate  time,  ia  conrerted  into  a  wk 
ture  of  equal  numbers  of  atoms  of  IffiTolus&n  and  dextro-glncose,  the  latter  of  \ 
may  be  removed  by  fermcntatioti : 

Csme-iusar.  LarYoUiiaa.        Gluccuf. 

The  remaining  liquid,  which  has  a  Istvo-rotatory  power  —  15*  for  the  „_ 
tint,  leaves^  when  evaporated^  a  syrup,  which  does  not  crystallise  fTen  when  J 
years,  but  contains  IcevolusaD,  partly  unaltered^  partly  metamorphoaeci^ 

Latvolusun  is  couverti^d  by  boiling  mater  and  by  dilute  a<*uf^  into  a  fermcniaU 
lj5evo-rotatory  sugar,  which  reduces  copper-solution,  and  is  probmbljr  identkal  wii 
hevoj?!  ucose. 

OXiUCOSSt  l»£TlSC¥X01ff  itl^B  £STZlkCA.TXOV  Or.     The  reaetlons  bfi 

adnptcd  for  Lhi*  detection  of  glucose  (dextro-  or  lievo-)  in  solution,  inth«*r  aiooe  or  El 
pn^eni^e  of  canc-sutrar.  are: — 1.  The  dark  brown  colomtion  with  potaah-iey  (18,  pw  WO] 
cane-supar  not  exhibittnjr  any  atinsible  coloration  when  thus  treated, ^ — ^2.  The  hlaefc 
brown  coloration  and  f^iyish  brown  precipitate  forming  by  basic  nitraU  ^bi*mmtk  U 
the  solution  mixed  with  carbonate  of  aodinm  (21,  p,  860). — 3.  The  redoctiosi  ofcayei 
Mails,  It  \»  necciuiary  to  observe,  howBver,  that  caae-sogar  reducfs  dtpvooa  ««idv 
from  an  alkaline  Rolution  of  cupric  nulphate  after  prolonged  boiling  heistg  la  fikfil 
thereby  partly  con%'erted  into  glucose ;  but  with  glucose  the  reduction  ia  tromoliaM 
(25,  p.  880), — 4,  The  df»coloriitiou  of  an  alkaline  solution  of  /erncyaituf4  qf  p^fi^s$itm 
(30,  p,  861),  an  efl^et  not  produced  by  cane-sugar. — 5*  The  non -production  of  a  tioIs** 
blue  precipitate  with  nifraU  of  cofxtU  luid  caujitic  alkali,  bdicates  the  preeeiuv  0i 
glucose  in  a  solution  previously  known  to  contain  auie-sugar  (24,  p.  SOOl^^i  In  Cha 
solid  atate  or  in  tluit  of  strong  syrup,  glucose  and  cane-sogar  nmj  he  din 
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hy  their  dllTerent  behnviour  with  etioog  8ulj>hurie  acid  (10,  p.  6.59),  ^Iuchjbi^  flimplj 
diflAolvin^  without  coloration,  whorens  OLne-ffUgiLr  is  bliLck«Ded  and  compleU<ly  decom- 
posed. Thia  reaction  will  not,  howeTer»  senr©  to  indicuto  the  presence  of  glucoao  wh«u 
mixed  with  cane-BUgar. 

For  the  detection  of  stigiiF  in  tmne,  aee  Ubistb. 

Quantitative  Estitnation. — I.  By  rvdu^tion  of  cupric  salts .  A  known  nn^tistirw 
of  potaemo- tartrate  of  copper  mixed  with  potash-ley  ia  heated  to  l)oiliiifr  in  a 
Cftpinile,  &nd  the  liquid  containing  engar  ia  dropped  in  until  the  copper-solution  \vas 
become  colourless  by  the  separution  of  red  cuprous  oxide.  The  quantity  of  glucose 
required  to  reduce  the  quantity  of  eoppMir^solutiOD  employ4'd  must  be  ascertained  by  a 
preliniinaTy  experiment.  Barreawil  (J»  Phann.  tj.  361 )  prepares  the  copper-solution 
by  dissolving  40Q  grins*  carbonate  of  sodimn,  &00  grms,  cream  of  tartar,  300  grma. 
aulphate  of  copper,  and  400  f^rms.  hydrate  of  potasaium,  in  half  a  lif  pl*  of  water.  F  e  h  1  i  n  g 
(Ann.  Ch.  Ph&nn.  Ixxii.  106  ;  crL  75)  adds  to  a  Bolution  of  160  grms.  neutral  tartrato 
of  potasflium  (or  better,  192  grms.  tartrate  of  potasf^ium  and  sodium)  in  a  small  quan- 
tity of  water*  600  or  700  c,  c  soda^ley  of  sp.  gr.  11 2^  then  a  nolution  of  40  grms. 
crystallised  aulphato  of  copper  im  about  160  c,  c.  water,  and  dilutes  the  mixtupe  until 
it  meairores  lld4*4  c.  e.  at  16°  C.  Fire  milligrammes  of  dry  glucose  can  reduce  1  e.  c. 
of  this  solation.  The  solution  must  h«  kept  in  well  closed  resaeb,  to  protect  it  from 
carlwnic  acid  ant!  air;  it  ought  not  to  giTO  anjr  precipitate  of  cuprous  oxide  when 
boiled  by  itself.   The  sugar-solution  to  be  tested  is  best  employed  free  from  acid* 

2,  When  a  Bolution  contains  no  optically  activ©  substance  besides  glucose,  or  only 
cane-sugar  in  addition,  the  quantity  of  dextroglucose  may  be  deduced  fifom  its  rotatory 
power.    (See  SAccHAoocETnY.) 

3.  Glucose,  as  well  as  cane-sngar^  mhj  also  be  estimated  by  the  quantities  of  car- 
bonic anhydride  and  alcohol  proauCed  from  it  by  fermentation  with  yeast.  Aceonl- 
ing  to  Pasteur,  100  pts,  cane-sugar,  or  Ulo  pta,  glucose,  yield  by  fermentation  49  12 
pts.  carbonic  anhydride  and  610 1  pts*  absolute  alcohol     (See  Sugar  and  SACciiAiu- 

OXi'GPCOBll  FEBASElffT.  The  conversion  of  cane-sngar  into  glucose  (inrcrsion 
of  engar)  widch  txiki^*  place  in  irinoua  fermentation,  is  regarded  by  Pasteur  as  n 
secondary  effect,  d(*pending  on  the  action  of  the  succinic  acid,  which  is  always  produced 
in  small  quantity  in  that  process.  According  to  Berlhelot,  on  the  other  hand  { Compt.  rend- 
li.  980 ;  Jahrssb.  1860,  p.  518),  the  ^t^uige  is  due  to  the  action  of  a  peculiar  ferment, 
coDtaioed  in  or  prwiuced  from  yeast  That  it  does  not  depnd  on  tlie  action  of  a  fre« 
acid,  is  shown  by  the  fact  that  when  yea^t  is  added  to  a  solution  of  cane-sugar  nindi* 
alkaline  by  addition  of  acid  carbonate  of  sodium,  a  considenible  qtjantity  of  inverted 
sugsir  is  produced,  although  the  fermentation  is  retard«^d  by  the  presence  of  the 
alkali.  When  the  liquid  obtained  by  diiHuaing  yeast  in  a  twofold  quantity  of  water,  leaving 
it  to  stand  for  several  hour«  in  the  cold,  and  filtering,  is  added  to  a  solution  of  cane- 
sugar  mixed  with  a  small  quantity  of  acid  carbonate  of  sodium,  tlie  inversion  of  I  he 
sn^ir  takes  place,  though  the  liquid  doea  not  become  acid,  and  no  vinous  fermentation 
is  set  up.  On  mixing  this  same  liquid  with  an  eqnal  volume  of  alcohol,  white  flocks 
are  precipitated,  which,  when  washed  with  alcohol  and  dried  at  ordinary  tfmpeni- 
tores,  form  a  yellow  homy  mass,  consisting,  according  to  Berth  clot,  of  a  nitrog<  nous 
substance  analogous  to  dlastaee  and  pancreatin*  which  may  bo  rwlissolved  in  water, 
and  afterwards  coagulated  by  heat  or  by  nitric  acid.  One  part  of  this  subatanco  ia 
sufficient  to  convert  from  fiO  to  100  pts.  of  cane-sugar  into  glucose.  It  appears 
lo  be  formed  from  the  yeast  itself;  for  if  yeast  which  has  been  washed  for  any 
length  of  time  with  water — provided  it  has  not  become  putrid — be  li^ft  for  some  time 
in  contact  with  water,  it  still  gives  up  to  the  water  this  so-called  gliteose-fcnnent, 
(BertbeloL) 

G&ircosn>Sfl.  GlueosamidtiB,  Sa^karogen*, — These  terms  were  applied  by 
Laurent  (Ann.  Ch.  Phjs,  [3]  xxxvi*  330)  to  siibsteiioes  which,  when  d^'composed  by 
dilute  acids,  yield,  on  the  one  hand,  dextroglueose  or  another  sacchjirino  substance 
isomeric  therewith,  and,  on  the  other,  a  product  differing  in  character  according 
to  circumatancetif  but  not  belonging  to  the  class  of  carbohydrates  C"H=*0».  These 
bodies  are  natural  prod  acts  occurriufr  frequently  in  the  boilies  of  plants,  less  fre- 
quently in  those  of  unimals:  none  of  them  have  been  prepared  artificially. 

Berthelot^s  cliiae  of  8acrharid(8  includes,  besides  these,  certain  artiflcially  prepared 
compounds  of  the  carbohydrates  with  adds.     (See  Saccuaatdss,) 

The  resoltttion  of  glucn«ides  into  glucose,  or  a  correnpouding  prodact^  and  a  second 
body,  takes  place  for  the  raont  part  on  Iwiling  with  dilate  mineral  tteids  ;  or  it  is  pro* 
duced  by  heating  the  glucoside  with  aqueous  ttfkalit  or  baryia^vMittr,  In  this  latter 
cnsAi  according  to  Rochleder  (Wien.  Akad.  Bcr,  xxiv.  32),  crystaUisable  sugar  is 
iOiDOtime^  obtained,  whereas  the  decomiv-f^ition  with  acids  yields  only  uncrystallisuble 
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ongar.  Or  the  Bi^raticn  is  «ffi<!t«d  iit  menu  r*Tnp€Tata«v  and  in  mtt«aee  of  wUtr, 
by  nitrogen<°»ii(i  iubstaiices  occurring  either  in  the  luune  pknta  mm  the  glxuximdm,ora 
othen.  Eiaukui  decomposes  amycdnlin  imd  tnan^  otlier  glucosid^fl  ;  mjnoiui  dteom- 
poacw  mjTonic  acid ;  erytlirotjni  decompofl^s  rubmn.  Some  glucosid««  an  UbviN 
decoDipoted  by  jenst  and  by  salira.  The  producti  of  the  deoompocitioo  ave  olta  tar- 
ther  altered  by  the  iifCtion  of  the  air  or  of  the  acid  emptojed. 

For  the  separation  of  the  decomposition-prodacta  of  the  glueoaidci^  BocUedef 
giTea  the  following  method.  The  aubetiuice.  coDtata«d  in  a  flask,  i»  treated  with  dihrte 
hydrochloric  acid,  the  flask  being  connected^  on  the  one  side  with  a  cajrbonle  add  iiipt- 
fiiluSf  oti  the  other  with  a  Liebig^ti  condensing  tube.  The  air  contained  in  the  fliikbdie- 
phicod  l>ycHrboniciinhydride,  and  the  flask  is  heated  in  the  wat^r-bath,  or,  if  nBommy^ 
in  a  citloride-of-crtlcium  bafh.  As  soon  as  the  decompoeition  ia  complete,  theeoateali 
of  the  flask  are  hft  to  cool  in  a  stream  of  carbonic  anhydride ;  any  product  that  may  bar* 
BepAmted  out  is  collected ;  and  the  filtrate  containing  the  trugafp  hydrochloric  scid.  iaJ 
sometimes  other  soluble  products  of  the  decompositioii,  is  mixed  with  pure  ovhoiiate 
of  lead,  the  addition  of  which  is  continued  as  long  as  efferrescence  ensuea,  after  which 
it  is  washed^  and  white  lead  (prepared  by  precipitating  baaic  acetate  of  lewd  with  esi^ 
bonic  acid,  and  wjishing)  is  added,  whereby  busic  chloride  of  lead  ia  precipitalitd 
The  precipitate  is  collected  on  a  filter  and  carefully  waahed ;  and  moist  photphate  of 
ailrer  is  added  to  the  filtrate  aa  lung  as  any  reaction  ensues  b«tween  this  salt  sad  tkt 
dissolved  chloride  of  lead,  and  till  the  yellow  colour  of  the  phosphate  of  ailrer  reoiaiai 
risible.  The  liquid  is  then  filtered ;  any  silver  that  may  be  dissolved  in  the  filtmfe  k 
pnicipitated  with  a  very  small  quantity  of  white  lead ;  the  liquid  is  heated  till  the  whitt 
eolotir  of  the  precipitate  passes  into  cream HX»Iour,  then  cooled,  filtez«^  tzvaled  wA  j 
■ulphydric  acio,  and  filtered  again;  and  the  filtrate  is  evaporated.  Colomies  anf  m 
iht^n  remains,  in  case  such  sapar  was  formed  b^  the  decomposition  of  the  glueanm  ' 
whilfit  the  second  decomposition-product,  even  if  origiiiaUy  soluble  in  wmtoc; 
rally  rcndored  insoluble  by  the  white  lead. 

The  distilled  liquid  obtained  by  heating  a  glucosidc  with  hydrochloric  acid, 
together  with  hydrochloric  ucid,  any  volatile  product  that  tnay  hare  been  1 
the  decomposition.     It  ia  neutralised  with  barj-ta  or  carbooate  of  barium, 
decompose  acid  carbonate  of  barium,  and  concentrated  by  evaporation  ;  the  gi 
of  the  chloride  of  banum  is  removed  by  crystallisation^  the  rest  by  sulphate  of 
and  the  filtrate  is  further  examined. 

T]ie  following  entimenition  of  glucosides  and  their  modes  of  decompoaition  is  tikifi 
from  Gw Win's  Handbook,  rv.  p.  341, 

A($cuHn  is  resolved  by  heating  with  dilute  acida,  into  Sttcoletin  and  sugar  : 

C"»H^O"»  +   3H'0   -  C»H«0*  +   2C*H»«0«.    (Bochleder  and  Sell warti.) 

Zwenger  and  Delffs  give  other  formulflp. 

Thn  «iugtir  forms  crystalB,  which  melt  at  lOC^  C,  ore  sweeter  than  grape-aqgaf-.^ 
like  that  sulj^tance.  reduce  potassio^cupric  tartrate.     It  is  fermentable^ 

Amf/qdalin^  in  contact  with  emulsin  and  water,  is  reaolved  int4>  augiri  bitUir  a 
oil,  and  hydrocyanic  acid : 

C*NH"Oi'   +    2H»0  =  2C-H^«0*   +   C*H*0   -¥  CfTH 

(Li  ebig  snd  Wohler,  1837).     The  sugar  thus  produced  is  identical  in  erety  J 
wit  h  dextrogl  iicose.     ( 0 .  Schmidt*) 

Apiin,  boiled  with  dilute  acids,  is  decomposed,  with  separation  of  fio^EB.     Tbe  fil^ 
trate  freed  irom  acid  leaves,  on  evaporation,  a  sweetiah  syrup,  which,  when  boi]#d 
with  potassto-Guprie  birtmte,  separates  cuprous  oxide,  but  does  not  give  off  the  <  ~ 
of  caramel  when  burnt,  dot's  not  ferment  in  contact  with  yeast,  cannot  be  mi 
crystatliiiei  and  dissolves  but  partially  in  alcohol,  with  separation  of  yellow  J 
Von  Planta  aud  Wallace  cannot  see  in  these  results  any  evidence  of  decompoaiiioB, 
imd  therefore  do  not  regard  apiin  as  a  glucoside. 

Arhutin  boilM  with  dilute  actds,  or  in  contact  with  emulsin^  is  resolred  into  l^rdf^ 
quinone  (Kawaliers  arcturin)  and  grape-sugar  (Kawalier): 

Cwfl>*0'  ^  H»0   =   C^«0»  +  C-H"0».    (Strecker.) 

Tlie  sugar  forms  crystals  which  exhibit  the  properties  of  grare-anguv  "o^  ^^ 
dried  at  100°  C,.  or  in  vacuo,  contain  3664  per  cent,  carbon,  T'O^  hydrogen,  and  46*>l 
oxygen,  corresponding  to  tho  formula  C'B»=0*.HK).  (Kawalier,  Wiea,  Ak^ 
Ber.  \x.  293.) 

^r?jfWa  (C«*n>W  or  C^-HwO*)  is  decomposed  by  heating  with  dilute  actds,  vilh 
eeparatioD  of  dark  flock<»  and  formation  of  a  substance  which  reducea  cunrie  <»id^ 
(Walz.)  ^ 
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Benzohdiein  is  resolved,  by  boiling  with  dilate  acidfl  or  aqueoas  alkalis  (not  by 
emulflin),  into  benzoic  acid,  salicylons  acid,  and  grape-sugar : 

C»H»0«  +   2HK>  -  C^HW  +   C'HH)«  +   C«H>«0«.    (Piria.) 

Bryonin  is  resolved  by  boiling  with  dilute  acids,  into  bryoretin,  hydrobryotin,  and 
sugar: 

C«tH««0'»  +    2HK)  -  C«>H»0»  +  C«'H«'0«  +   C«H'K)«     (Walz.) 

Caincin  (C*'H"0'^  is  resolved  in  like  manner,  into  chiococcaic  acid  and  sugar. 
(Rochleder  and  Hlasiwetz.) 

Chitin^  boiled  for  twelve  hours  or  longer  with  a  mixture  of  1  vol.  oil  of  vitriol  and 
4  vol  water,  is  resolved,  with  evolution  of  ammonia,  into  amorphous  sugar  and  a  second 
body  not  yet  isolated.    Perhaps  in  this  manner : 

C*NH»»0«  +   2HK)  -  C«H'»d«  +   CWH'O'.    (Stadeler.) 

The  sugar  is  fermentable,  and  reduces  cupric  tartrate.  (Berthelot,  Compt  rend,  zlvii. 
230.) 

Colocynthin  is  resolved  by  boiling  with  dilute  acids  into  colocynthein  and  sugar : 

C^H»*0»  +  2HK)  -  C*«H«0»«  -i-  2C«H"0«.    (Walt) 
CanwUlarin  is  decomposed  in  like  manner  into  convallaretin  and  sugar : 

2C"H«0»   +  2H«0  -  2C»H«0«  +   2C«H"0«.(Walz.) 
Contfoilamarin  yields  under  the  same  eircumstances  oonvallamaretin  and  sugar : 
C»H**0»«  -  C»H»^«  +   1C«H«0«  +  HK).    (Walz.) 

Convolvulin  is  resolved  by  sulphuric  or  alcoholic  hydrochloric  acid,  with  assumption 
of  11  at.  water,  into  convolvulinolic  acid  and  sugar: 

2C«'H»»0>«  +  IIHK)     -     C"H«^»  +  6C«H>«0« 
ConTolTuUn.  CoQToWuiinollc       Gluooce. 

acid. 

Contfolvulin-sugar.  —  When  Kayser  (Ann.  Ch.  Pharm.  li.  98)  decomposed 
convolvulin  h^  passing  hydrochloric  acid  gas  into  the  alcoholic  solution,  and  after 
leaving  the  mixture  to  itself  for  ten  days,  extracted  the  resulting  convolvulinol  with 
ether,  there  remained  an  acid  liquid,  which  was  neutralised  wim  carbonate  of  lead, 
filtered  and  evaporated.  From  the  residue,  absolute  alcohol  extracted  a  sticky, 
translucent,  sweetish  mass,  which  reduced  cupric  oxide,  yielded  crystals  when  brought 
into  contact  with  common  salt,  fermented  with  yeasty  and  exhaled  the  odour  of  sugar 
when  burnt  on  platinum-foil.  Mayer,  aft^r  decomposing  convolvulic  acid  with  dilute 
sulphuric  acid,  and  removing  the  convolvulinol,  saturated  the  liouid  with  carbonate  of 
lead ;  treated  the  filtrate  witib  sulphuretted  hydrogen  ;  evaporatea  it  to  -f^ ;  removed  the 
separated  convolvulin  by  a^tation  with  ether ;  evaporatea  further ;  and  thus  obtained  a 
brown  sweetish  syrup,  which  behaved  like  grape-sugar  when  burnt,  also  with  an 
alkaline  cupric  solution,  with  bile,  with  sulphuric  acicC  with  water,  and  with  alcohol 
whether  aqueous  or  absolute,  but  did  not  form  a  crystalline  compound  with  common 
salt,  and  could  not  itself  be  made  to  crystallise.  This  svrup  mixed  in  alcoholic 
solution  with  an  alcoholic  solution  of  baryta  not  in 'excess,  formed  a  precipitate  com- 
posed like  monoglucosate  of  barium  (p.  862).   (Mayer,  Ann.  Ch.  Pharm.  liTriii.  138.) 

Crocin  is  resolved  by  dilute  acids  into  crocetin  and  crocin-sngar : 

2C»H*»0'»  +  6H«0    -    C»«H*«0»  +  4C«H'K)«. 

Crocin-sugar^  obtained  by  decomposing  crocin  in  the  manner  described  above,  is 
easily  crystallisable,  sweet,  and  reduces  from  potassio-cupric  tartrate  half  as  much 
cuprous  oxide  as  dextro-glucose.  (Rochleder  and  L.  Mayer,  Wien.  Akad.  Ber. 
XXIX.  6.) 

Cyclamin  solidifies  when  heated  with  aqueous  hydrochloric  acid,  with  formation  of 
sugar  and  separation  of  a  second  product.    (Do  Luc  a.) 

Daphnin  is  resolved  by  boiling  with  dilute  acids,  into  daphnetin  and  sugar : 

C»»H««0"  +  2H«0    -    C>»H»*0»  +  2C«H»0«.    (Zwenger.) 

DatUcin,  treated  in  the  same  manner,  yields  datiscetin  and  sugar : 

C»'H«0««    «    C»»H»«0«  +  C«H>W.    (Stenhouse.) 

The  sugar  is  obtained  by  evaporation,  after  removal  of  the  datiscetin  and  the  sul- 
phuric add,  as  a  sweet  syrup,  which  solidifies  in  the  semi-crystalline  form  after  stand- 
ing for  some  time,  and  i^uccs potassio-cupric  tartrate  at  100^  C.  (Stenhouse^  Ann. 
th.  Pharm.  xcviil  171.) 
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Wftk'8  D^iiUin  10  refiolved  by  boCing  with  dilut*  sulphuric  ftcid*  into  duntaUrraT 
pftm^ptiiletiii  Mid  logaT.     WaU   Kiipp*ifi<va  the  reaction  to  consist  of  tiro  stago* 

a,  Bcsolution  of  digitidin  into  digitaletin  and  sugar : 

b.  Further  d<»(K>Tn position  of  the  digitaletin,  pnrtlj,  with  abstraction  of  2  oL  H^,  iaio 
porndigitabtin,  purtlj  into  digit&liretia  and  ffugiir: 

Wal2*fl  digitaJetin  decomposed  by  dilute  acidn  yielda  the  producta  abori?  nwatiri 
(Walx,  D  elf  fa).  Eoemanns  digittUin  and  diffitalw  acid^  which  differ  from  Wal^f 
compound  in  composition  and  properties,  are  resolved  by  diluto  acids  into  digh 
taliretin  (which  however  is  not  the  same  as  Wak's)  and  sugar,  Becomj: 
digitalin : 

C"H«0*  +  4H*0    «    C"H*K>'«  +  4C*H»«0«.     (Xoamann.) 

Euxanihie  acid  (C"H^*0^*)  is^  according  to  W,  Schmidt  (Ann*  Ch.  Phann.  xcm. 
89),  a  ghicoside.  which  is  deeompos&d  by  sulphuric  add  into  euxanthone  and  fo^, 
Acconiing  to  Erdmann,  thi^  products  form^  in  this  reaction  are  euxanthoiie  sad 
bamjithionic  iicid  (lead  s^ilt  =  (?*II^0^K80^.ZPb0);  on  the  other  hand,  euxajithiieadd 
decomposed  by  beat  yields  enxanthone,  C*H**0*,  carbonic  anhydridii^  and  water*  IV 
hitter  decomposition,  as  well  as  the  formulas  of  euxanthic  acid  and  enxantlioM,  k 
inconsistent  with  Schmidt's  auppoaition ;  nevertheless,  Erdmann's  hamathionic  Mad 
bears  some  resemblance  to  sulphamidonic  acid  and  other  oompoiinds  of  >fk*  j 
(Kraut) 

Fraxin,  heated  with  acids»  yields  frtutetin  and  crystallisable  i 

C«H*0»^  +  3H'0    =    C^»ff*0'  +  2(>H»W.     (Rochledcr.) 

Qallotannie  ttcid  is  resolred  by  boiling  with  acids  into  gallic  acid  and  glucose : 
C"H«0"  +  4H'0    =*    SC^H'O*  +  C*H"0**    (Strecker.) 

The  supar  oxiubita  the  reactions  and  composition  of  dextrogtucose.  fStrerktf, 
Ann.  Cb.  Fhiirm.  xc,  331.) 

By  hcatitig  50  gnus.  gallotAnnic  acid  with  50  grma.  oO  of  Titriol  and  45Q  grm».  v«t«r 
to  90**  C.  for  three  days,  and  filt<!ring  off  tbs  gallic  aeid»  a  black  ftaccharino  aoiutiK^ii  it 
obtained  which  when  neutral i<(ecl  wi^  carbonate  of  lead,  mixed  with  a  slight  cxceas  «f 
nfutnvl  acetnt*  of  lead,  conceutmted,  freed  from  lead  by  sulphuretted  hydnjgtii*  and 
decolorised  by  anirnul  charcoal,  ugn^es  jxTfectly  wit  h  grape*5ugar  in  rotatory  pow«T,  ftr* 
menttifion,  and  reaction  with  potassio-cupric  tartrate*  (jBaigoet,  Anti  Ch.  FliTi.  Fll 
Ixi.  287.) 

The  iodlne-componnd  of  a  tannin  occurring  in  eweet  fVaits  is  llkefwiae  deoampO0«4 
with  formation  of  dextroglucoae,  by  boiling  with  dilute  sulphuric  add<     (Buignet.) 

Gthtin, — When  isinglass  is  boiled  for  some  days  with  dilute  sulphuric  acid,  sulphsta 
of  ammonia  is  formed  together  with  a  fefmentiible  supar  (Gerhardt,  TrmU  iv.  50ft)» 
Ifynlin-eartilnge  and  rib-oartilagp»  boiled  with  hydrochloric  acid»  yield  large  qnantitsM 
of  glucose.     (Fischer  and  Bodeker^  Ann.  Ch.  Phimn,  cxriL  11 L) 

G/obuiarin,  boilod  with  dilute*  sulphuric  acid,  yields  globnlaretin  (part  of  which 
changes  into  pttroglobularetiu)  and  sugar: 

C«»H«0**    =     2C^ff"0*  +  C«H'*0*.    (Waia.) 

Gl^cyrrhijrin  is  resolred^  when  its  aqueous  solution  is  boiled  with  hydiochloii^  ioS^ 
into  glyc^TTPtin  and  glucose.     Perhaps  in  this  maimer : 

C"n*»0  +  H*0  =   C'H^O*  +  CH^'O*.    (Gortip-Besansi.) 
Gratiolin  is  resolved  hj  boiling  with  dilute  sulphuric  add  into  gratioletin,  giatio* 
laretin,  and  eugiir : 

2C»H"0'    =^    C"H*'0»  +  C>'H»0»  +  C*H»«0*.     (Wala.) 

GrMtloletiti.        GraUokreCld. 

Gratioiolin  in  contact  with  aqueous  acids  or  alkalis  is  resolved  into  gntioaoletin  and 
sugar; 

2C^'H«0»*  -^   2C«H*'0"  +  2C«H"0«  +  4HK). 
The  gratioaokiin  thus  formed  is  fhrther  resolved  by  boiling  into  hTdnxcrttti 
and  sugar :  -^     ^^ 

2C^*H"0'*  «   2C^n*«0i'  +  2G*IP*0*. 
Part  of  the  hydroKratioj.olepr>!iu  is  further  converted,  with  elimination  of  a  at  watsr. 
into  gmtiosoleretin,  C"H«0".    (Walz.) 
Hdianthic  add.—Thls  ntime  is  applied  by  Ludwig  nnd  Kromayer  (N,  Br*  Arelw 
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xcix.  1,  285)  to  a  gubstance  obtained  from  the  seed  of  the  sunflower  (Heiiartthus  annus), 
which  is  insoluble  in  cold  wat«r  and  in  alcohol,  not  fermentable,  and  reduces  potassio- 
cupric  tartrate  only  after  boiling  with  acids. 

HeMdn  heated  with  acids  or  alkalis,  or  in  ccmtact  with  emulsin  or  yeast,  is  resolved 
into  salicylous  add  and  dextroglucose : 

C"H»H)'  +  2H«0    -    CHK)*  +   C-H'«0«     (Piria.) 

Chlorhelicin  (C"H"C10')  exhibits  a  similar  reaction,  yielding,  however,  chloro- 
salicylous  instead  of  salicylous  acid.     (P  i  r  i  a.) 

HelicMin  is  resolved  by  emulsin  into  saligcnin,  Ba1ic}'lous  acid,  and  glucose : 
C»^"0>*  +   H*0    -    C»H«0«  +   C*H«0«   -^  2C«H»*0«.    (Piria.) 

Indican  is  resolved  by  acids  or  alkalis,  indicanin  by  acids,  into  indiglucin  and  other 
products  (Schunck).     See  Indican. 

Jtdappin  in  contact  with  dilute  mineral  acids  is  resolved  into  jalappinol  and  sugar : 
C«H"»0«  +   IIHK)    =    C«H«0'  +   6C«H'=^0«. 

Jafappic  acid,  which  contains  3  at.  water  more,  is  decomposed  in  like  manner,  with 
assumption  of  8  at  water.     (W.  Mayer.) 

The  Lycopodium-hittfT  of  Kamp  and  JBodeker  reduces  potassio-cupric  tartrate  after 
boiling  with  dilute  acids,  but  not  in  its  unaltered  state,  and  should  therefore  jR'rhaps 
be  regarded  as  a  glucoside. 

Mi^t/anthin,  boiled  with  dilute  sulphuric  acid,  is  resolved  into  sugar  and  an  oil  which 
smells  like  bitter  almonds.     (Ludwig,  N.  Br.  Arch,  cviii.  84.) 

Mtfronate  of  potassium  is  decomposed  in  contact  with  myrosyn  and  water,  yielding 
oil  of  mustard,  sugar,  and  other  products  (Ludwig  and  Lange,  Zoitschr.  Ch. 
Pharm.  iiL  677).  The  formula  C^MI'*S*0'\KO  (=  C*NH^i>*  +  KO.S^O*  + 
C"//**0**)  given  by  Ludwig  and  Lange,  is.  according  to  Will  and  K timer  (Ann. 
Pharm.  cxix.  376),  more  correctly  C^NW*KS*0^,  and  contains  the  elements 
of  oil  of  mustard,  C^NH^S\  glucose,  C-/r*0",  and  acid  sulphate  of  potassium, 
S*KHO^.  Ludwig  and  Lange  also  found  sulphate  of  potassium  among  the  products  of 
the  reaction,  but  no  sulphite. 

Ononin  is  resolved  by  boiling  with  dilute  acids,  into  formonetin  and  glucose  (Hla- 
siwetz): 

C»H"0'"   -  C«*H«H)«  +  c«n«o«  +  H«0. 

Onospin  is  resolved  under  similar  circumstances  into  ononetin  and  sugar  (Hlasi  wet  z): 
C»H**0'«    -    C»H"0«  +  C«H»*0«. 
Such  is  the  view  of  the  reaction    p;iven   by  Limpricht  (Grundr.   d.  org.  Chem. 
Braunschw.  1854,  680.)     For  Hlasiwetz's  formuls,  see  Fobmonbtin  (p.  695)  and 
Ononin. 

The  sugar  formed  from  ononin  and  onospin  by  the  action  of  dilut4^  sulphuric  acid, 
remains  in  solution  after  the  second  product  of  the  decomposition  has  been  removed  by 
filtration,  the  sulphuric  acid  by  carbonate  of  lead,  and  the  excess  of  leud  by  sul]>hu- 
retted  hydrogen,  and  is  obtained  by  evaporation  as  a  very  sweet  fermentable  syrup, 
in  which  granular  cr^'stals  form  after  a  few  days.  These  crystals  melt  at  the  heat  of 
the  water-bath  to  a  viscid  syrup  which  remains  soft  after  a  day's  drying,  and  exhibits 
all  the  reactions  of  grape-sugar.     (Ulasiwetz,  Wien.  Akad.  Ber.  xv.  153.) 

ParisiyphniH  boiled  with  dilute  sulphuric  acid  is  resolved  into  paridin  and  sugar: 
C»H«0"  +  2H«0    -    C«H»«0"  +  C«H'«0«. 

The  paridin  thus  produced  is  resolved  by  boiling  with  a  larger  quantity  of  dilute 
sulphuric  acid  (?)  into  paridol  and  sugar : 

C«H»H)'*  +  n«0  =  C"n^O»  +  Cm'K)*.     (Walz.) 

Pkiflf/rin  is  resolved,  by  boiling  with  dilute  hydrochloric  acid,  into  phillygcnin  and 
sugar ;  by  lactous  fermentation  into  phillygcnin  and  the  products  of  the  decomposition 
of  sugar: 

C^jiuQu  +  H«0  r-  Cn^O*  +  OH'H)«.    (Beptagnini.) 

From  the  solution  freed  from  philygenin  and  hydrochloric  acid  by  carbonate  of 
lead,  the  sugar  crj-stallises,  after  evajxinitiou  and  r*»-solution  in  alcohol,  in  warty 
maw<e*«.  exhibiting  the  properties  of  grai^e-sugar.  (Bertagnini,  Ann.  Ch.  Pharm. 
xoii.  110.) 

Phlurkirin  is  decomposed  by  dilute  acids,  not  by  emulsin,  yielding  phloretin  and 
sugar  (Stas): 

C2iH»«0'*  +  n«0  -  C'»n"0»  +  &W-0:    (Stpecker.) 
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Phhretin  boUfrd  with  alkalis  it  resolved  into  pMoT«Ck  aind  and  phloro^uem  : 

C»H"0»  +  HK)     -     C*H'«0«  +  C*HHD'.     (HUsivels.) 

FtUoretia.  PhlorvttG      PblaroglueiD. 

Kid. 

Fhlorbmn-inigar  ia  difficult  to  crjstiillisef  and  exhibita  tha  propertiea  and  oofnp^ 
0itioti  of  crystAUiBable  grap^-sngar  (St as,  Ann.  Pharm.  zzs.  200).  It  reduoes  tjia 
fiam<»  qtmotitj  of  copric  oxide  aa  daxtroglaoosek  (Bosar,  Ann.  Ch.  Pharm.  hair* 
178,) 

Pinipicrin  splits  np  into  ericinol  and  sng^  vh«&  ita  aqneotis  solatioa  ia  haatad  wiiL 
acids: 

C»H»0'^  +  2BX)  -  C»»H»«0   +  2Cm^H)\    (Kawalier,) 

Encotin  treated  witb  dilute  adds  jidds  the  same  products  in  other  proportioiia ; 

C^H^iiQii   ^   9HS0   ^  C'H^O"   +   8C*H'*0*.  (Rochleder  and  Schwara.) 

The  sugar  produced  from  piQipicria  is  rendert^l  nDcr^rstallisable  by  the  farelgn  sab* 
Btanci^s  coutamnl  in  it ;  at  I0€^  C,  it  becomes  eoft ;  at  common  tempemture  it  is  tohd 
and  brittle,  and  is  eaeilj  ffduwd  to  a  yellowiih  pofwder  contaiDing  2  per  cent,  aah,  tad 
aOjT  deduction  of  this,  3906  per  cent,  C,  662  H,  and  54*32  6,  comvpaiDdiBg 
approximately  to  the  formula  C»H •*()•.     (KswaJi  er,  Wien,  Akad.  Ber.  xi.  352.) 

Populin,  vheu  boiled  with  dilute  acids,  spUtu  up  into  beujcoic  add,  saliretin  and 
glucose  (Piri a): 

C»H«0»  +  H*0  -  C'H<0»  +   C'H»0   +   Cni"0-. 

PropkeHn  is  decompoeed,  by  boiling  ^th  hydrochloric  acid,  into  proplicretiii  and 

suffar: 

Quercitfin  is  decomposed  by  dilute  sulphuric  add  into  quereetin  and  qnavatrin-^qg^ 
(Higaud): 

QUQMO»  4.   2IPO   -   e*n*«0*»  +  2C»H^1    (Hlasiweta.) 

QuercHin  is  further  decomposed  by  boiling  with  potash-ley  into  quercetic  acid  and 
phloroglucin  (H I  as  i  wets).  The  same  products  are  obtained,  but  in  difleivnt  pn>- 
portioas  by  the  decomposition  of  Alpkc'-quncfiin : 

C»H»0«  +  2HK>  -  C"H^»0"  +   2e'H'0»,    (HlaViwctx,) 

Qutrcitrin-Bngar  m  obtained  as  a  light -yellow  syrup,  which  sotidifies  in  a 
mass  on  standing  for  a  few  days  over  sulphuric  acid,  by  filtering  otf  the  que 
separating  the  sulphuric  add  by  carl>onate  of  barium^  evaporating  on  the  water>b 
decolorisifig  with  animal  charcoal,  and  again  evaporating.     It  has  a  awecter  taMa  1 
dextroghieoHe,  and  does  not  rotate  the  plane  of  polarisation.  Dried  in  vacuo,  it  coat 
84-78  per  cent  C,  7'24  H,  and  57*98  O,  corresponding  to  the  formula C«H-'0'».3l3 
(calc. :  34-6$  per  cent.  C,  7'47  H).      When  warmed  with  potaasdo-cupric  tArtratc; 
immediately  reduces  the  same  quantity  of  cuprous  oxide  as  would  be  reduced  by  da* 
troglucoae.     (Rigaud,  Ann.  Ch,  Phi^rm.  xc.  195,) 

Qmw^vin  10  resolyed  by  alcoholic  hydrochloric  aeid  into  qumoiTie  acid  uid  qiii]ioTia> 

^^^^  C*'H"C»  +  H'O    =    C"H»0*  +  CW^OK    (Hlaaiweta.) 

Quiftomnxugar  is  obtaiufd  from  the  alc»3hol  containing  hydrochloric  jwid  after! 
ration  of  the  quinovic  acid,  either  by  Rochleder's  method  (p.  866 ),  or  as  follows  : — 1 
liquid  is  neutndised  with  anhydrous  carbonate  of  sodium  (or  carbonate  of  lead),  and  fil- 
tered; the  predpitate  watiihed  with  a  smallquantity  of  s^troug  alcohol;  the  alcohol  distilled 
ok;  and  the  remaining  liquid  evaponit^'d  to  dryness  over  the  water-bath.  The  Ihiek 
residue  ia  dissolved  in  water,  the  aolution  filtercnl  fp^m  the  undie*olr«*^  .-.-♦:...  jj  ^^^. 
porated,  and  the  residue  is  digested  in  absolute  alLv^boL      The  alcoh'  .5  when 

eTB{>cxrated  leaves  the  quinovin-sugar,  to  be  purified,  if  necessary,  I-  .on  and 

decoloration  with  aninuil  charcoaL  It  is  an  amorphous,  solid,  dfiiquo8(.-««tt  nutfl^ 
having  a  faint,  someirhat  bitter  taste ;  it  gives  off  water  when  oontlnuonaly  betted 
over  the  water-bfttk  Dried  at  1(H>°  C,  it  contaitij*  43  31  per  c<^nt.  carbon^  772  hydrogwt, 
und  48-94  oxygen,  answering  to  the  formula  C*H"0**  It  is  isomeric  or  identical  with 
inannitan  ;  smelts  like  caramel  when  heated ;  reduces  potaasio-cupric  tartrate  only  in 
concentrated  solution;  dipsolves  completely  in  alcohol  (inasiwet%  Ann.  CIl 
Plmnn.  cxi.  118.) 

Qami^fOlaiifik?  add  ia  resolved,  by  boiling  with  dilute  sulphuric  acid,  into  quin 
rad,  ftud  A  mbstanee  which  behaves  with  cuprie  sulphate  and  polaah-ley  like  gcap 
— "^-^      (HlasiwelB,) 
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Schuiik's  Rubianie  acid  splits  up  into  aUzarin  and  sugar  when  boiled  with  dilute 
sulphuric  acid,  or  with  aqueous  alkalis,  or  by  contact  with  water  and  eiythrozym. 
C^H*O"+6H0  -  2C*^0*  +  2(?*B''0'\— Rochleder'B  Jiuberythric  acid,  CT^H^'O^ 
or  (?*IP^  0*\  perhaps  identical  with  the  last  substance,  yields  the  same  products  when 
heated  with  hydrochloric  acid.  C»H**0**  -  30»»jH»0«+ C»«//"O'»+10ifJ,  or  C^IP'O** 
«  2C^B*0^+ll  O*B'W"+3H0.    (Rochledep.) 

In  the  complicated  decomposition  of  Schunck's  RvMan  by  the  same  reagenta  and  by 
chlorine,  sugar  is  obtained  together  with  various  otiier  bodies.  Rubihydran  and 
Rubiedehydran  behaxe  in  the  same  way.     (Schunck.) 

Salicin  is  decomposed  into  saligenin  and  glucose  by  contact  with  emulsin: 
C"H"H'  +  H«0  -  (THH)*  +  C«H«0«.    (Piria.) 

The  suear  is  in  eveiy  respect  identical  with  dextroglucose  (Schmidt).  By  boiling 
with  dilute  acids,  saliretin  is  obtained  in  place  of  saligenin.     (Piria.) 

Saponin  is  decomposed  into  sapogenin  and  saponin-sugar,  or  glucose  when  boiled 
with  dilute  acids  (Overbeck,  Rochleder  and  Schwarz).  Stnegin  (isomeric  with 
saponin,  according  to  Bolley)  yields,  besides  sapogenin,  a  substance  which  reduces 
potassio-cupric  tartrate.     (Bolley.) 

Saponin-wgar  remains  in  solution  after  the  sapogenin  has  been  filtered  off,  the  acid 
removed  by  carbonate  or  oxide  of  lead,  and  the  excess  of  lead  by  sulphydric  acid 
and  by  treatment  with  animal  charcoal  and  evaporauion  is  obtained  as  a  tasteless, 
yellowish  brown  residue,  easily  soluble  in  water  (Rochleder  and  Schwarz,  W ien. 
Akad.  Ber.  xL  339).  When  saponin  is  decomposed  with  dilute  sulphuric  acid, 
glucose  remains  in  solution,  after  removal  of  the  excess  of  acid,  and  may  be  obtained 
crystaillised  by  evaporation.  It  has  a  sweet  taste,  and  reduces  an  alkaline  solution  of 
cupric  oxide  in  the  cold  (Overbeck,  N.  Br.  Arch.  Ixxvii.  135).  Crawford  obtained 
gum,  but  no  sugar  from  saponin,  by  means  of  dilute  sulphuric  acid  (Pharm.  Vierte\j. 
vi  361).  Saponin-sugar  dried  at  100^  C.  contains,  according  to  Rochleder  and  Schwarz, 
41-99  per  cent.  C,  6-66  H,  and  61-46  0,  corresponding  to  the  formula  C'*H*K)'». 

Scammony  reain  (C"H*^'«)   and  Scammonic  acid  (C»*H*«0'«.|H*0)  split  up  into 
seammonolic  acid  and  sugar  when  boiled  with  dilute  acids  (or  with  baryta-water) : 
C>*H«K)>«  +  6H«0  -  C"H*»0«  +  3C«H>«0«. 

Like  jalappin  (p.  869),  therefore,  but  with  this  difference,  that  instead  of  the  product 
corresponding  to  jalappinol  (which  is  converted  by  strong  bases  into  jalappic  add)  a 
prod uct containing  1  at.  water  less  is  formed.     (Spirgatis.) 

The  sugar  remains  in  solution  after  separation  of  the  seammonolic  and  sulphuric 
acids,  and  can  be  obtained  in  sweet -tasting  laminae  grouped  in  cauliflower-like  shapes, 
which  behave  like  glucose  with  sulphate  of  copper  and  potash-ley,  when  heated  and 
when  fermented.     (Spirgatis,  Ann.  Ch.  Pharm.  cxvi.  305.) 

Smilacin  is  slowly  decomposed  when  boiled  witii  hydrochloric  acid,  with  separation 
of  a  jelly  and  formation  of  sugar.    (0.  Gmelin,  Delffs,  Walz.) 

Soianin  boiled  with  dilute  acids  splits  up  into  solanidin  and  glucose: 
C«NHX)»«  +  3H»0  «  C»NH«>0  +  3C«H"0«.    (Zwenger  and  Kind ;  0.  Gmelin.) 

The  sugar  crystallises  well,  and  possesses  the  reactions  and  compositions  of  dextro- 
glucose (Zwenger  and  Kind,  Ann.  Ch.  Pharm.  cxviii  149).  Rotatory  power  not 
determined. 

Thi^in  is  decomposed  by  heating  its  alcoholic  solution  with  dilute  acids,  into 
thujetin  and  sugar : 

C*H«0'«  +  2HH)  -  C»*H'*0«  +  C^'K)«. 

When  it  is  heated  for  a  shorter  time,  thujinenin,  C'*H'*0',  may  also  be  formed  in  place 
of  the  thujetin.    Thi\jin  heated  with  ba^rta-water  yields  thi\]etic  add  and  sugar : 

C*»H«0"  +  H«0  -  C«H«0"  +  2C«H'K)«.    (Rochleder  and  Kawalier.) 

When  thujin  has  been  decomposed  by  acids,  the  sugar  remains  in  solution  after 
removal  of  the  thujetin  and  sulphuric  acid  (by  carbonate  of  barium),  and,  by  evapora- 
tion and  drying  at  100^  C,  is  obtained  as  a  colourless  mass,  which  is  easily  reduced  to 
a  white  powder  when  cold,  and  contains  39-83  per  cent  C,  and  6*81  H,  corresponding 
to  the  formula  C*H'*0*  ;  its  aqueous  solution  does  not  crystallise  even  after  standing 
for  several  months ;  it  reduces  the  same  quantity  of  cupric  oxide  as  dextroglucose. 
The  sweet  sugar  of  the  same  composition  produced  by  the  action  of  baiyta-water 
solidifies  (after  the  removal  of  the  baryta  by  dilute  sulphuric  acid,  of  the  excess  of 
sulphuric  acid  by  basic  acetate  of  lead,  and  of  the  lead  by  sulphydric  acid)  to  a 
crystalline  mass  when  its  solution  is  allowed  to  stand  a  short  time  aiter  evaporation 
on  the  water-bath.    (Rochleder  and  Kawalier,  Wien.  Akad.  Ber.  zzix.  12.) 
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Xantkorhamnin  is  decomposed  by  boiliog  iritJi  dilute  acids  into  rhianartitt  l&d 
Bugar: 

C"H«0"  +  3H*0  -  C"H'*C>*  +  2CWK>*.    (Gellatly.) 

C**H"0*  +  OCH'O^  -  2H»0.  (?)— The  calcium-salt  of  this  acid,  preporad  in  a  Bmilir 
manner  to  thnt  of  glucowjlartAric  acid  (aoe  beluw)  appears  to  contain  C^'H'^C^**©**  iffO. 
(Bertholot,  Autu  CIl  Fbys.  [3]  liv.  81,) 

OZitrcoso&ITCCrwzc    Acro.     A  mixture  of  caDe-ffugar  and  ffnociitie  actd  id 

equiTftlent  pnjpnrlions  heatpd  to  between  120^  and  130*  C.  melts  to  a  brown  ffjmp, 
with  elimination  of  vriiter.  Thfi  product  is  an  acid  compound  of  ^lucoeid  with  modnie 
Hi'ulf  which  dt«ompos«B  at  100^  C«  with  formation  of  bummi,  and  formji  with  lime  a 
»ii\i  soluble  in  water,  insoluble  in  alcohol  (V&nBemmelen,  Jahreab.  d.  Chem.  ISfifl^ 
p.  436,) 

MiVCOSOStriiPaHlUC  JkCXn,  Sulpkataec^arie  acid.  C*H**O**.fi0*.  (?) 
(Fell  got,  Ann.  Ch.  Phj^.  [2]  Ixrii.  108.)^Tu  prepare  this  add  1^  pt.  strong  snlpbniio 
nvid  \s  added,  by  small  portions,  to  1  pt  of  glucose  melted  at  thg  heet  of  the  watflS 
b]ith«  the  mixture  being  continually  stirred,  and  the  yesscl,  if  neceisary,  pltingfd  inlo 
coUl  water.  If  the  glucose  is  impure,  or  the  heat  rises  too  high,  the  product  l>«eocD«a 
Kouiewlmt  brown,  which,  however,  dooa  not  aifect  the  purity  of  the  lend-salt.  Tin 
mixture,  diffiistHi  in  a  large  qnaDtitv  of  water,  is  saturut«d  with  carbooate  of  caldiam; 
iK^tatii  uf  Wrium  is  addtd  to  the  filtrate  us  long  &s  a  precipitate  of  sulphiLte of  bvnun 
is  Ihert'by  |m>iluet"d  ;  and  the  liquid,  again  fikcrii?d,  is  precipitated  with  basic  acetate  of 
bud.  If  the  liquid,  aftpT precipitiition  with  acotate  of  barium,  »till  remainji  brown,  \ht 
<'olouring  mattor  m  removed  by  a  small  quantity  of  basii!  acetAte  of  lead,  and  the  port 
haU  la  precipitate<l  from  the  filtrate  bj  a  l&i;^  (quantity.  The  precipitate*  iraihed, 
iind  dccomf^osMl  under  water  with  sulphjdric  acid.  Yields  aquntmt  fflueosoBuipkmic  mid, 
whieh  tafttee  at  the  eame  time  aour  and  swe«t,  reddens  litmus,  deccunposei  when  evap^ 
rated  in  yacuo,  and  more  quickly  over  the  water-hAth,  into  glucose  and  solphnric  acidt 
and  forms  salU^  almost  all  of  which  are  ^lublc.  The  Uadsalt  girea  by  analysis 
1816  per  cent,  carbon.  2*4  hvdrofreu,  4*50  80V  Jind  532  to  55*3  PbK>,  agreeing  appr9£>> 
mattdy  with  the  formula  C«H"0»  S0V4PbK>.   (Peligot) 


Glurotrtmtartark  acid  (Berth  el ot  Ann.  CL  Phys,  [3]  li?.  78).— This  add  ii  pro- 
duced by  heating  d^xtrogluoose  with  tartaric  acid : 

C^'W  +  4C«H*0-  «  C«H"0»  +  6H«0. 

It  appears  to  exist  in  gmpcs  at  the  time  of  ripening.  When  expreaacd  gjBtti^jiyet  W 
saturated  with  chiilk,  filt«'red.  strongly  concentrated,  filterKl  again,  pgeeimtatod  with 
2  vol  alcohol,  and  the  precipitate  purified  bj  washing  with  weak  alcohol,  r^solvtioo 
in  water^  and  re-precipitation  with  alcohol,  a  calcium -salt  is  obt^toed  which  reduon 
pfitiissi o-rupric  tATtrate  lik<*  glucowtartrate  of  cnlciura,  and  is  resolred  by  adds 
into  destroglucoee  and  an  acid  which  exhibits  the  characters  of  tartaric  acid 

Prrpftraikm  o/  the  calcium'-salt. — An  intimate  mixture  of  equal  parts  of  deitio- 
glucosi'  nnd  tartaric  acid  is  heated  for  a  day  or  two  to  120^  C.  in  an  open  Te««l;  tb* 
<^oolcd  mass  is  tntnmted  with  carbonate  of  calcium  and  a  small  quantity  of  water,  and 
the  liquid  is  filtered  Tartrate  of  calctum,  with  the  excess  of  carbonate,  then  rematai 
on  the  filter,  while  the  solution  contains  the  salt  of  the  new  acid,  together  with  excess 
fjf  glucose.  On  precipitHiting  this  solution  with  twice  its  volume  of  alcohol,  «>llecl ' 
the  precipitatji%  washing  it  nith  dilute  alcohol,  dl^HSolving  in  water,  ogun  precipital 
with  alcohol,  and  rt^pcating  the  ^ame  series  of  opeiutions  a  tlurd  time,  the  calcium^ 
ir^  obtained  frn^  from  sugar.  It  is  dried  for  a  week  or  fortnight  in  vacno^  thd 
plctf^ly  by  heating  it  to  liO°  C* 

Aqttrowt  glucotctartarie  aioid  is  obtained  by  decomposing  the  calctiim'Mit  with 
of  oxalic  acid.  

The  oqueouN  i*oIutIon  of  the  acid  and  of  its  salts  is  gradually  resolved  by  boDing  ilifts 
deitrogtueose  and  turtarie  acid,  the  decomposition  being  accelerated  by  a  small  quan- 
tity of  wulphurie  acid.  The  calcium  and  magnesium-salts  reduce  potassio-cuprtc  tar- 
trate.    The  rtcid  %h  not  formcntahle. 

Glucosotartaric  acid  i»  utrabisic.  The  salts  still  retain  water  at  110*>  C  The 
cafdum-mU,  C«H«Ca*0^+  2  aq.,  is  a  white  amorphous  powder,  which  give*  off  HI 
p/*r  cent,  water  at  110«  The  ma^rmtm-sft/t,  C=H*=Mg*0»  23flg»0^  6  «q.,  jires 
ofT,  after  drying  in  vacuo^  26*4  per  cent,  water  at   llii'^.     ThiTn  nrc  two  Uad-mttt, 
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pKjfaip|j«Oa  Trhich  la  iii»olublt%  or  b^oomoa  00  (Juring^  preparation,  and  CH'*Pb^O**, 
wb(ch  is  soluble,  and  aftar  drying  in  racao,  gives  off  10&  jier  cf*iit  wwter  afc  110*^. 

GXiVE.  An  inspissated  jelly  mude  from  the  pariiiga  of  bides  and  other  oflkl,  bj 
boilinpr  them  in  water,  Ptiraining  through  a  wicker  basket,  Buffisring  tho  iinpunties  \a 
subside,  and  then  boiling  it  a  second  time.  The  articles  should  fijst  be  digesti^d  in 
lime-water,  to  claanse  them  from  grease  and  dirt;  tbeu  strepod  in  wat«p,  stimng 
them  well  from  lime  to  time ;  and  histly,  laid  in  a  hi?ap  to  press  out  the  water,  bffor« 
they  are  put  int-o  the  boiler*  Some  mnnufadnir^rs  recommend  that  the  wjtttr  should 
be  kppt  «»  nenr  jib  possible  to  a  builiiiij^  heat,  without  suflTering  it  to  cntrr  into  ebulli- 
lion.  The  giuo  is  poured  into  flat  frames  or  moulds,  cut  into  square  pieces  when  ron- 
gealed,  and  aftorwiirds  dried  in  a  coarse  net.  It  is  said  to  improve  by  age  ;  and  that 
glue  h  reckoned  the  best  which  swells  considerably  without  dissolving,  by  three  or  four 
days'  infusion  in  cold  water,  and  recovers  its  former  dimenmons  and  properties  by  drj'ing. 

Shreds  or  parings  of  yellum,  parchment,  or  wbit#  leather,  make  a  clear  and  afmciat 
csolourlesa  glue.  (Fop  the  details  of  the  manafiicture,  see  Ure's  IHctwnary  of  ArU, 
&L\,  ii.  ST6  ) 

dZiHTSlf  ■,  Wheat -flour  made  into  a  paste,  and  washed  witli  a  large  quantity  of 
water,  separates  intj>  three  distinct  substances; — vegetable  albumin,  which  is 
dissolved  by  the  water,  together  with  a  little  sugar  and  dextrin,  and  toay  be  separated 
from  ii  by  evaporation ;  starch,  which  is  suspended  in  the  fluid,  and  subsides  to  the 
bottom  by  repose ;  and  gluten,  whieh  remains  in  the  hand,  and  ia  tenaciotia»  very 
ductile,  somewhat  elastic;  and  of  u  light  brown-grey  colour. 

The  gluten,  though  it  existed  before  the  washing  in  the  jmlverulent  form,  and  has 
ncqnired  its  tenacity  and  lidhesive  qualities  from  the  water  it  has  imbibed,  is  never* 
theless  totally  insolnble  10  this  Liquid*  It  has  scarcely  any  taste.  Whvn  dry,  it  is 
■emitransparent,  and  resembles  glue  in  its  colour  and  appearance.  If  it  be  drawn  out 
thin,  when  first  obtained,  it  may  b©  dried  by  exposure  to  the  air;  but  if  exposed  to 
warmth  and  moisture  while  wet»  it  putrefies  h'ke  an  animal  substance.  Bried  sluteo 
applied  to  tlie  flame  of  a  candle,  crackles,  swells,  and  burns,  exactly  lilbo  a  feather  or 
piece  of  horn.  Gluten  afl^ords  the  same  products  by  destmctive  diatillatiou  as  animal 
matters.  It  is  eaHily  dissolved  by  caustic  |)otash,  and  precipitated  from  the  solution 
by  acids  in  tumid  flocks.  Strong  acetic  acid  likewise  dissolves  it,  and  leaves  it  on 
evaporation  in  the  form  of  a  tenacious  mass.  When  digested  in  water  containing 
TOTTs  ^^  'nJb  ^^  hydrochlorie  acid,  it  diffuses  itself  tlirough  the  liquid,  gradmiliy  dis* 
Bolves,  and  on  filtering,  yields  a  clear  liquid  which  turns  the  plane  of  polarisation 
of  a  luminous  my  to  the  left,  and  behaves  with  heat  and  with  reagents  exactly  like  a 
solution  of  albumin.    (Bouchardat^  Compt^  rend.  ativ.  962,) 

In  contact  with  water,  gluten  undergoes  gmdual  decom position,  swelling  np,  and 
giving  off  considerable  quantttics  of  carbonic  anhydride,  bydrogi'n,  and  aulphydric 
add.  At  the  same  time,  it  Foflens  and  liquefies,  while  the  wat*T  which  eovers  it 
acquires  an  acid  reaction,  and  lakes  up  leucine,  together  with  phosphate  and  acetate 
of  ammonia,  the  gluten  all  the  while  acquiring  a  darker  and  darker  colour,  and 
ultimately  dissolving  almost  entirely.  Ihiring  these  aevenil  stages  of  its  transforma* 
tion,  gluten  possesses  the  power  of  acting  as  a  ferment.  Thus,  if  a  small  quantity  of 
gluten  or  wheat-flour  be  aaded  to  starch-paiste  difllused  in  water,  and  the  mixture  be 
exposed  for  several  hours  to  a  tempenittire  of  60*^  or  70^  C,  it  lii:|uefie*),  becomes  trans- 
parent and  mobile,  and  ultimately  acquires  a  sweet  taste,  the  starch  being  converted 
first  into  dextrin,  and  then  into  glucose. 

Gluten  exhibits  the  same  percentage  composition  as  the  albuminoids ;  it  is  not* 
however,  a  simple  proximate  principle,  but,  as  first  shown  by  Tad  del  (GiomalefisicA 
di  Brugnatelli,  xii.  360),  maybe  separated  into  two  distinct  substances,  one  soluble 
and  the  other  insoluble  in  alcohol ;  and,  according  to  Kit  thausen  (J,  pr.  Chem.  Ixxiv. 
193,  384),  the  portion  soluble  in  alcohol  may  be  furth<^r  resolved  into  two  substances, 
one  called  mucin  or  vegetable  casein,  the  other  glutin,  gliadin  or  vegetable 
gelatin;  the  portion  insoluble  in  alcohol  ia  called  vegetable  fibrin. 

To  semrate  the«e  suljstances,  Kit  than  sen  proceeds  as  follows :— -Freshly  prepared 
glnten,  oivided  into  small  fraii^entft,  is  digested  for  several  hours  with  alcohol  of  80  or 
S5  per  cent.  The  alcohol  is  then  heal^  to  boiling,  and  after  half  an  hour  the 
supernatant  liquid  is  ^tercd,  or  simply  deeanted,  and  the  mass  of  gluten  is  again 
heated  several  times  with  boibng  alcohol  of  76  per  cent  The  imit49d  ueobolic  liquids 
Income  turbid  on  cooling,  and  after  half  the  alcohol  has  been  distilled  ofll  they 
deposit  on  eoollug  consideruble  quantities  of  floceulent  mnein,  mixed  with  glutin 
and  fat,  and  easily  united  by  agitation. 

To  purify  the  mudn  thus  obtained,  it  must  tben  be  dissolved  in  alcohol  of  60  per  cent, 
and  the  hot  solution  filtered  through  calico,  then  left  to  cool,  and  frequently  agitated 
while  the  deposit  is  forming.  The  clear  liquid  then  retains  all  the  glutin,  together  with 
a  veiy  small  quantity  of  mucin.     Th*"  predpitjaLed  mocio  is  transparent,  floceulent,  ni»d 
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iligblly  coloured.    Aitcr  doeiccation  by  nbsoliite  dcohol,  it  bocomefl  greyish -whites 
gmnuijur»  eiifiy  to  pulverise,  and  of  earthy  a«pecL 

Mucin  is  soluble  in  boiling  aleohoL,  and  in  cold  dilute  acetic  odd:  but,  under  d^ft^in 
cireumivtiinces,  it  beconiea  changed  into  an  insoluble  znodificatioii,  scarcely  ditftingtiiftli- 
tkhlti  from  animal  tibriB,  this  trunftfomiation  talking  place  vbi*D  mucin  is  precipitated  by 
ftinmonla  from  iU  solutino  in  acetic  acid^  when  it  i»  left  for  some  time  m  conta4?t  with 
cold  irut^r,  or  with  riiluti?  alcohol,  and  when  it  is  boiled  for  a  short  time  with  watex. 

The  liLcohoIic  lit|uid  from  which  the  mucin  has  been  depositf'd  contjuna  the  g  1  u  t  i  n, 
together  with  •  amall  quantity  of  mucin.  To  obtain  the  glutin  puna,  the  liquid  most 
be  em|Kif«t«d  orer  the  water-bath,  by  which  the  mucin  ia  c^odcrod  insoluble,  and  the 
glutin  rediasoUed  in  alcohol  or  in  dilute  acetic  acid. 

Glutin*  or  TegetabLa  gelatin,  in  the  hydratcd  »tate,  forma  a  yellowish  limpid  liquid 
of  the  consistence  of  varnish,  and  capable  of  being  drawn  out  into  threads  baring  a 
silky  lustre.  When  desiccated  by  alcohol,  treated  with  ether,  and  dried  in  Tacoo*  it 
forms  a  hard  Mgile  maaa  of  farinaceoos  wh^  By  evaporating  the  alcaholic  solu- 
tion, it  is  obtained  in  a  form  exactly  resembling  that  of  animal  gelatin. 

Glutin  dissolves  easily  in  alcohol  of  40  to  80  per  cent*  the  somtion  remaining  per- 
fectly limpid.  Absolute  alcohol  predpitatca  it  gradually  in  the  form  of  a  whit^ 
granular,  but  adherent  powder«  It  diaaolva  to  a  veiy  slight  extent  in  cold,  and  some- 
what more  freely  in  hot  water,  the  aolution  yielding  awhiteprecipitat«  with  d^/^^onitu; 
aeidf  and  with  £ask  acttate  of  kadt  mercuric  chloride,  sulphate  of  rme,  and  nitrate  of 
eUver,  With  ferric  sulphate  mixed  with  ammonia,  it  gives  the  same  reaction  as 
nftinml  gelatin,  that  is  to  say,  an  orange-coloured  or  brownish  precipitate. 

Glutin  diasolvos  with  blue  colour  in  ht/drochloric  acid;  in  nitnc  add,  it  ffweUs  op 
and  dissolves,  the  solution  yielding  a  yellow  floccolent  precipitate  when  nux«d  wiS 
water.  It  dissolves  partially  in  phosphoric  aeid^  easily  and  completely  in  tartaric  and 
iioi'tic  acids.  On  mixing  the  acetic  solution  with  a  smkll  quantity  of  cupric  ttt^Aal^ 
slightly  supersaturating  with  potash,  and  heating  the  liquid  to  boiling,  a  bladdan  m- 
eipitate  of  eupric  oxide  (?)  ia  formed,  and  the  liquid  acquires  a  fine  permaoeiit  bluih- 
violet  colour.     The  same  reaction  is  exhibited  by  mucin. 

Glutin  ia  soluble  in  the  fixed  alkidis,  less  soluble  in  iimmomkL  The  '^IT^rifitif  solution 
forms  curdy  predpitates  with  metallic  salts ;  carbonic  acid,  ealcium-«alta»  and  acetate 
of  lead  separate  the  glutin  from  it  The  acetic  aitd  alcoholic  solutions  exhibit  similar 
eharactraa. 

Moist  glutin  exhibits  a  fine  red  colour  with  mercnrous  nitrate.     With  fftrong  $ul- 
phurio  aad  and  sugar,  it  first  produces  &  fugitive  yellow  colour,  and  then,  after  half 
an  hour,  a  fine  violet  colour.     Both  glutin  and  mucin,  when  dried  by  heat,  pass  into  i| 
modifications  less  soluble  in  alcohol  and  other  solvents  than  the  original  sabctano 
At  a  strongM'  heat,  glutin  melts,  swells  up,  and  leaves  a  carbonaceous  leoidue^ 

Glutin,  tike  mucin,  appears  capable  of  passing  into  an  insoluble  modificatioo.     Eitt-  \ 
hausen  is  also  of  opinion  that  vegetable  fibrin  is  capable  of  undergoing  a  similar 
change,  and  that  the  oxiatence  of  the  several  constituents  of  gluten  in  the  soluble  or 
insoluble  state  may  account  for  the  differences  observed  between  certain  varietic*  of  j 
whejit  (ft/^  titrfux  and  bli  farineux}.  i 

Tlie  following  are  analyses  of  crude  gluten,  of  glutin  (or  rather  mixtures  of  glutin  ' 
and  mucin)  separated  by  alcohol  from  crude  gluten,  and  of  pure  glutin,  prepared  by 
Ritthausen's  process.     They  show  that  pare  glutin  has  the  same  composition  as  croda  ' 
gluten  itself,  and  that  the  other  constituents  do  not  diffitr  much  in  compoaition  fKtm  it;  " 
hence  it  is  probable  that  all  the  constituents  of  gluten  liave  the  same  peroentage  com- 
position, which  indeed  is  that  of  the  albuminoids  (L  70). 

AntUj/ses  of  Giutm. 
BottMlnfftuli. 


Carbon 
Hydrogen 
Nitrogen 
Sulphur 


526 

72 

16-0 
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68 
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70 
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18*9 


Carbon  . 
Hydrogen 
Nitrogen  . 
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Oxygen  . 
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Joue», 
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7  4 
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Glutin  extracted  from  Gluten  by  At^koL 
Myldet.  BouiilnfaulL 


6493 
7*11 

18'7l 
0-57 


15475 
6  99 

loTl 
002 


hnettatlWP  C. 

DrUd 

imwucuo. 

633         52'8 

641 

534 

7.6           76 

76 

77 

146         14-4 

13*5 
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MO 

51*40 
6-97 

18-03 

21*41 
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Mticfn  yielded  0*98  and  regetiible  fibrin  0  95  per  cent  of  sulphur.  Vegetable  fibrin 
df-hydratad  by  alcohol,  fomjs  »  pulTenilont  mass.     (Ritthauaen.) 

Th«  fats  of  gluten  form  a  yellow  oily  mass,  neutral^  hjiviflg  a  sweet  tuslo,  and  mizjed 
with  crystals.    (Ritthansen.) 

GiiDHberg  (J.  pr.  Chem.  Ixxxr.  213)  has  obtained  i««ti]bi  differing  considerably 
from  thoso  of  Kitthaiuen,  Aec'ordizitg  to  hie  experinientaf  the  substanca  describiyi  by 
Ritthaoiieit  «a  mucin  or  regiotabte  casein  is  not  a  distinct  proximate  principle,  the  deposit 
which  eeparates  from  alcohol  aft^r  boiling  with  gluten,  ponsistingmerely  of  small  fragmeoU 
of  suspended  fibnn.  MorcoTer,  glutin  or  glmdiD,  which  remains  diasolTed  in  the  alcohol 
afler  sepanition  of  this  deposit^  is  itself  not  a  simple  proidmate  principle :  for  cold 
water  extracts  &om  it  a  brown  substance  containing  nitrogen  and  sulphur ;  and  the 
residue  treated  with  boiling  water  yields  a  limpid  aolutioD,  which  on  eooUng  depoiitaa 
substance  &ee  &om  sulphur,  and  containing,  when  dried  at  130°  C,  (»2-77  per  cent,  car- 
bun,  6-7©  hydrogen,  17  06  nitrogen,  and  2278  oxygen.  This  substance,  which  has  nearly 
the  same  composition  as  animal  gelatin,  is  regarded  by  Giinsberg  as  the  tnie  gltitin  or 
vegetable  gelatin.  The  sulphuretted  and  iion-8ulphuretti?d  compounds  just  mentioned 
may  be  extracted  directly  from  gluten  by  socceasiTe  treatment  with  cold  and  hot  water 
without  previous  solution  in  alcohol 

The  proportions  of  gluten  in  wheat-flour  raiy  considerably,  according  to  the  condi- 
tio db  of  growth^  fitich  as  climate^  soil,  manure,  temperature,  &c  The  best  wheat^flouff 
contains  from  10  to  11  per  cent,  of  dry  gluten  ;  iuforior  kinds  from  @  to  9  per  cent. 
In  the  moist  state,  gluten  weighs  about  three  times  as  much  as  when  dry* 

The  floors  of  barley,  rye,  and  oats  differ  considerably  in  |>roiimate  constitution  from 
wheat-flour,  boiling  aJcobol  extracting  from  tbem  fatty  and  reeinous  maltcra,  but  only 
truces  of  glntin.  Indeed  th«*se  grains  cannot  prop^^rly  be  said  to  contain  glutin,  but 
only  vegetable  fibrin*  Neither  is  glut  in  found  in  appreciable  quantity  in  the  flour  of 
peas,  beans,  or  lentils.  It  appears  to  eadst,  however,  in  the  juice  of  the  grape,  and  of 
many  other  fruits,  being  probably  held  in  solution  by  tartaric  or  other  vegetable  acids. 

aXTCHAAIHmril    or    Glyceryl'hydoraminf,      C*H»NO»    -   ^*^*21^"{^,.  — An 

organic  base  produced^  as  a  hydrobromate,  by  paasing  ammonia-gaa  into  a  solution  of 
dibromhydrin  in  absolute  alcohol : 

C*H*Bc»0  +  2NH'  +  H«0  -  NH*Br  +  C'H-NOlHBr. 
By  treating  the  hydrobromate  with  stec^ng  potash-ley,  the  base  is  obtained  as  an  oily 
liquid  easily  soluble  in  water  and  in  ether,  H^drothlorate  of  glyceramhie  becomes 
moist  on  exposure  to  the  air,  and  decomposes  when  heated.  Its  alcoholic  solution 
forms  with  dichloride  of  platinum,  a  double  salt,  C^H'NO^HCLPtCP,  which  separates 
in  orange-coloured  granules.  (Berthelot  and  De  Luca,  Ann.  Ch.  Pharm.  ci,  74.) 
Difflueeryl'dihydorbromamine    or    Hcmibrowhydramidr^     C*H*'BrNO'     ^ 

(C*!!^)""  [  0*,  is  an  amorphous  base,  produced  by  the  action  of  dry  ammonia-gas  on 

(C'lPyJBr 

pure  dibronihydrin  (Berthelot  and  Bo  Luca,  i.  668);  and  the  analogous  compound, 

C*H**C1N0*,  is  obtained  by  heating  epicblorhydrin  with  alcohohc  ammonia.    (Re  b  o  u  1, 

OXiTCSUC  ACra.      C-H-O*  -  V^  g,"^   JO".     (Dobos,  PhiL  Mag.   [4]  XT. 

195;  Ann.  Ch.  Pharm.  cix.  227 ;  Socoloff,  Ami.  Cb.  Pharm.  cvi.  96.) — Produced  by 
the  action  of  nitric  acid  on  glycerin  (Pebua,  Socoloff);  by  the  spontaneous 
decomposition  of  nitroglycerin  (Be  Is  Rue  and  Miiller,  Aon.  Ch,  Pharm.  cix.  122)  i 
and  hy  heating  1  at  glvcf  rin  with  4  at.  bromine  and  a  rolumo  of  water  twenty  times  as 
St  in  a  seded  tube  to  100°  C,  (Barth.  Ann.  Ch.  Phorm.  cxxiv.  341): 
C?»H*0*   +   Br*   +   H'O     «     C^H^O*  -*-   4HBr. 


greati 


+   Br»   + 

PrijMrtiiion,—!  pU  of  glycerin  is  mixed  in  a  glass  cylinder  with  an  equal  bulk  of 
water,  and  1  pt,  of  nitric  acid  of  specific  gravity  15  introduced  l>elow  it  by  means  of 
a  long-necked  iunnel  (100  grms,  glycerin,  100  grms.  water,  and  100  to  160  grms.  red 
nitric  acid  arc  good  proportions).  The  two  layers  of  liquid  graduAlly  wix  and  assume 
a  blue  colour,  and  the  oxidation  of  the  glycerin  proceeds,  acoom{*Hnied  by  a  copious 
evolution  of  gas.  If  the  liquid  becomes  too  hot,  the  action  must  be  moderated  by 
external  cooling.  When  the  oxidation  is  completed,  which  takes  fiv^e  or  six  days,  the 
strongly  acid  liquid  is  divided  into  small  portions  and  STaporated  at  100°  C.  to  a  syrupy 
conabtenoe  :  the  unit^  reeidues  are  diluted  with  water,  and  neutralised  with  chalk  ; 
and  the  resulting  caleium-siilta  are  precipitutcd  by  strong  alcohol.  Tb-  ^'  -  '^  '^hich 
slill  contains  one  or  two  substances)  is  carefully  separated  from  the   [  the 

latter  is  treated  with  warm  water  ;  and  the  solution  filtered  from  the  05  >  i«m 

is  mixed  with  a  quantity  of  milk  of  lime  sufficient  to  produce  alkaUne  reaction,  where- 
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upon  \ho  d^am-salt  of  a  pncnliar  acid  Is  drposU^d.    Th«  Uqaul  nep&nited  from  Hum 

{trecipiL&te,  freed  from  excesit  of  Lime  by  eju-bojiic  add*  awd  uvapo rated  to  the  ciTftil- 
i«ng  point,  yield*  glycerat-e  of  culcinm.  which  may  be  puriii^  by  recry«talli^iLtiaa. 
(Debus).  Aocofding  to  SocoloS^  when  glycerin  is  mixM  with  a  Ijii^. excess  of  nitrie 
acid  of  specific  gnivity  1*360,  at  ordinary  t^roperatures,  oxidation  begins  io  a  fi?rwhoiiri ; 
a  hirge  quaiilitT  of  gaa  is  eTolved  ;  cxystals  of  oxalic  acid  sepamte  in  a  A^w  dajn ;  aad 
the  remaining  liquid  thus  formed  contains  glyceric  acid,  the  cidciiim-ftalt  of  whldi  laay 
be  obtained  as  aboTe.* 

The  acid  ii  obtained  by  decomposing  the  calciam-salt  with  a  quantity  of  oxalic  acid 
exactly  sufficient  to  precipitate  the  lime,  and  evaporating  the  filtrate  on  the  vater-batb 
(Dob us).  Beil stein  (Ann.  Ch,  PharnL  cxz.  226),  eTaporatee  the  proditct  of  the 
reliction  of  nitric  acid  npon  glycerin  in  a  lai^  fist- bottomed  baain,  urer  the  water- 
bath,  dissolves  the  residue  in  a  Itu^e  quantity  of  water,  and  saturates  it  with  oxide  or 
carbonate  of  lead*  The  liquid  boiled,  filtered,  and  concentrated  by  eraporatioa*  de* 
posits,  on  cooling,  crystals  of  glj cerate  of  lead,  which,  when  purified  by  reoystallisa^ 
tion,  and  decomposed  by  Bulphydric  acid,  yield  nearly  colourless  gl^'ceric  acid,  sjta 
thick,  non~crystidli8ing  syrup.  The  acid,  alter  being  heated  for  tome  time  to  105®  Cs.is 
conT'  rted  into  a  »ofi>  very  tenacious,  slightly  brown  mass,  huTin^  the  compositioii  of 
giyetri^:  arthydridr^  C'H*0',  which,  at  140^,  changes  to  a  browniah  maaa  rssemhlin^ 
g;um  arable ;  it  absorbs  water  with  avidity,  and,  at  a  higher  temperature^  giTes  oif  a^ 
Ta}>our«,  turns  brown,  and  burns  with  fiame.     (Debus.) 

Glyceric  acid  is  isomeric  with  pyruTic  add:  it  is  also  homologous  wi til  glyoxylie 
acid  (C*H*0*),  and  bears  the  same  relation  to  glycerine,  CH^O',  that  acetic  acid  b*ars 
to  aleohol. 

Glyceric  acid  treated  with  iWtcfo  q/"  j?AospAor«S  yields  iodoproptonic  a  ' '= 

(see  Pkupioxic  Actd,  DEMVATivas  uf)»      A  mixture  of  glyceric  and 
heated  for  a  long  time  to  200°  C,  appears  to  yield  a  henzoglycme  acid,    (^li  r  s  i  r  t  1 1  n, 
Ann.  Ch.  Pharm.  cxx,  226.) 

The  aqueous  solution  of  glyceric  acid  has  an  agreeably  sour  taste.  -lictr^K-nw  ir,.n  *M 
rinc  without  CTolation  of  gas,  probably  forming  a  lactate  or  proj-  ? 

carbonates,  and  coagulates  milk.     Potash  added  to  a  solution  of  iri  i  d 

precipitates  only  a  part  of  the  iron  ;  the  precipitation  of  copper  from  tiii*  t^LilpU^u  hf 
potash  is  likewise  prevented  by  the  presence  of  glyceric  acid,  the  liquid  yitlJiug, 
however,  a  dark  yeJlow-brown  precipitate  when  boiled. 

Glyceratts. — Glyceric  acid,  though  a  triatomic  add,  nerertheless  appeara  to  e*m- 
tain  only  1  atom  of  hydrogen  replaceable  by  mctala.  It  is  probable,  however,  that  t^>^^H 
remain  in  fz  two  atoms  of  typic  hydrogen  will  be  found  to  be  more  easily  replaceable  lj|^^| 
acid  radicles,  just  like  the  siMJond  atom  of  typic  hydrogen  in  glycolHc  acid  {q.  v.)        ^^B 

The  glyceratea  are  soluble  id  water  ana  crystallise  welL  They  are  oot  reddened 
by  ferrous  sulphate,  and  are  thereby  distinguished  fh>m  the  pyruvates. 

Giyceraie  of  Ammonium^  C-'H*(NII'')0*,  forms  colourless  radifttlng:  cTTstals» 
which  are  very  deliquescent,  roelt  at  a  gentle  heat*  and  at  higher  temp<-ratarus  lura 
brown  and  give  off  ammonia, 

Gljfcerati  of  Barium^  C*H^BaO\  s(^parates  from  a  hot  solution  of  carbonate  of 
barium  in  the  aqueous  acid  in  large  spherical  aggregations  of  concentrically-gronpcd 
laminie. 

Gl^e«rat€  of  Calcium^  C*H*CaO'+  H^O,  crystallises  in  small,  white,  concentri- 
cally-grouped cryatals,  &equeiitly  also  In  nodules  composed  of  microscopic  tables  or 
prisma  By  mixing  a  moderately  strong  aqueous  solution  with  about  an  ei^qaJ  volanw 
of  hot  alcohol,  distinct  crystjUs  are  obtained  beloiigiiiff  to  the  monoclinic  system: 
»P  ,  oP  .  [  QcPco  1  .  ODpQo  .  They  have  a  mi^weom  wstre,  give  off  their  water  at 
about  120°  C,  and  begin  to  decompose  at  160°  The  salt  is  insoluble  in  alcohol 
The  aqueous  solution  pivcipitatea  lead,  copper,  and  ferric  salts.  With  ttitrati^  of  silter 
at  tbe  boiling  heat  it  forms  a  black  precipitate,  and,  on  addition  of  ammonia,  a 
deposit  of  silver. 

Glyaratt  i^f  Ltad^  C"H*PbO\  forms  white,  hard,  anhydrous  oystalline  crusts. 

Glyetrait  of  Fota^sium  (acid),  C"n*KO*.C*n*0*,  is  obtained  in  small  white 
crystals  by  exactly  neutjidising  the  acid  with  carbonate  ci  potassiuroi*  adding  an  equal 
quantity  of  the  acid,  and  evaporating  to  a  symp. 

When  1  pt  of  neutral  giycerate  of  }»tiumum  is  mixed  with  1  pt.  of  hydrate  of 
potassium  diasohcd  in  2  pts.  of  water,  and  the  mixture  is  boiled  down  till  it  pvt*  ' 
wliite  precfpjtiite  with  acetjito  of  lead,  after  acidulation  with  acetic  acid,  the  glyct' 

•  When  th«  moilier^ liquor  f^^parAted  ffom  tli*  crfaUls  of  ihli  cAldum  iiik  «u  uiK«^  « klb  rArbo« 
ofpotaMiiim  m  quanlity  juflicinnt  io  prpctpState  the  whole  of  the  hmr,  and  th«  tillLAhn«>  fiUtatft» 
trmlli«(l  with  nllric  at  id  hhcI  conccrnraicd.  the  frmry  hquiA  diTWitwi  from  the  rTjit«l«  of  ntur  «)»| 
•epiir.-ited  out,  jK'ld<>d  fietrdle-^hAppd  crjiuU  with  a  coiicml rated  toluti<io  af  *ckI  tvltiliUv  oi  ^otHnn 
n«?iit^  (C  proUbly  ctmubed  a  iul>»tatice  of  ihr  nalure  of  ao  alaehi de.    ( .s  o  r  o  I  o  f  (.) 
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acid  is  found  to  be  resolved  into  oxalic  and  lactic  acids,  the  former  being  precipitated 
by  the  acetate  of  lead,  the  latter  remaining  in  solution.  The  glyceric  acid  is  probably 
first  resolved  into  lactic  and  malonic  acids : 

2C»H»K0*  +  KHO    -    C«H»KO»  +   CH'KK)*  +  2HK); 
Gljcerate  of  Lactate  of  Malonate  of 

pouuium.  potaMium.  poUsaium. 

and  the  malonic  acid  is  further  resolved  into  oxalic  and  formic  acids : 

C«H«K«0*  +  KHO  +  HK)  «  C*K}0*  +  CHKO«  +  H* 

(Debus,  Ann.  Ch.  Pharm.  dx.  122).  From  an  experiment  made  by  Atkinson,  it 
appears  that  glycerate  of  potassium,  when  fused  with  hydrate  of  potassium,  is  resolved 
into  acetate  and  formate  of  potassium : 

C»H»KO*  +  KHO  -  C«HT^O»  +  CHKO»  +  HK). 

Glycerate  of  Silver  is  a  veiy  unstable  salt 

Glycerate  of  Zinc^  2C'H*ZnO^  +  HK),  ciystallisee  from  a  solution  of  carbonate 
of  zinc  in  the  warm  aqueous  acid  in  small  colourless  crystals,  which  give  off  their 
water  at  140<>. 

O&TCBRIBBS.  Glycerin-ethers,  Glyeeryl-ethers,  Saponifiable  Fats.  (Chev- 
reul,  Becherches  sur  les  corps  gras  cTori^e  animale.  Paris,  1823. — Berthelot-, 
Ckimie  organique  fondle  sur  la  synthkse^  ii.  12 — 164. — Eekul^  Lehrh.  rf.  org.  Chem. 
ii.  108 — 135.) — These  bodies  are  the  compound  ethers  of  the  triatomic  alcohol,  glycerin. 
Some  of  them  exist  ready  formed,  as  natural  fats,  in  the  bodies  of  plants  and  animals, 
and  many  more  may  be  produced  artificially,  by  the  action  of  adds  upon  glycerin. 

The  names  of  the  glycerides  are  formed,  for  the  most  part,  from  those  of  the  corre- 
sponding adds,  by  changing  the  termination  ic  into  in ;  thus,  acetic  acid  forms  acetins, 
chlorhydric  acid  forms  chlorhydrins,  &a  There  are  a  few  glycerides  containing 
monatomic  alcohol-radicles  instead  of  acid  radicles,  and  these  are  designated  in  like 
manner;  thus,  glycerides  containing  ethyl  are  called  ethylins.  The  names  of  glyce- 
rides which  possess  decided  acid  properties  are  formed  by  prefixing  the  word  glyctro 
to  the  name  of  the  acid  from  which  they  are  formed,  e.g.  glycerotartaric,  glycerophos- 
phoric  acid,  &c. 

The  formation  of  glycerides  takes  place  in  the  same  way  as  that  of  all  other  com- 
pound ethers,  and  indeed  of  all  salts  whatever,  viz.  by  the  union  of  the  acid  and 
base,  with  elimination  of  the  elements  of  water  (sec  Acids,  i.  43,  and  Ethebs,  ii.  509), 
the  number  of  atoms  of  water  thus  eliminated  being  in  the  minority  of  cases  equal  to 
tlie  number  of  atoms  of  a  monobasic  acid  (or  alcohol)  concerned  in  the  reaction,  or  to 
twice  the  number  of  atoms  of  a  dibasic  add,  or  to  three  times  that  of  the  number  of 
atoms  of  a  tribasic  acid.  In  this  manner  there  are  formed  three  series  of  normal 
elycerides,    having  the  constitution  of  triatomic  ethers  derived  from  glycerin, 

B*    \  ^'  °'  (C«H»)"'.(HO)*,  by  the  replacement  of  1,  2,  or  3  at  hydrogen  by  an 

equivalent  quantity  of  an  acid-  or  alcohol-radide,  or  of  1,  2,  or  3  at  HO  by  an  equiva- 
lent quantify  of  the  peroxide  of  an  acid-  or  alcohol-radide  or  of  chlorine,  bromine,  or 
iodine  (see  Ethebs,  pp.  508,  520);  thus: — 


Honoacetin 

Monoethylin 
Monochlorhydrin 
Diacetin     . 

Diethylin    . 

Succinin     • 

Acetochlorhydrin 


C»H'»0*       -  C»H»0«  +  C«H*0»     -    H*0  « 


0»H»H)"       -  C"H^*  +  C«H«0      -    H»0  « 


(CHT) 
C«H«0l0» 
H»J 

(C»n»)'" 

CH*   ^0« 
H* 


.  C«H'aO«     -  C«HH>«  +  HCl         -    HK)  -     ^^h«^   |ci 

(C*H»)'"  ) 
.  C»H»»0»       -  C"HK)«  +  2(?H^0«  -  2H«0  -   (C«H«0)nO« 

H    J 

.  CH^H)'       -  C«HK>«  +  2C»H«0    -  2H«0  -      (<?H^)nO« 

H  j 


CH"0» 


C«n»0»  +  C*HK)«     -  2H«0 


(C»H»)'"  ) 
-(C*H*0«)''fO« 
H     j 


P2tT«n»)  (CH*)**]  ^, 

.  C»H»C10»     -  C»H»0*  +  ^  g^l  -  2H«0  -      C«H»0  l^j 
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Didilorhjdrin     . 
Triiu?etia    - 
Triethylin  * 

Bemosaccmin     , 

Citrin 

AcetodicMorhydrin 
Trichlorhydria    . 
Dibromoelilorhydrm 


(?H*C1'0 


C-H»0-  +  2HC1        -  2WO  «. 


C-H^^O*        =  C'n*0'  +  3C^*0«  -  3H'0 


C*H*0"        -  G»HW   h  3C'H*0    -  3H»0  - 


C"Hi*0«       -  C'HK)«  + 


CH'"0'        =  C^»0»  +  C*H»0'     -  3HK) 


.  c*H*a'0'  ^  cm*o*  + 


C"H*Br»Cl 


*  C?»H"0*  + 


H    {a« 

(C»H*)»  ^ 

(C*H*0*)-("^, 

2HCli   -  ^^^  ^      C*H'0  iC 
3HC1 


HClj 


-  3H"0    = 
-  3H»0  ^ 


Tbere  ia,  howeTcr,  a  considerable  nomber  of  gljcerideSt  whose  formAtioii  i*  attended 
with  the  eliminatioa  of  a  number  of  atoms  of  water  greater  or  leaa  thAn  that  which 
would  bo  indicated  by  the  rule  abov«  given,  *.  g,  : 

Epicblorhydrin  .         .  C*H*OCl  -.  <7H»0*  +  HCl  -  2B^0 

Eptdicblorhydrin         .  C*H*CP  i.-  C"H"0*  +  2HC1  ^  3BH> 

Ctlvcemtartaricacid    .  C^H»»0»  =.  C"H»0*  +  C*H*D«  «  H»0 

Qj'yeerotritartaric  acid  C'*H«0«»  -  C»H»0»  +  3C*H'0*  ^  2H»0 

For  ftdditioiud  examplei,  aee  ths  table  giyen  under  Ethe&s  (p.  520). 

Theae  abnonnal  glyceridea  dilTer  of  coarse  in  atomicity  h\>m  the  nomul  gl^remdii 
wMcb  are  all  triatomia  Those  whose  iDrmatiou  (like  that  of  the  third  and  fouii 
m  the  preceding  table)  is  attended  with  the  elimination  of  a  number  of  wat«r-atoii 
imallfr  than  that  required  by  the  general  rule  arc  of  higher  atomicity  than  the  co 
mal  glyceridea  (see  the  table,  p.  520);  these  are  for  the  most  part  of  decided  a<*i 
cbiiriiCt^T*  Those,  on  the  contrary,  which,  like  the  first  and  second  in  the  above  tab 
elimiiittte  in  their  formation  a  number  of  water-atoms  greater  than  would 
conaiiftent  with  the  formation  of  a  normal  glyc*^ride,  are  of  lower  atomicity,  and  for  t 
moat  part  diatomic.     They  constitute  a  class  of  ethers  galled  glycidi£Kherii,  wh 


(C«H*r 


'or-g^^jO-,* 


may  be  derived  from  a  hypothetical  diatomic  alcohol,  ^     m 

glycide.  Thifl  class  of  compounds  includes  the  chlor-  rtud  bromhydrins  which  j 
oistinguiihcd  in  Berthelot's  nomeneljiture  by  the  prefix  rj>i,  and  are  produced  fn 
the  triatomic  cMorhydrins  and  bromhydrins  by  thu  action  of  alkalis.  (Seo  Gltcd 
Ethers.) 

Occurrence  and  Formati<m  of  Gij^erides. — The  normal  glyceridea  contaniing  ; 
radicles  are  artificially  produced  by  acting  upoa  glycerin  with  the  coiT«spondiiig  aci* 
sometimes  at  ordinary  temperatures,  but  more  frequently  with   the  aid  of  heat 
sealed  tuhes^  the  particular  compound  formed  depending  upon  the  proportioiis  of  ac 
and  glycerin  present,  the   temperatiire  to  which  the  mixture  is  subjected,  and  t' 
duration  of  the  action.     The  chlorliydrins  and  bromhydrins  are  likewise  prodooed 
the  action  of  the  chlorides  and  bromides  of  phosphorus  on  glycerin. 

The  glycerides  which  are  found  in  liTing  vegetable  and  animal  orgaztisma  all  cont 
3  at  of  an  acid  radicle  in  place  of  the  three  replaceuMe  hydrogen-atoms  of  glycerio 
They  are  Identical  in  all  their  properties  with  the  triacid  glyceridea  produced  hj  arif 
ficiai  processes.     Nearly  all  sapmifiable  fata  are  bodiett  of  thin  natore,  only  a  t^ 
yielding  by  this  treatment  alcohols  different  from  glycerin,   e.  g.  spermacetif  which 
yields  ethal,  or  cetylic  alcohol,  and  Chinese  wax,  which  yields  cerylic  alcohol. 

The  glyceridea  which  occur  in  plants  in  the  form  of  oil  or  tallow  are  fbtmd  chieflj 
in  the  svck^I,  and  most  frequently  in  the  testa,  or  seed-coating ;  rarely  in  the  albumei 
(as  in  the  poppy  X  or  m  the  radicle,  or  in  the  fleshy  matter  surrounding  the  seed  (as  i 
the  oUre).     Cf^rm  eacnUntus  contains  an  oil  in  the  root.     In  the  animal  body,  f 
are  for  the  most  part  enclosed  in  the  cellular  tissue  or  in  particular  cavities. 

Fats  are  separated  from  vegetable  or  animal  tissue  by  pressure,  at  the  t« 
of  the  ain  if  they  are  sufficioutly  fluid;  otherwise  with  the  aid  of  beat:  somHifBfi 
however,  the  fat  separates   out  spontaneously  by  simple  fusion;  or  the  f 
dissolved  out  by  boiling  alcohol  or  ether,  in  which  case  it  separates,  s<^^ 

cooling,  aometimes  by  evaporation,  or  on  being  mixed  with  water.     The  i«u 

by  either  of  these  processes  is  generally  a  mixture  of  several  simple  glyceridea,  whic 
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mmy  in  some  cases  he  separated,  m  conaequentN*  of  their  diffbr^nt  fiisibilitj,  hj  pf^Nwing 
th<>ni  at  a  toraporattire  At  whicli  ono  is  solid  and  the  other  liquid  ;  thui»  the  beat  kind 
of  olive  oil  ia  ohtnined  by  filtering  the  crude  oil  at  a  temperature  near  the  frcc^mg 
point  of  water,  only  the  most  fluid  portion  tbc-ii  panaing  through.  Anotber  modM  of 
aepamtijig  fate  is  by  t*ikmg  advantige  of  their  different  dc^gree*  of  aokbility  in  Jileohol 
and  ether.  But  it  is  very  difilcult  to  obtain  a  perfectly  pure  simple  glyceride  by  any 
ef  these  processes. 

Propertiea, — Glycerides  in  the  solid  stote  are  white,  transparent^  or  trnnaluceni. 
Som^  of  them  are  crystidline,  others  have  a  cloae  splintery  friicture  \  specific  gravity 
between  0*892  and  0  930.  At  a  certain  degree  of  cold  they  are  brittle  and  friable,  and 
at  a  lees  degrep,  more  or  leas  soft*  Their  meltiRg^pointa  range  from  20  degrees  or  more 
below  0°  C  to  +  61*  C.  In  the  melted  state  they  form  viscid  oilaj  generBlly  colonrlesn, 
aometimea  yellowish  or  greeniah,  greasy  to  the  toiich,  and  making  a  pormaneot  atain 
on  paper.  They  are  not  volatile  without  decompoaitioo;,  some  only  being  capuble  of 
distillatioQ  in  vacuo.  They  are  oentral  to  vegetable  colours,  inodorous  when  pui*e,  but 
ofYen  have  a  rancid  odour,  arising  &om  indpient  decomposition ;  they  have  little  or 
no  taste* 

Glircerides  are  insoluble  in  water^  sparingly  soluble  in  alenhol^  more  soluble  in  tther: 
they  dissolve  also  in  sulphide  of  carbon.  They  mix  readily  with  mlatUe  oih;  in  the 
melted  state  they  dissolve  sulphur^  pho$pkornst  and  iodine  (which  however  j^radually 
deooropofes  them),  also  camphors^  resinst  and  aikaio'idi.  They  are  not  soluble  in 
aqueous  ammonia,  hut  liquid  fats  mix  with  it  and  form  a  white  pasty  mixture,  called 
linimmt^  which  takes  a  long  time  to  separats. 

Many  glyceridee  are  ausceptible  of  isomeric  modifications,  difiering  in  melting-point 
and  other  physical  properties,  Heintz  observed  that  steann  from  mutton  fat,  enclosed 
in  a  capillary  tube  and  heated  in  a  water-bath,  becomes  perfectly  transparent  at  61** 
or  B2^  C,  op&lesoent  at  a  somewhat  higher  temperature,  reaumea  its  opacity  at  68^, 
and  melta  at  62 — 62'5**. 

These  phenomena  have  been  more  minutely  examined  by  Duffy  (Chem.  Soc  Qu. 
J.  V.  197)  who  finds  that  stearin  ia  ausceptible  of  three  isomeric  modifications,  each 
distinguished  by  a  particuLtr  melting-point .  When  gradually  heated,  it  melts  at  the 
first  of  these  pointa,  via.  at  about  51^  C>,  then  solidities  ■  melts  at  the  temperature  of  the 
sec<}Qd,  t»otidifiea,  melta  at  the  temperature  of  the  third  (about  69^),  and  then  soUdifie* 
only  when  the  temperature  has  fallen  below  all  three.  After  soHdifying  at  this  pcnnt, 
it  may  be  made  to  melt  again  at  the  first,  second,  and  third  mclting-pointa  respectively, 
aolidiffing  as  before,  below  all  three;  and  these  changee  are  producible  in  this 
anocession  to  any  extent,  without  the  slightest  loss  or  gain  of  weight.  As  the  stearin 
approaches  to  purity  (by  repeated  crystallisation  from  ether),  the  interval  between  the 
first  and  second  mclting-pointa  diminishes :  hence  it  ia  probable  that  perfectly  pure 
stearin*  (which  has  never  yet  been  obtained)  would  exhibit  only  two  melting  pomts, 
those,  namely,  which  are  here  called  the  first  and  third. 

The  three  modifications  also  differ  in  density,  the  first  beinff  lighter,  the  second  and 
third  heavier  than  water ;  at  lo*^,  the  density  of  the  first  is  0  9867 ;  of  iho  second 
rolOl,  of  the  third  1*0178.  These  numbfra  apply  to  mutton -stearin  crystnllised 
32  times  from  ether,  and  having  its  third  melting  point  at  697°. 

Similar  modifications  are  exhibited  by  other  glycerides,  viz.  stearin  from  beef-fat,  a 
glyoerin-fat  from  a  kind  of  vegetable  tallow  (the  history  of  which  is  not  exactly 
known),  palmitin  and  raargarin.  The  following  table  exhibits  the  melting-points  of 
theae  fets :  Meitlof-poinu. 

Soiwtfylog  4 

polnti.  1 

Htttton-ateariu  . 

if-steazin 
iBobstance  frtxm  vegetable  taHow 
Palmitin  from  palm-oil 
Margarin  from  butter 
Jtf argarin  (?)  fr<>m  human  fat 

^ le  property  of  existing  in  two,  if  not  three  modifications,  appears  not  to  belong  to 

any  fatty  mibetances  excepting  the  glycerin-fats  :  at  all  events,  the  adds  derived  from 
them  do  not  poasess  it ;  neither  is  it  exhibited  by  stearic  or  cerotic  ether,  cerotiu, 
cerotene,  Chinese  wax,  or  parafilD, 

Ikrompositions  of  Glyeeridet,—!.  By  distinalion.^Oi\y<^dta,  which  yield  volntile 
acids,  such  as  the  aeetins,  bntyrina,  and  valerins,  may  be  more  or  less  distilled  without 
decomposition  j  but  those  which  yield  fixed  acids^  r.  ff,  pabnitin,  olein,  and  stearin,  are 

•  The  parcit  itMrln  which  Dulfy  tilitilncdhia  hern  crpUnUwJ  S2tJraw  fram  ethrr,  mmI  ■nwmnte.l  to 
only  S  Rrammr*  from  3  kdofrair.Tne*  nf  the  crude  ftt  t  It  itlll,  hammtmt,  avP^^Area  lo  be  *>»*  <»♦"«/  !•*•'«  t 
for  th«  rc4ldue  of  the  iuoth#r-M<nior  differed  Id  meltmg  poliil  hj  a**  frt»ra  tbiit  »hi<Ji  crirHani##fl  oai* 


SolWtfylog 

point!. 

1 

3 

t 

.  6l'7°  . 

.  620''  . 

.  64'2°?  , 

.  697* 

.  $0^5     . 

.  51  0     . 

.  63-0       . 

.  07-0 

r .  450     . 

.  45-0     . 

.  62-0       . 

.  64-6 

.  460     . 

.  460     , 

.  617       - 

,  62'8 

.  400     . 

,  40-6     , 

•  61  0       , 

.  62  6 

.  43  5     . 

,  44-2     . 

.  64  6       * 

.  66  0 
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tlmoil  wbollj  decomposed  by  a  heat  of  300'^  C.  and  upwnrdt,  yielding  numeroiiA  hjdw 
Cttrboni,  acrolein,  with  it«  pr«>du(?t8  of  decomposition  (acrjlie  acid  and  acetic  addX 
mom  or  less  of  th©  fatty  aeid  contained  in  taefflyeeride,  and  a  residue  of  charcoal, 
ataoODtiog  to  from  1  to  4  per  cent,  of  the  fat*  When  a  fiit  is  made  to  pass  in  dfO|« 
thfOOgh  an  iron  tube  at  a  low  red  heat,  it  yields  hnt  a  nnaH  qoantity  of  ISqaid 
nrodtlOt^  but  ia  for  the  most  (mrt  reeolred  into  a  miittrire  of  gases  called  oa^^oa. 
poiMflring  great  illtrniinating  power,  and  consisting  of  carbonic  otide,  hydrogefi,  airai 
Mi^  oMant  ^^aSf  the  vapours  of  two  empyreumatic  oila  (probably  C^H*  and  C*H**)  and 

3l.  S^  oxidafioH.—F&ts,  in  conscxjuenc©  of  their  higher  boiling-pointa,  reqiur«  a 
stronger  heat  to  set  them  on  fir«  than  the  greater  number  of  roLitile  oils.  They  huni 
with  a  %'ety  bright  white  flame,  which  deposits  no  soot  unless  the  stipply  of  air  it 
insuifieient. 

Fata  likewiiie  undergo  gradual  oxidation  by  exposure  to  the  air  at  ordinary  tempefs- 
tures.  This  change  t^ea  place  most  iiLpidIv  witt  £&ta  which  are  liquid  at  the  mediiun 
temperature  of  the  ait^  and  the  fixed  oila,  when  they  thickeu^  tnm  rancid,  and  some- 
time!* undergo  spuntaneoos  combustion.  Fats  of  the  stearin  class,  when  piir*»,  are  but 
little  changed  by  cjcposare  to  the  air,  but  when  mixed  with  oily  fats,  as  gesoaUy 
hapneni',  they  exhibit  alterations  similar  to  the  latter.  Some  fixed  oiLi  dry  up  1^ 
oxiaatiou  to  an  elastic  rcsinouH  substance;  others  are  converted  into  a  thidc  grcMy 
mass.  Hence  the  distinction  between  dryifuf  oiUj  such  as  linseed  oil,  and  non-tfrfiiy 
oils,  like  rape  and  olire  oihk 

The  thickening  of  fixed  oils  is  purely  an  efSuct  of  oxidation ;  but  th«  raociditj 
whicli  many  oils  acquire  by  exposnre  to  the  air  appearB  to  depeud  in  a  great  measure 
on  the  presoDce  of  certain  azotLsed  sabatanoot,  sucn  as  gluten  or  cellular  tissue*  which 
puh'efy  on  exposure  to  the  adr,  and  act  as  ferments  in  inducing  a  peculiar  kind  of 
aiv-omposition*  (Sm  On.s.)  Accordingly,  animal  oils  are  peculiarly  subject  to  mncidity 
Oilu  may  be  keitt  from  turning  rancid  by  Appert's  process,  that  is,  by  placing  bottl« 
completely  flU»^  with  them  in  water,  keeping  the  water  for  some  hours  at  the  boilisg 
heat,  and  closing  the  bottk-s  tightly  whUe  the  heating  ia  continued 

When  porous  substances,  such  as  hemp  or  cotton,  are  saturated  with  fixed  oils,  to 
that  the  oil  presents  a  Terr  large  surface  to  the  air,  the  absorption  of  oxygen  takes 
place  more  quickly;  the  dereloproent  of  heat  which  accompanies  it  accefeivles  ths 
process;  this  again  produces  a  moinQ  rapid  evolution  of  heat,  by  which  the  oxidatloo 
IS  further  accelerated ;  and  at  la^t,  if  the  quantity  of  material  is  coiisidcnibW,  th« 
temperature  rises  to  the  point  at  which  rapid  combustion  takes  places  This  spoil' 
taneous  oombustion  of  fixed  oils,  which  is  a  frequent  cause  of  fires,  takes  place  more 
readily  with  drying  than  with  non-drying  oils.  It  may  take  place  in  in  terras  Tazying 
from  a  few  hours  to  several  weeka,  when  considerable  masses  of  lamp-black,  tow,  Hnea, 
paper,  cotton,  calico,  wooDen  stul^  ships'  cables,  wood-ashes,  ochre,  &c.,  are  ^ghliy 
soaked  in  oil  and  packed  in  such  a  manner  that  the  air  has  moderate  acceaa  to  them. 
(8ee  Graham's  ciemicai Btport  on  the  Cnu4e  of  the  Fire  in  the  Steamship  '^Jmiisifn* 
Chem.  Soc.  Qil  J.  t.  34,) 

3.  Chlorine^  bromtTuf^  and  iodine  decompose  fats,  forming  substitutioo-prodads, 
which  have  been  but  little  examioed. 

4,  Fuming  nifrtc  acid  sets  fire  to  drying  oik,  A  mixture  of  this  acid  with  sCzoQg 
sulphuric  acid  sets  fire  eveu  to  olein ;  but  solid  fats  are  but  slowly  decomposed  by 
lumiog  nitric  acid.  When  fats  are  heated  for  some  time  with  dilute  nitric  acid,  the 
products  formed  are  the  same  as  if  a  mixture  of  glycerin  and  the  fatty  acid  had  been 
similarly  treated,  the  glycerin  yieldiog  oxaUc,  and  perhaps  also  acetic  acid,  and  the 
fatty  acid  being  converted  by  progressive  oxidation,  first  into  a  resinous  mass,  then 
into  variaus  other  aciils,  such  as  suberic^  t>imelic,  a>lipic,  lipio,  succinic  acids,  and 
others,  difTering  according  to  the  nature  of  the  origintd  acid.  Olein  yields,  in  addition 
to  the  acids  above-meDtioned,  st^veral  volatile  acids  of  the  series  C"H**0',  from  acetie 
add,  CH^O*,  to  capric  acid,  C'*H*^^  When  weak  nitric  acid  acts  for  a  short  time 
only  on  fkts,  the  oxidising  action  is  exerted  almost  wholly  on  the  glyceryl,  the  fatty 
acid  being  set  free,  occasionally  in  a  somewhat  altered  state. 

6.  Strong  sulphuric  acidt  at  high  tempraturcs,  browns  and  blackens  fala,  ginng 
oflT  sulphurous  and  sometimes  formic  acid,  and  forming  a  resinous  mn'"  -  ^$tanos 

like  tannin,  and  a  coaly  substance,  all  of  which  appear  to  coutai  -  add. 

Sulphuric  acid,  gontly  boated  with  twice  its  weight  of  fat*  separate  iiy  acid, 

and  forms  suiphogl^ctrie  acid,  C'H*0*.SO*. 

6,  Ammcnia  discomposes  the  glycerides  into  glycerin  and  the  amide  of  iho  add  eon- 
tained  in  them  (B ert li  e I o t,  11  o n  i s,  Roy n ey),  e, p. : 

C'»n'^*  +    NH*  -  G^H'NO    +   C»IPO« 

Itcnxoicm.  Beiuiimide. 

7.  8aponiJication.—  Q\yc^nAi?9L,   as  already  ob-H^rved,   are  decomposed  by 
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alkalis  and  other  hydrated  oxides,  yielding  glycerin  and  a  salt  of  the  fatty  acid,  called 
a  soap.  Thus,  when  stearin  is  acted  upon  by  canstic  potash,  the  products  are  glycerin 
and  stearate  of  potassium. 

((S^HT.|0..3KH0    »    (C'H:rjo..3(C"H-Ojo). 

The  stronger  the  base,  the  lower  is  the  temperature  at  which  the  saponification  may 
be  effected.  Caustic  alkalis  can  saponify  fats  at  ordinaiy  temperatures,  especially  if 
the  action  be  assisted  by  agi^tion;  weaker  bases,  such  as  oxide  of  lead,  also  the 
alkaline  carbonates,  require  a  boiling  heat,  and  water  requires  a  very  high  tempera- 
ture, such  as  can  only  be  produced  under  increased  pressiire  or  by  the  use  of  super- 
heated steam  (p.  886). 

At  a  temperature  at  which  the  tension  of  water-vapour  is  from  five  to  six  times  that 
of  the  atmosphere,  4  pts.  lime  suffice  to  saponify  completely  100  pts.  fat  in  presence  of 
water  (Milly).  One  pt  lime-soap  heated  with  an  equal  weight  of  water  and  40  times 
its  weight  of  olive-oil,  to  166°  or  166°  C,  decomposes  the  oil  completely.    (Peloure.) 

Glycerides  may  also  be  saponified  hj  anhydrous  oxides,  e.g.  by  lime,  barj-ta,  stron- 
tia,  and  oxide  of  lead.  When  tallow  is  heated  with  ^  or  rather  more  of  its  weight  of 
quicklime  to  about  250°  C,  the  whole  of  the  fatty  acids  contained  in  it  are  converted 
into  lime-soaps,  and  the  mass  treated  with  water  yields  glycerin.  During  the  saponi- 
fication, water,  acetone,  and  glycerin  are  given  offe  amounting  to  2  or  3  per  cent,  of 
the  tallow.     (Pelouze,  Compt.  rend.  xlii.  1001.) 

When  a  glyccride  is  boiled  with  excess  of  alkali,  the  product  is  always  a  neutral 
soap,  and  if  the  quantity  of  alkali  present  is  less  than  sufficient  to  neutralise  the  whole 
of  the  fatty  acid  present^  part  of  the  fat  remains  undecomposed.  100  pts.  of  hog's 
lard  require  for  complete  saponification  18  pts.  of  hydrate  of  potassium,  the  product 
then  consisting  of  neutral  stearate,  oleate,  &c,  of  potassium,  without  excess  of  either 
acid  or  alkali ;  but,  if  100  pts.  of  lard  are  boiled  for  60  hours  with  9  pts.  of  hydrate 
of  potassium  and  a  small  quantity  of  water,  a  homogeneous  muss  is  obtained,  con- 
sisting of  neutral  stearate,  &c.  of  potassium,  mixed  with  half  the  fat  in  its  original 
state.  The  mixture  thus  formed  is  almost  wholly  soluble  in  alcohol,  and  does  not 
form  grease-spots,  a  property  on  which  the  power  of  soap  to  remove  grease-spots 
chiefly  depends.  The  same  mixture,  boiled  with  a  large  quantity  of  water,  is  decom- 
posed into  soluble  soap  and  unaltered  fat     (C  h  e  v  r  e  u  1. ) 

Some  glycerides  are  decomposed  when  heated  with  alcohol  in  sealed  tubes,  yielding 
glycerin,  and  the  ethyl-ether  of  their  acid,  e.ff. : 

C'lT^O*  +  C»H«0     -     C«H'K)»  +   C»H»0»; 
MoDobutjrrin.  Butyratc  of 

ethyl. 

but  most  glycerides  are  thus  decomposed  only  when  an  acid,  such  as  hydrochloric  acid,  is 
present,  or  a  quantity  of  alkali  not  sufficient  to  neutralise  the  whole  of  the  fatty  acid 
(Berthelot);  e.g.: 

C""H"»0«  +  KHO  +  2C«H«0    -   C'»H»*KO«  +  2[C'*H»(C»H»)0*]  +  CH»0». 

Tristeario.  Stearate  of  Stearate  of  ethyl. 

potasaium. 

A  simple  fat,  when  saponified,  yields  glycerin  and  only  one  acid  ;  but  if  the  fat  is  a 
mixture  of  several  glycerides,  which  is  generaUy  the  case  with  natural  fats,  each  of 
these  yields  a  peculiar  acid  ;  so  that,  for  every  acid  yielded  by  a  fiatty  mixture,  a  cor- 
responding glyceride  may  be  supposed  to  exist  therein. 

To  ascertain  what  acids  have  been  obtained  by  the  saponification  of  a  fat,  the  first 
thing  to  be  done  is  to  decompose  all  the  soap-salts  with  dilute  sulphuric  acid,  and  then 
separate  the  volatile  from  the  fixed  acids  by  distillation.  The  several  volatile  acids  in 
the  distillate  may  then  be  further  separated  by  fractional  distillation  ;  acetic,  butyric, 
and  valeric  acids,  better  by  Liebig's  method  of  partial  saturation  with  potash,  and 
subsequent  distillation  (i.  260). 

To  separate  the  fixed  acids,  H  e  i  ntz  (Pogjg.  Ann.  Ixxxiv.  221)  dissolves  the  mixture 
in  such  a  quantity  of  alcohol,  that  nothing  separates  out  from  the  solution  at  0°  C, 
and  adds  to  the  boiling  alcoholic  solution  a  quantity  of  acetate  of  lead  sufficient  to 
convert  about  half , the  acids  into  lead-salts,  the  quantity  of  the  crystallised  acetate 
required  for  this  purpose  being  generally  about  one-third  of  the  weight  of  the  acid 
mixture.  Any  precipitate  which  forms  at  the  boiling  heat  is  to  be  redissolved  by  a 
few  drops  of  acetic  acid,  and  the  solution  left  to  cool.  The  liquid  is  then  filtered 
from  the  salts,  which  separate  in  the  solid  state,  by  filtration  and  pressure,  and  the 
fatty  acids  are  separated  from  both  the  dissolved  and  the  solid  lead-salts  by  sulphuric 
acid.  The  fractional  precipitation  is  then  to  be  repeated  in  the  same  manner  in 
both  portions  of  acid,  till  the  products  no  longer  exhibit  any  alteration  of  melting- 
point  or  other  physical  properties.  [For  Chevreul's  method  of  separation,  see  his 
"Recherehes  sur  les  corps  gras; "  also  Gm.  vii  233.]    The  s^wrstion  of  the  fatty 
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ftcids  is  on  tba  whole  a  len  difficult  problem  than  that  of  the  f«ts  theniMilTv* ;  wAttA 
the  onlr  waj  of  obtainuig  nn  abw:»laU'lj  pure  giT<airide  is  to  produce  it  artiiiciill/  by 
the  tiction  oJ  th«  corrnipooding  acid  upon  glyc4Tno- 

The  following  is  a  liflt  of  the  fatty  acids  which  have  been  obtttlnod  Iroiii  mtisil 
glyoeridea : 


1.     VotatiU  acid^. 


Bntyiia 

Valeric 

Caproic 

Caprj^Uc 

Capnc 

Hercic 

Sabadiilic 

Cpotoriic 

Bicinie 


? 
? 


% 

f^xed  acids. 

Lanroatfftriis 

C"H«0» 

Cocinic 

.  cm^y 

M^Tiatic 

.  r"H^c»» 

Benic? 

1  •  1  .  U  »«<>* 

Mofiugic 

■  >i 

Linolcic 

.    '*.  •* 

Palmitic     . 

*         « 

.  C»H»0* 

HjpogjBie    . 

.  C»'H-0» 

Margaric     . 

. 

.  C"H»H)» 

OWic  ElMdic»  and  lUcijjoleic  C*»H«0» 

Stearic 

•         • 

.  C'H'K)* 

Arachidio    . 

•         • 

.  C-H*0« 

AoooTding  to  Hcinta,  mar^aric  acid  ia  mirelj  a  mixture  of  st«ane  ftnd 
Adda ;  and  bpuic  acid  is  identical  with  palmitic  add. 

The  neutral  fats  corresponding  to  setoral  of  these  acids  bare  not  been  obtained  in 
the  RPpHtJit^  state,  their  existence  being  merely  inferred  from  the  formation  of  eop- 
responding  ucida  in  the  saponiiicatiau  of  mixed  fats. 

The  normal  gljccrides  contatDing  acid  radicles  are  apecially  described  aiUr  Om 
acTeral  acids  (see  AcBTiNg,  BirmtiMa,  CwLomwrnjosB^  &c).  The  add  ^jcrndea 
(glyoerophoephoric  acid,  &c.)  and  the  gljddic  ethers  (p.  895)  will  be  de^ribed  ni 
separate  articles.  We  shall  here  describe  the  normal  glyceridea  contninisg  monat conic 
alcohol-radicles,  of  wluch  the  following  hare  been  prepared  and  analysed  by  Bebotl 
(Ann  Ch,  Phya.  [3]  Ix.  5;  Jal^sb.  d.  Chcm,  1860,  p.  462),  and  by  Rebonl  Mil 
Louren^o.    (Compt,  rend.  liL  466;  Jahresb.  1861,  p«  674.) 

Glyceridu  coniaininff  Mimatamie  Alcakol'radides. 


Ethylin C^H^K)* 

Amvlin C»H'*0« 

Eth*ylchlorhTdrin       .         ,         *         ,  C*H'«O0» 

Aravlchlorhydrin        .         ,         .         *  (?Hi»C10» 

Ihethylin C'H^'O* 

Ethykmylin C'*F^K>* 

Dinmjlin  ......  C«»H"0« 

Biethylt-hlorbydrin    ....  Cm'*C10" 

Ethjl-ehlorobrumhydrin 
Tripthylin         .     "  . 

The  |v1ycerin-othors  containing  1  at.  of  a  monatomic  alcohol-radielf 
arc  produciKi :  1.  By  the  combination  of  a  glyddic  ether  conlni&in|r  &  monatcaio 
alcohol-radide  (p.  8»6)  with  H*0,  HCl,  BBr,  &c. ;  thus, 

H» 

AmfUa* 


C'H'fC»H'»)0«. 
C«mc«H*)C10». 
C»H*rC*H")aO*. 
C*H*(C*H')*0». 

CH'(C»H»fC10*. 
C*H'*BrC10  ^  C'H\C*H»;iBrC10. 


Atnfl-glrridle 


[*)-\ 
in    I 

^     I 


0\ 


C'H* 


O' 


HCl 


(CH«} 


ether. 


H      J 


CI 


Ethyl- chlw- 
hjdrio. 

By  the  acttoD  of  a  sodium-alcohol  on  monochlorhydrin  : 

Ctilmhytlrio.  Etbjiiite  _..    ..- 

of  todlum.  EthjJua. 


o*. 


Glycerin-ethera  containing  2  at  of  a  monatomic  alcohol-radiell 
prodQC<*tl  by  the  action  of  ethyl-  or  amyl-chlorhydrin  on  n  sodiom-alcnbol :   thus. 


^j)ci 

Klhylthlorhjpilrla 


Na 

AmyUti*  of 

lodlum. 


!<> 


Had    + 


(Cmy 


H      } 


O*. 


H 

KlhjFtAmjtlit, 
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Diethjlin  and  diamylin  are  howeyer  more  oonyeniently  prepared  bj  the  action 
of  tile  soiuom-aloohola  on  dichlorhydrin,  e.^. : 

DichlorhydrlB.  Amjrlateof  J^       ) 

Diamylin. 


or  on  epichlorhydrin,  in  which  case  it  is  probable  that  a  glyddie  ether  is  first  formed, 

XSS:  AmyLtlof  Amjl-gljddic 

'  lodtum.  ether. 

and  this,  uniting  with  the  free  alcohol  nsnally  present  in  the  sodium-alcohol,  forms  the 
glycerin-ether : 

AmrUglyckUc  Amyl-  ^       J 

ether.  alcohol.  IMmmyttn. 

Diethylchlorhydrin  is  produced  by  the  action  of  pentachloride  of  phosphorus  on 
diethylin : 

and  this  compound,  treated  with  ethylate  of  sodium,  forms  triethylin : 

(C?H»VjCI     +        Nap         "        -^'^     -*•      (C«H»)'(^- 

Triethylin  may  also  be  obtuned,  though  less  pure,  by  the  action  of  iodide  of  ethyl 
on  the  sodium-salt  of  diethylin : 

(C«H»)«|o«  +  C«H»I        -        Nal  +  ^(^.^Ji|o». 

The  methods  above  described  for  the  preparation  of  the  ethyl-  and  amyl-derivatiTes 
of  glycerin  are  eyidenUy  of  general  apphcation.  Another  gen<*ral  method  of  preparing 
the  glyoerides  in  which  all  three  atoms  of  the  typic  hydrogen  are  replaced  by  aloohol- 
radides,  is  to  treat  a  sodium-alcohol  with  the  compound  lesulting  fix>m  the  union  of  a 
fflyddic  ether  with  an  ordinary  monatomic  ether:  thus  epichlorhydrin,  C*H*C10,  heated 
m  a  s^ed  tube  with  bromide  of  ethyl,  CH^Br,  forms  ethylchlorobromhy  drin, 

[  O ;  and  this   compound  treated  with  2  at  of  a  sodium-alcohol  yields  a 
C«H*    J  Br 
glycerin-ether  containing  8  at  of  a  monatomic  alcohol-radicle^  e.  g, : 

[O  +  2(^5  (O)  -     Naa  +  NaBr  +     C«H»     [o«. 

C«H»    JBr  ^AmJiLi/                                              (C»H'«)«j 

EthyLchloro.  Mdium.                                                           Ethyl-diainyUn. 
bromhjdria. 

Ethylin,  C*IPW.— Obtained  by  adding  chlorhydrin  to  ethylate  of  sodium,  heat- 
ing the  resulting  mass  to  200^  C.  to  expel  the  excess  of  alcohol,  treating  the 
residue  with  water,  and  then  with  carbonate  of  potassium,  agitating  with  ether,  evapor- 
ating the  ethereal  solution  over  the  water-bath,  and  submitting  the  residue  to  repeated 
fractional  distillation.  It  is  an  oily  liquid,  boiling  between  226®  and  230®  C,  soluble 
in  water,  and  predpitated  therefrom  by  carbonate  of  potassium.    (RebouL) 

Etkyl-chlorhydrin,  C*H"C10*,  obtained  hj  affiUting  ethyl-glyddic  ether 
with  fuming  hydrochloric  acid,  is  a  combustible  liquid,  having  a  pungent  ^ppeiy 
odour,  boiling  at  180^  C,  insoluble  in  water,  somewhat  soluble  in  hydiochlonc  add. 
(RebouL) 

Diethylin^  C*H**0",  obtained  by  the  action  of  ethylate  of  sodium  on  dichlorhydrin, 
is  a  liquid  whose  vapour-density  is  by  obserration  <-  5*22;  by  calculation  (2  vol.)  «- 
514.    (RebouL) 

Diethylchlorhydrin,  C*H»»C10«,  is  a  liquid  of  spedfic  gravity  1006  at  17<>  C; 
insoluble  in  water,  miscible  with  alcohol  and  ether. 

Ethylchlorobromhy  drin,  C*H**BrC10,  is  a  heavy  oily  liquid  boiling  between 
186®  and  188^,  insoluble  in  water,  but  soluble  in  all  proportions  in  akohol  and 
ethiV.     Obtained  by  heating  epichlorhydrin  with  bromide  of  etIijL 
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TrietKylin^  (7H*0*,  obtained  bj  hetliiig  di^hjlchlorhydrin  irith  etfajkte  of 
iio<Jiuni  to  120"^  0>,  evaporating  tbi)  excflw  of  alcohol  over  the  w»tcT-bath,  and  tz<Mtn^ 
the  n  T^iduc  vnih.  wsit^r.  is  a  eolottrteas  oil,  boiling  b«tireeii  ISC^  and  190^  C^  iiuoliihfe 
\3i  WHti*r,  soluble  in  dcohol  and  eth**r* 

Amylin^  C'H'"0',^ — Beboul  obtained  this  compound  by  heating  amTUgljeidic  ether 

with  water  to  200*  C.  in  a  sealed  tube  for  leTeral  honra ;    ^  ^^^J,  J  D*   +    HK)  * 

C*II'*0'.  Two  \Ry^T9  then  form,  the  npper  of  which,  when  agitat^  with  aijiiaoai 
carbonate  of  potassium,  to  rtmove  water»  then  distilled  and  rcpeat«d]Y  rectiflad,  yidib 
aiii^jlin  a«  a  ealourl«?8B,  thickiwh  liquid^  of  Ppeciflc  graTitjOQS  at 20"  C.  It  btinu  wtCh 
a  bright  tiiime;  boil*  bPtwc<Mi  260  aod  262°  C. ;  is  solnblo  in  water,  1  volmne  o#  fl 
mixing  with  2  toL  water,  but  not  with  moro ;  and  niixi^  in  aU  proportions  with  ctlur. 

Amifl-rht<rrhifdrin,  C^"C10*  -  C"H*(C*1P')C10^  obtained  bj  agitating 
amyl-glycidic  etln'r  with  fuming  hydrochloric  acid,  is  an  oily  liquid  of  specific  grarity 
lo'ut  20'=  C.  boiling  at  235°,  insoluble  in  watw.     (RebouL) 

Am(/l'hromhydrin  and  Amyt-iodh^drin  are  obtained  in  like  manDar. 
Th^  latter,  whi^h  m  produced  with  riolent  action,  is  a  heary  liquid  haTing  a  r«pidatf<s 
odour,  and  not  volatile  without  decompoBition*     (RebonL) 

Diamylin  C^»H»0»  -  C^*(C*H'»)»0\  obtained  bj  treating  diehlorhydrin  with 
amylate  of  sodium^  disaolTing  out  the  resulting  chloride  of  sodium  with  wat^,  dii^ 
ttllmg  th(>  liquid  which  rises  to  the  surfttce,  and  rectifying  the  p— -<  —  -^^jich  r  ~ 
ori«r  li^^tween  276*^  and  29{P  C,  is  a  strong -smell  in  |^  liquids  of  spt>  Oi 

9^  C,  lH)iling  between  272^  and  274°,  insoluble  in  water,  not  m  y 

tlL!4%ti>d  with  hydrochloric  add  to  lOO^  C.  in  dosed  vessala,  it  yield*  ckloride  o^amjt 
(RebouK) 

Ethylamt/iin,  C'lF'O*  »  C*H«((7H*)(0*H")0*,  prepared  in  Hke  mann»  by 
the  action  of  amylehlorhydrin  on  ethylate  of  sodiuni,  is  a  liquid  of  specific  gnyitj 
0  92,  boiling  between  238^  and  240®  C,  j  boming  with  a  bnght  flame^  ioeolnbid  in 
water. 

Poljf  Ijeerldea.  These  are  glvcerides  derived  from  2  or  more  molecnlm  of  glj- 
eorin,  *Mthr  r  by  nimple  dehydration  m  variouji  degrees,  or  by  dehydration  and  the  re- 
phiccMiiuut  of  the  whole  or  part  of  the  remaining  typic  hydrogen  by  add  or  akohol* 
mdicles,  f,g*i 


lotamvt 


2C''n'0»-H«0 


2C'II*0"  +  8C*H*0-4H»O 


2C«H*0«  +  %Qm*Q  +  HCI  -  4H»0 


3C«H"0»+4(?H«0-6HM> 


=  ^    H*^l^'*     Pj-roglreerin. 

«  (C*H7[0».     TriethyUpyrcglyt^m. 


H    i 


H     J 


Chlorhydro-diethyl-pyro- 
glycerin. 


Tetrethy  I*  triglyceriiu 


For  the  special  description  of  these  compounds  see  Gltcrsti^  Ktdiiatss  ow  (pv  t^%\. 

OX»TCi:iav«      C'H*0"  =    (^'^rjO'  -  (C-HT<HO)».       PHncipe  dauM  i09 

huihg,  Ckhms,  Oihmkrr.  (Gm.  ix.  486.— xiii,  566;  Gerh.  i  763  :  ir.  91Z)— This 
substance  is  produced  from  most  of  the  fixed  oils  and  solid  fiita  existing  in  the  bodies 
of  pluula  ttod  unimals  by  the  process  of  saponitlctition*  thiit  is  to  say,  by  treating  these 
fiitty  bixlie*  with  mi  alkali,  or  other  metallic  oxide,  in  presence  of  water,  l'*t 

it.'iclf  Ht  u  hl^'h  tempemtiire.     It   does  not,  for  the  roost  part,  exist  r.  i« 

tiiUural  fiit*i,  but  in  formed  from  them,  together  with  a  fiitty  acid,  hy  uA,,,: 'U» 

elentenrs  of  water,  just  nn  alcohol  may  be  producer!  from  acetate  of  cthyL  li*  -' 
glycerin  is  an  alcohol,  and  bears  to  the  fats,  stearin,  olein,  &c,,  the  same  relstioii  t-n; 
alcohol  bearn  to  thp  compound  ethers.  (iSee  Ai^conout,  Etucrs,  and  Gltciuupxs.)  U 
WHS  discovFn?d  in  1779  by  Sejieele,  who  obtained  it  in  tlie  preparation  of  lead-plaster  b; 
asponifyiog  lard  with  ox'idc  of  lead.  Che  vreul  (fterhtnhes  sur  /<v  corpsgrat  itrnft^ 
mtUnnfr,  1823)  Jlft**^^'a^ds  whowcd  that  it  is  a  constant  product  of  the  sapooifleatioa  ef 
the  oFfiinary  ftits,  and  pointed  out  the  rebtions  just  mentioned ;  and  tiie  t^c^tA  tt- 
searches  of  Berth  clot  (Ann.  Clt  Fhys.  [3J  xli.  2ltf)  on  the  synthcaia  of  lata  Ij  tb» 


i 


GLYCERIN.  885 

direct  action  of  acids  npon  fflycerin,  have  sliown  that  this  body  is  a  triatomic  alcohol, 
in  which  1,  2  or  3  at.  of  hydrogen  may  be  replaced  by  acid  radicles,  producing  fatty 
or  oily  compounds,  some  of  which  are  identical  in  composition  and  properties  with  the 
natural  fats,  stearin,  palmitin,  &c 

Glycerin  exists  ready  formed  in  a  few  vegetable  oils,  in  palm-oil  for  example,  from 
which  it  may  be  obtained  hj  simple  treatment  with  boiling  water.  Pasteur  has  shown 
that  it  is  always  produced  in  the  alcoholic  fermentation  of  sugar,  to  the  amount  of 
about  3  per  cent  of  the  sugar  decomposed,  and  that  it  occurs  in  all  fermented  liquors, 
especially  in  wine.    (Compt  rend.  xlvi.  667  ;  xlvii.  224.) 

Artificial  i^orm^i/ion.— Tribromide  of  aUyl  heated  with  acetate  of  silver  yields 
triacetin,  and  triacctin  treated  with  caustic  allcalis,  baryta-water  for  example,  yields 
glycerin  (Wurtz,  Ann.  Ch.  Phys.  [3]  li  97) : 

C«H*Br»   +  Ag«(C«H»0)»0»     -     3AgBr  +   (C«H»)'"(C'H»0)»0»; 
Tribromido  of         3  at.  aceUte  of  Triacetin. 

allyl.  .    silver, 

and 

(C'H»)'"(C«H«0)»0«  +   3BaH0     -     Ba"(C«H»0)«0«  +  (CTI»)'"H«0«. 

Triacetin.  3  at.  acetate  of  barium.         Gljcerln. 

This  reaction  docs  not,  however,  afford  the  means  of  synthetically  forming  glvcerin 
from  inorganic  constituents :  for  tribromide  of  allyl  has  hitherto  been  obtained  only 
from  iodide  of  allyl  (iodotritylene),  which  in  its  turn  is  obtained  from  glycerin  itself 
The  process  is  therefore  more  strictly  analogous  to  the  formation  of  glycerin  by  ordinary 
saponification  than  to  a  true  synthesis. 

PrejMiration. — 1.  By  saponiJficatUm  with  oxide  of  had. — Five  pts.  of  finely  pounded 
litharge  are  heated  with  nine  pts.  of  olive  oil  or  any  other  glyceride  and  a  small  quan- 
tity of  water,  the  mixture  being  stirriMl,  and  the  water  renewed  till  the  oxide  of  lead 
is  converted  into  a  plaster ;  the  wat«ry  liquid  is  then  separated  from  this  plaster,  and 
freed  from  lead  by  a  stream  of  sulphydric  acid  gas,  and  the  filtrate  is  evaporated  to  a 
sjTup  over  the  water-bath. 

For  many  years  all  the  glycerin  of  commerce  was  obtained  by  this  method ;  but  it 
was  very  apt  to  retain  small  quantities  of  lead,  the  presence  of  which  is  very  objection- 
able in  any  therapeutic  application  of  glycerin. 

2.  From  the  alkaline  mother-liquor  oj  the  soap-works  (from  which  the  soap  has  been 
8«'parated  by  means  of  common  salt)^  by  neutralising  with  sulphuric  acid  ;  removing 
the  excess  of  that  acid  by  carbonate  of  barium  ;  evaporating  the  filtrate  to  a  syrup ; 
digesting  it  for  several  days  with  alcohol ;  separating  the  alcoholic  liquid  from  the  sul- 
phate of  sodium  which  crystallises  out ;  decolorising  with  animal  charcoal ;  again  eva- 
porating to  a  syrup ;  exhausting  the  residue  with  strong  alcohol ;  and  finally  eva- 
porating the  filtered  solution  over  the  water-bath  (Ri  egel).  This  process  is,  however, 
too  troublesome  and  expensive  for  use  on  the  large  scale. 

The  separation  of  glycerin  from  spent  soap-lyes  may  be  more  economically  effected 
by  means  of  superheated  steam,  a  method  of  doiug  which  has  been  patented  by 
H.  Reynolds  (lUth  of  June,  1858).  The  liquid  may  be  first  reduced  by  eva|)oration, 
and  raised  nearly  to  the  boiling  point,  by  being  passed  through  a  heated  still- 
like vessel,  or  heated  in  any  other  convenieut  vesseL  It  is  then  passed  into  a 
second  vessel,  where  it  is  met  by  a  jet  or  jets  of  superheated  steam,  at  a  tempera- 
ture of  3^0°  to  400**  Fahr.,  which  raises  it  to  the  boiling  point  and  evaporates  the 
glycerin,  carrying  the  vapour  upwards  with  it,  and  leaving  the  salts  to  deposit  in 
file  vessel.  If  greater  purity  is  required,  it  may  bo  obtained  by  repeating  the  pro- 
cess, and  the  little  colour  that  remains  can  easily  be  removed  by  animal  charcoal  or 
chlorine. 

3.  From  the  residue  of  the  manufacture  of  stearic  acid  for  candles.— In  this  process 
tallow  is  saponified  by  lime,  and  tiie  glycerin  separates  from  the  calcium-salts  of  the 
fatty  acids  in  the  form  of  a  brown  liquid,  which  may  be  purified  by  evaporating  to  a 
syrup,  treating  the  residue  with  alcohol  as  above,  expelling  the  alcohol  from  the  fil- 
tered liquid  by  distilhition,  digesting  the  solution  with  oxide  of  lead,  till  a  portion  of 
the  oxide  is  dissolved,  then  filtering  and  removing  the  lead  by  sulphydric  acid.  The 
object  of  this  treatment  is  to  free  the  glycerin  from  a  peculiar  acid  which  is  pro- 
duced during  the  saponification,  and  forms  with  lead  an  insoluble  basic  salt.  The 
liquid,  after  being  treated  with  sulphydric  acid,  has  merely  a  slight  yellowish  tint, 
which  may  be  completely  removed  by  animal  charcoal  It  is  then  concentrated  by 
evaporation. 

A  process  better  adapted  for  preparation  on  the  large  scale  is  that  of  M.  Cap.  The 
liquid  containing  the  glycerin  from  lime-saponification  is  concentrated,  and  afterwards 
treated  with  sulphuric  acid  to  remove  the  remaining  lime.  It  is  then  boiled  and  agita- 
ted in  a  close  vessel  to  expel  volatile  fatty  acids,  left  to  cool  when  it  has  attained  the  den- 
tityof  1-07  (14®  of  Twaddell's  hydrometer),  then  rendered  neutral,  if  necessaxy,  by  the 
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iiddition  of  carhooaf^  of  lime.  Aft«r  thh  Ike  boiling  is  renewedf  and  <^iitiDii«d  HQ  tli* 
liquid  marks  ST'd**  Tw.  (specific  gravity  1187),  when  it  la  a^a  coolwi,  and  anj  fiiip- 
thep  depofiit  of  sulphitt«^  of  lime  removed  by  fijtrution,  Finallj,  the  liquid  is  coacea- 
tmted  bj  eTuporation  to  49^  Tv.  (sped^c  myity  1*245),  and  |Mu»»e<l  through  washed 
aaimal  charcoal  to  remove  the  ooloor.  This  reanciM  the  denaitj  to  49°  IV.  (m 
gravity  1*225),  but  by  careful  cone<^titration,  a  fbnrth  part  of  the  water  majr  1 
iDOvedp  and  the  denaity  raised  t^  61  2^  (8p<H!ific  gravity  l-256)» 

Thii  mi'thod,  when  properly  carried  out,  yields  a  Terj  pure  product,  Imt  it  ]■ 
whut  compli<?at«d,  aad  imleaa  great  atteatioD  m  paid  to  every  pfljl  of  it,  small  qnastitiei 
of  lime  are  apt  to  remaia  ia  the  glyceria,  readeriag  it  unfit  for  many  piirpo8c«^  ecpe- 
cittlly  for  use  in  medicine  and  pharmacy. 

3*  Hf/  htaiing  neutral  faU  mtk  water  or  «nth  steam. — Thia  is  the  only  tmobjectioil- 
ablc  method  of  obtaining  glycerin^  inasmuch  as  it  alone  ensures  tJbe  entire  abaaaee  &t 
minerul  impuritiea.  It  waa  first  carried  out  bv  Mr.  Tilghman  in  the  f  jlloving  maDer. 
The  fat  or  oil  luiving  been  thoroughly  mixed  to  an  emulmoa  with  alxtut  half  iti  bijk 
of  warm  water,  h  forced  by  a  pump  through  a  long  coil  of  Btroag  iron  tubing  b«at<d 
to  about  the  temperature  ^  melted  lead,  the  pump  being  workea  at  such  a  rate  thai 
th»  liquid  may  occupy  about  ten  minutes  in  travelling  through  the  eoiL  On  taming 
from  the  coil,  the  liquid  separates  into  two  layers^  the  upper  of  which  conaista  of  the 
fatty  acid,  and  the  lower  of  an  aqueous  solution  of  glycerin,  which  requires  only  to  ba 
concentrated  by  eTaporatioa. 

This  process  ia  very  simple,  and  is  capable  of  yielding  very  puro  products.  It  has 
not,  howevcT,  Ijceu  earned  out  on  a  very  large  scale  in  the  form  jnat  described,  bot  t£ 
appears  to  huve  led  to  the  invention  of  the  method  bj  which  nearly  all  the  pttre 
glycerin  of  commerce  is  now  obtain ed,  viz.  the  decomposition  of  the  fats  by  disulla* 
tion  in  an  atmosphere  of  superheated  steam. 

The  distillation  of  fatty  t>odie&  and  the  introduction  of  steam  into  tke  ap 
wo 5  6r*»t  Muggeated  by  Chcvreul  and  Oay-Luasac,  in  1825,  and  the  procesa  w: 
Wiii\ls  carried  out,  with  various  improvements  and  modificatiatts,  by  s«T«fil 
and  nijtnufiicturers.  both  in  this  country  and  in  Fmnce.  But  all  these  procriMffl  had 
for  their  *tpeeial  object  the  preparation  and  purification  of  the  fat  acids,  not  of  tbs 
glycerin ;  indeed,  tha  temperatare  employed  was  generally  so  high  that  the  glycerin 
was  completely  decomposed,  giTing  off  intensely  acrid  fumes  of  acrolein,  and  leaving  a 
charred  residue.  The  distillation  of  fata  in  an  atmosphere  of  steam  in  such  a  manMr 
tis  to  obtain  the  glycerin  as  well  as  the  fatty  adds,  was  first  efl^ed  by  the  proee«i 
alx>ve'montioned,  putentcd  by  G*  F*  Wilson  and  G.  Payne  on  the  24th  of  July,  1W4. 
The  process  is  as  follows : 

An  ordinary  still  nod  condensing  or  refrigerating  apparatus  is  employed,  pidfeients 
bluing  given  to  one  with  an  ample  refrigerating  surface.  The  bottom  of  tbe  stil]  is 
heated  by  a  fire  provide<l  with  a  damper  to  the  flue  or  chimney,  that  the  oootents 
msiy  not  be  heated  above  the  desired  temperature.  In  charging  a  still,  a  quantity  of 
neutral  or  partially  neutral  fats  is  introduced  into  the  heated  still,  and  heat«)d  stsan 
is  introduced  below  the  fats  or  oils,  eo  as  to  riae  up  through  them  in  niimrr 
streams,  care  being  taken  that  the  temperature  of  the  matters  in  the  still  shidl  not  i 

to  the  temperftture  which  will  de<'ompo»e  the  glycerin,    A  thermometer  is  inserted  i    

the  still  fo  indicate  the  temperature  of  the  contents,  and  it  is  desirable  in  all  cases  with 
neutral  fats  and  oiln,  to  keep  the  beat  below  60<Fand  above  550**  Fahr,;  the  glyeeria 
is  then  not  decomposed,  but  comi^  ov^t  very  pure.  When  the  fats  or  oals  art  only 
partiiilly  neutrnl,  which  is  very  commonly  the  case  with  palm-oil,  the  draught  of  ^ 
fireM  may  be  quickened!,  and  the  process  hastened  so  long  as  there  are  fat  aeids  in  \' 
still ;  hut  HB  Htxm  as  the  fat  iicids  have  passed  ovf^r,  if  the  temperature  is  much  ab' 
600*^  Ftthr,,  iiorolein  will  probably  be  formed,  particularly  if  steam  be  not  freely  s  _ 
plied,  its  production  being  quickly  indicated  by  its  pungent  smell,  and  its  action  on 
the  eyes  of  persons  near  the  condenser.  Charges  have  nevertheless  been  worlced  otf 
at  higher  tempt^mtures,  keeping  ap  a  very  plentiful  supply  of  stesjn,  and  the  glycerin 
has  not  been  dcromp05*etI ;  still,  there  is  no  superior  result  obtained,  whilst  Ibcre  i* 
greater  hastard  of  decomposing  the  glycerin. 

It  is,  however,  most  convenient  to  retain  tha  contents  of  the  still  rather  under  thsa 
above  600°  Fahr.  (keeping  up  a  free  supply  of  steam)  during  the  whole  prooeoa^ 
whether  the  fats  or  oUs  be  nentral  or  partially  neutral.  The  external  heat  immedi* 
ately  under  the  still  should  be  very  mcidenite,  the  heated  steam  admitted  into  tha 
still  being  chiefly  dcpiinded  on  for  maintaining  the  higher  t<?mppnitura.  Difl^rent 
neutral  futty  and  oily  Bubstances  appear  to  vary  in  some  degree,  but  not  to  a  great  e*« 
tent,  in  regard  to  the  temperature  at  which  they  may  be  distilled  most  quiekly  to  aa 
atmosphere  of  steam  without  decomposing  the  glycerin. 

When  a  still  with  a  refrigerator  or  condenser  in  successive  commrtiQ«Ql»  IB  mti^ 
each  provided  with  a  cock  to  druw  oflTtbe  distilled  and  condensed  prodoctP,  whleh  h  tk$ 
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most  oonyenient  arrangement,  it  is  fonnd  that  the  products  which  flow  from  the  hottest 
of  the  condensers  are  for  the  most  part  free  from  water  and  glycerin,  the  greater  part 
of  the  glycerin  passing  off  with  the  products  which  condense  in  the  compartments  of 
the  condenser  more  distant  from  the  still,  where  the  temperature  is  lower; 
and  in  all  the  receivers,  the  fat  acids  quickly  separate  from  the  glycerin  and  water, 
when  allowed  to  stand  and  cool  for  a  short  time.  The  compartment  of  the  condenser 
most  distant  from  the  still  is  open  to  the  atmosphere,  no  pressure  being  necessary 
within  the  still  and  condenser. 

When  the  glycerin  is  required  in  a  more  concentrated  state  than  it  is  when  it  comes 
oyer  and  is  condensed,  the  water  contained  in  it  may  be  more  or  less  separated  by 
evaporation. 

The  process  of  distillation  just  described  may  also  be  employed  to  purify  glycerin 
repored  by  either  of  the  old  processes,  such  as  saponification  by  lime  or  oxide  of 
lead. 

For  the  description  of  various  forms  of  apparatus  for  distilling  fats  with  superheated 
steam,  see  Richardson  and  Wattes  Chemicat  Technology^  i.  part  3,  p.  754. 

4.  Lastly,  glycerin  may  be  separated  from  fata  by  the  action  of  hydrochloric  acid. 
When  castor-oil  is  dissolved  in  absolute  alcohol,  and  hydrochloric  acid  gas  is  passed 
through  the  heated  solution  for  some  time,  and  the  liquid  is  agitated  with  water,  an 
aqueous  solution  of  |^lycerin  is  obtained,  surmounted  by  an  oily  liquid.  On  decanting 
the  watery  liquid  with  a  siphon,  evaporating  to  a  syrup,  and  treating  the  residue  with 
ether,  that  liquid  dissolves  out  the  fatty  acids  of  the  castor-oil,  and  leaves  the  glycerin. 
(Rochleder,  Ann.  Ch.  Pharm.  lix.  260.) 

Properties. — Glycerin,  concentrated  as  much  as  possible  by  evaporation,  is  an  un- 
crystalUsable  syrupy  liquid,  colourless,  inodorous,  sweet  to  the  tast€,  neutral  to  test- 
paper.  Its  specific  gravity  is  1-260  at  \S'5^  C.  (60°  F.)  When  it  is  distilled/)^  se, 
only  a  small  portion  passes  off  undecomposed,  but  in  an  atmosphere  of  steam  it  distils 
without  decomposition. 

Glycerin  dissolves  in  water  in  all  proportions.  The  following  table  exhibits  tlie 
specific  gravities  and  freezing  points  of  aqueous  solutions  containing  different  per- 
centages by  weight  of  glycerin. 


Glycerin 

Spoclflc 

Freesing 

Glycerin 

Specific 

Freezing 

per  cent. 

graTitj. 

point. 

per  cent. 

gra»ity. 

point. 

10 

1024 

-1«C. 

60 

1169 

20 

1051 

-2-50 

70 

1-179 

below 
^-36'^C. 

30 

1-076 

-6«           \ 

80 

1120 

40 

1105 

-17-60  y 

90 

1-232 

50 

1127 

-81-34°    1 

94 

1241 

When  an  aqueous  solution  of  glycerin  freezes,  only  a  portion  of  the  water  passes 
into  the  solid  state,  while  a  more  concentrated  solution  of  glycerin  still  remains  liquid. 
(Fabian,  Dingl.  pol.  J.  civ.  345.) 

Glycerin  dis»3lves  also  in  all  proportions  in  alcohol  and  in  chloroform^  but  is  insolu- 
ble in  ether. 

Glyctrin  dissolves  iodine  in  larpre  quantity,  forming  an  orange-yellow  solution, 
without  decomposition.  Aqueous  glycerin  dissolves  arsenioua  actd  more  abundantly 
than  pure  water,  the  solution  depositing  part  of  the  acid  on  standing,  and  more  quickly 
when  boiled.     (Schiff,  Ann.  Ch.  Pharm.  cxviiL  86.) 

With  baryta^  strontia^  and  limey  glycerin  forms  compounds  soluble  in  water  and  not 
precipitated  by  carbonic  acid.  Even  in  the  anhydrous  state,  it  dissolves  considerable 
quantities  of 'potash  and  soda.  It  dissolves  all  di liquescent  salts^  and  many  others,  e,y. 
the  sulphates  ofpotassiumy  sodium^  and  copper,  the  chlorides  of  potassium  and  sodium, 
&c.  Aqueous  and  even  anhydrous  glycerin  dissolves  oxiele  of  lead^  and  consequently 
does  not  precipitate  a  solution  of  Imsic  acetate  of  lead.  Other  bodies,  insoluble  in 
water,  are  not  dissolved  by  anhydrous  glycerin  (Pelouze).  Sesquichloride  of  iron 
mixed  with  a  large  quantity  of  glycerin  is  not  precipitated  by  alkalis  or  alkaline  sul- 
phides (H.  Rose).  Sulphate  of  copper  mixed  with  glycerin  forms,  with  a  small  quan- 
tity* of  potash,  a  precipituto  which  dissolves  in  excess  of  potash ;  but  the  resulting  blue 
solution  decomposes  below  100^  C,  depositing  bluish  flakes. 

Glycerin  dissolves  the  vegetable  acids,  and  dissolves  or  suspends  the  vegetable  alka^ 
lotds  in  the  same  manner  as  aqueous  liquids,  the  resulting  pro<lucts  being  available 
for  the  same  purposes  as  though  mixed  with  oiL  Thus  the  salts  of  morphine  dissolve 
in  it  completely,  even  cold,  in  all  proportions.  Sulphate  of  quinine,  in  the  proportion 
of  one-tenth,  dissolyes  in  it  when  hot,  but  when  cold,  separates  in  clots,  which,  when 


8B8 


GLYCERIN. 


triturated  with  the  Bupenjatant  liquid,  gir*  it  th*  conaiirteiice  of  a  c«mle»  Terr  ittcfe]  iar 
frictioiw  and  embrocations.  It  is  the  aann*  with  the  salts  of  bructHe^  tifycJminef  furs- 
trinr^  and  roost  preparatioDB  of  the  same  order. 

Usa, — The  BolTcnl  powers  of  glycerin,  its  unctnouB  chawcter.  Btid  its  pwwiettj  €f 
retniiining  liquid  eyen  at  low  temjHnnturea,  together  with  its  perfect  hjtniUBMiMi^ 
render  it  a  riduable  agcut  in  pharmacj,  as  an  excipient  for  rarioas  sulwtAiiOMk  sad  Idt 
many  other  purposes^  as  in  the  prepamtion  of  coisoietics.  It  is  used  also  for  raixiBf 
with  map,  forming  the  **  glyccrio-sosp  "  recommexided  for  softening  the  skin.  It  hu 
been  found  very  useful  as  an  outward  appU cation  in  8kin-dia«as«s  and  inftamiiiatioflf 
of  the  muoous  menibrunes  of  the  nose,  mouth,  Sm.,  and  has  been  uae^  in  diseases  of 
the  vy^  and  ear,  and  as  a  substitute  for  cod-li?er  oil  in  the  treatmieiit  of  phUikis;  b«l 
lis  efficiicy  in  these  latter  cases  is  not  yet  satisfactorily  prored. 

GIj(<t-nn  may  also  be  used  for  preservixig  articles  of  food,  ei^ieeiallj  tboam  wMA 
require  to  be  kept  moist,  as  supcar»  fruits,  ehoeolate^  &e.,  enclosed  in  tin  caa«a.  Meat 
Itef^ps  well  in  it,  retaining  its  flarour  and  softness.  A  rery  useful  applioatioo  of  it  is 
to  mix  with  tobacco  for  the  purpose  of  keeping  it  moist, 

Bam^wil  rtjeommends  the  use  of  glyccnn  for  ki^eping  modelling  clay  moiiet  It  k 
also  tisefnl  as  a  solvent  for  gum-arabic  and  white  of  egg,  the  solutions  remwsing 
unaltered  for  a  long  time,  and  for  anilim-vhlrt  (anileine  or  indUme) ;  th©  solnbility 
of  thici  colouring  matter  in  glyeerin  has  not  been  exactly  Asoertauied,  but  it  appsus  to 
diR^otve  more  freely  in  that  liquid  than  in  alcohol  or  acetic  acid.  (C.  Grot-Kenaod, 
Rep,  Chim.  app,,  1859.  p.  427.) 

Amndon  (Technolofri^^te,  January  1858,  p.  191),  desdibea  a  proG«aa  of  madder* 
dyeing  with  the  aid  of  glycerin.  Alizarin  and  alcoholic  iiiadd6r<^xtraGt  diasolre  ro 
glyccrid  eren  in  the  cold;  at  higher  t ompe rat urei  more  quickly  and  in  larger  quantity, 
so  that  the  liquid  acquires  a  deep  scarlet  colour.  The  alcoholic  extract  of  madder  dof» 
not  yield  any  deposit  on  cooling,  or  on  addition  of  water,  but  the  solution  of  ali£ari& 
in  glycerin  deposits  red  flocks  on  hetog  mixed  with  water. 

Mos§r^.  Vasseurs  and  Houbi^nt  havo  patented  (^ay  21,  1856\  the  np^^lteation  of 
glycerin  for  the  preparation  of  ink,  paper,  and  other  materiala.  Glycerin  diluted  with 
fuur  or  five  times  its  weight  of  water,  imparts  to  paper  the  pe^uliArity  of  retainLnj?  a 
permanently  damp  condition,  ^o  that,  in  taking  copies  of  letters,  Sec,  writ  r  r 

so  prepared,  pressure  and  damptnp  of  the  copying  paper  T^nll  not  be  r* 
writing  paper  may  be  prepared  tiths^r  by  introdueing  glycerin  into  th©  pul^^  i  ..  ...-^  it 
IS  to  be  rasnufacturt^,  or  by  damping  it  therewith  after  it  has  been  made  up  auto 
buoks  or  ntherwiw.  Or,  ink  muy  be  prepart'd  or  combined  with  glycerin,  and  writings 
etffcted  with  th»»  ink  so  trcut'^l  wlU  remain  for  a  long  period  in  a  sufficiently  dAmp 
stilts-  to  allow  of  cupiea  or  impressions  l»eing  taken  without  pressure  or  damping  of  die 
copying  paper. 

Glycerin  may  also  be  employed,  instead  of  common  salt,  for  preserving  untanned 
skins  and  hidt^,  especially  when  intended  for  exportatioD,  and  therefore  requiring 
rapid  muans  of  applying  a  pn^scrving  agent  Paste,  cement,  mortar,  mastic^  and  other 
matters,  especially  when  intended  for  daily  u^^e,  may  be  treated  with  glycerin,  in  e»jd«pr 
to  keep  them  in  a  suitably  damp  coudition  ;  this  tr»*atment  wDl  also  hare  the  elR<i  «f 
preserring  them  from  frost  Vesicatory  or  blister  papoT,  lint,  and  te^ile  fabric^ 
particularly  cloths,  mpn,  and  bandages,  intended  for  medical,  or  surgical 
may  bf  treated  with  glycerin  to  render  them  absorl>ent. 

As  glycerin  never  freeaes,  and  is  not  altered  by  exposure  to  the  air,  it  maj  be  t 
Tftntjigeously  applied  as  a  lubricator  for  delicate  machinery,  such  as  clockwork.  J 
thi-"'  purpose"  it  is  superior  tc*  the  purest  olein  or  oleic  acid,  the  lubricants  eommo 
used,  i\^  the  fumitr  thickens  by  oxidation,  and  the  latter  solidifies  at  a  few  degrees 
below  the  frccxing  pcvint  of  water.  It  may  also  be  added  to  the  water  of  gas-meters  to 
prevent  freexing  and  evaporation.  The  introduction  of  a  few  drops  of  it  into  the  tube 
of  a  mercurial  pressure-gauge  is  said  to  prevent  the  mercuTy  from  sticking  to  thf  frur» 
face  of  the  gla^,  and  thus  enable  it  to  record  the  pressure  more  exactly,  (F  riedheim, 
BingL  poL  J.  clxvi.  237.) 

Lastly,  it  is  well  adapted  for  filling  the  JlcKiting  compasses  used  on  board  sen 
»ttparaer8,  being  preferable  for  that  purpose  to  water,  alcohol^  or  fluid-tar*  the  liqu 
hitfjrrto  employed,  because  it  neither  solidifiea  in  cold,  nor  evaporates  In  hot  climab 
(Santj,  Compt,  rend.  li.  1093.) 

InipuritfVs  and  Adu/trration^. — Ghrcorin  prepared  by  the  older  methods  (I  and  3, 
p.  876)  is  apt  to  be  Cfinfamfnated  with  small  quantitii's  of  lead  or  lime,  Tbe  former 
may  be  ditectcd  by  sulphy.^ric  acid;  the  latter  by  dlswdring  the  glvcwnn  in  its  owu 
volume  of  alcohol  contaiBing  I  per  cent,  of  sulptiuric  acid,  in  whii3i  case,  if  lime  i* 
present,  a  precipitflfe  will  be  formed.     (Cap,  X  Pharm.  [3]  xxv.  8L) 

Glycerin  prepared  by  dist illutioa  is  free  from  these  and  all  other  mineral  impuriti«»; 
bwt  the  great  extension  which  hat  of  late  years  been  given  to  the  industrial  applktttidiia 
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of  this  (Compound  Ims  led  to  the  practico  of  adiiltpratinff  it  with  Tarions  kinds  of 
SQgur,  This  iidiiltei-?ition^  oren  if  it  amouuta  to  thr<!?o-fourtn3  of  the  entire  liquid,  is  not 
easilj  detected  by  ordinarj'  observation,  since  the  eugjur  docs  not  &\tet  eitlier  tli«  inisie 
OP  tbo  Byrupy  character  of  the  glycerin ;  but  it  may  always  be  discoTerecU  what«TfSf 
the  kind  of  sugar  employed  for  adiilterationj  by  examining  the  liquid  with  polan86id 
light,  inasmuch  as  all  kuidi  of  augar  (excepting  mannit^,  which  in  too  cosily  for  the 
purpose)  tura  the  plane  of  pdansation  eithe^r  to  the  right  or  to  the  kft,  whereas  gly- 
cerin is  totally  dej*titnte  of  optical  rotatory  power.  The  only  kinds  of  sugar  likely  to 
be  used  for  adultt^niUng  glycerin  are  cane-migar,  starch-sugar,  and  synnxs  containing 
nnej^'stalliBa.ljle  siignr  (p.  864).  The  two  former  of  tbefle  sugars  turn  the  plane  of 
polanaation  to  the  right,  though  in  different  degrees ;  the  third  turns  it  to  the  left ; 
moreorer  cane-sugar  when  boiled  for  about  tea  minutes  with  onit^tenth  of  its  volume 
of  strong  hydrochloric  aflid,  is  tntt'rttdy  that  is^  ^^oEl;Tert^^d  info  Ijpvo-rotAttory,  uncrystaili- 
a&ble  sugar  (p.  864),  whereas  Hturch-siigar  (dcxtroglucose)  remains  unaltortHi  when  thu# 
treated*  The  direction  of  the  rotatory  powej  possessed  by  the  solnlion  before  and  nfter 
treattnent  with  hydrochloric  acid,  serTcs  therefore  to  distingmsb  between  these  two 
kinds  of  augar.  The  oyitical  method  serves  alao  to  determine  the  quantity  of  either 
kind  of  sugar  u^ed  to  adulterate  the  glycerin  ;  but  for  the  mode  of  applying  it  for  t-hia 
purpose,  we  must  refer  to  the  artido  SACCHABncKTiiT. 

Another  method  of  detecting  and  estimating  either  kind  of  sugar  in  glycerin  is  by 
means  of  chloroform^  in  which  glycerin  dissoWoa  with  ease,  whereas  cane-sugtir  and 
glueose  are  quite  insoluble.  The  liquid  is  first  heated  to  expel  the  water  contained  in 
it,  then  mixed  with  chloroform  ;  the  whole  m  then  poured  upon  a  taredi filtept  and  re- 
peatedly washed  with  chloroform,  after  which  the  filter  with  its  contents  is  dried  at 
10t>o  C.  and  weighed.     (Paliii»  Zeitachr.  anal  Chem.  1862,  p.  486:) 

The  presence  of  glucose  may  idso  be  detected  by  boiling  the  liquid  with  c&uatie 
potash  or  aoda  :  if  glucose  is  present.,  a  brown  colour  will  be  produced,  whereas  glycerin, 
either  pure  or  adulterated  only  with  cano-sngar,  will  not  produce  this  colour  (Cap; 
Pttlm  ).  According  to  Palm,  the  presence  of  cane-sugar  may  be  detected  by  adding  a 
drop  or  two  of  diluis  sulphuric  add,  and  heating  the  liquid  in  the  water-bath  till  all  t  ho 
water  is  expelled ;  if  cane-sugar  is  present^  the  liquid  ultimately  blackens,  an  effect 
which  Is  not  produced  by  glycerin,  either  pure  or  containing  only  glucose. 

Dtc^mpomti&ns. — L  Glycerin  distilled  per  *e  passes  over  partly  unaltered;  "but  liie 
greater  portion  Buffers  decomposition,  yielding  acrolein,  acetic  add,  empyreumjitic 
oil^  eombustible  gas,  and  carbonic  anhydride^  together  with  polyglyceric  compounds 
(p.  994).^2.  Distilled  with  f>h&»phi>ric  anftydn^r,  it  yields  a  distilLite  of  purs 
acrolein  (C«H*0  -  C*H"0»-  2H*0).-^3.  Distilled  with  amd  sulphate  of  potasthm^ 
it  also  yields  acrolein^  but  mixed  with  acrylic  acid  and  other  secondary  products, 
likewise  gi^g  off  sulphurous  anhydride,  and  letiring  a  carbonaceons  residue. — 
4*  With  firee  access  of  air,  glyc<*rin  bums  with  a  clear  fiiirae  like  an  oil.  —6.  Anhy- 
drous or  nearly  anhydrous  glycerin  in  contact  with  platinum'Uatk,  becomes  bested, 
gives  off  a  abghtly  acid  vapour,  and,  accoriiin^  to  X'obereinerj  is  converted  into  a 
non-volatile,  uncrystallisable  acid,  which,  with  aidfof  heat,  reduces  mepenrons  nitrate 
Btul  nitiate  of  i^ilver.  If  the  experiment  1:mo  made  in  oxnrgen  gas  over  mei^cniy, 
ooroptete  absorption  takes  place  in  a  few  hours,  the  same  acid  is  formed,  but  is  ulti- 
mately converted  into  watf<r  and  carbonic  anhydndc. — 6.  When  the  squeons  solu- 
tion of  glycerin  is  evaporated  in  contact  with  the  air,  a  brown  substance  is  fonn«d 
which  is  pecipitated  by  basic  acetate  of  lead — 7.  Glycerin  is  rapidly  decomposed 
hyvero*id$ofmanganfse  and  hydrochloric  or  svi^hurie  aeid,  yielding  carbonic  auhydrids 
ana  a  large  quantity  of  formic  acid. — 8.  Glycenu  is  oxidised  by  nitric  ficid,  the  nature 
of  the  products  varying  acsording  to  the  manner  in  which  the  action  takes  place.  If 
it  be  moderated  by  external  cooling,  and  by  carefully  pouring  the  nitric  acid  to  the 
bottom  of  the  aqueous  glycerin,  so  that  the  liquids  may  mix  gradually,  the  chief 
prodnctfl  are  oxalic  acid  and  glyceric  acid,  C*H*0*  (p.  876).  When  syrupy  glycerin  is 
added  by  drops  to  a  puxture  of  equal  volumes  of  strong  nitric  and  suhihnric  acids, 
cooled  by  a  Deecing  mixtiire,  a  substitution -product^  mtr<^ly€erint  C*H*(NO")*0\  is 
'  * — ^. — 9,  Glycerin  diFSolved  in  a  large  quantity  of  water,  and  exposed  to  the  air  for 
al  months  in  contact  with  well- washed  ytast,  gives  off  a  lew  gas-bubbleo,  and  is 
into  propionic  acid  (Redtenbscher). — 10.  A  moderately  concentrated 
t  solution  of  glycerin  (1  pt.  glycerin  to  10  pts.  water)  exposed  to  diffused  day- 
tin  an  open  flask  in  contact  w-ith  certain  animal  mtmbram^s  {tht  membrane  of 
Be  testicle  answers  best),  is  converted,  in  an  interval  varj-ing  from  one  to  twelve  weekly 
into  glucose  (Berthelot,  p,  857).  Glycerin  gently  heated  with  hydrate  of  potmrnmrn 
is  converted  into  acetate  and  formate  of  potassiumf  with  evolution  of  hydrogen: 

CB*G*  +  H«0  -  C^«0»  +   CH»0*  +  H*. 
1 L  With  ct^tc  acetats  or  stdphaii,  glycerin  forms  a  deep  blue  liquid,  which  deposits 
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•  finall  qnuitilj  of  eupTom  cad^e  wht^n  boiled. 
Ihitywv  dowD  n  prrciptt&t«  wliioli  di«aolTef  in  excess 
iormttd  depoaitB  bluish  flakes  At  100^  0.-12.  Fit 
gM  eljeerin  throws  down  a  dark  purple  powder^ 
mwttnS,  monthfl  in  a  bottle  filled  with  chlorinf^  ia  conTe  ' 
ehloric  add,  into  a  spvpy  liquid,  from  which  water  i 
fiuible  substance,  h&nag  an  uniileasant  ethereal  odoor  ai 
14.  GlyccTiii  hwited  in  sealed  tnhf»  with  bnmttM  and  wai 
gly^rieaeida,  together  with  bromofuriQ  and  carbonic  anhjd 
bromine  is  dropped  into  heat«d  anbjdrous  gljcenn^  aerolei 
an  oil  cont«ning  a  shihU  quantity  of  dibromhjdrio*  bnt  ^ 
bromacetic  acid,  as,  when  treated  with  boihng  water,  it  yiel 
of  rfycollic  acid  (Barth,  Ann.  Cb.  Phann.  csxir.  341). — IC 
iritoout  decomposition. — 17-  With  di-iodidt  of  pk^tph&ru 
diittillat*  of  water  and  iodotritjlime  (iodide  of  alljlX  Jtnd  a 
a«ida  of  pboephonm,  together  with  free  iodine,  nnde^ompOM 
Ted  phosphoTiiSu  The  principal  part  of  the  action  appears  tt 
br  the  eq  nation : 

C«HK)'  +   PI»     =-     C*H>I  -h  PHK)* 

Glrcerin*  lodiile  of     Phoi&hef 

aJifl.  Held. 

18.  With  trihromide  and  penioAromid^  of  pkosphorm  ^lyf!erii 
(i.  667):  wreral  liquids  which  Tolatilise  in  vacuo  at  200^ 
also  to  be  bromhydrins ;  a  brominated  compound,  TolatiU 
aeroliin;  and  dibToniallylpho8phine«P,H,(C»H*Br)''  (Bert 
CIl  Pbya.  [3]  xlTiii.  3(M).— 19.  Similarly  with  trkkUride  a 
pharus,  glycejfio  yields  the  chlorhydrins  (i.  &93)  tbong 
moat  of  these  compound!  m«  more  readily  produced  by  the  c 
acid  upon  glycerin  (Berth clot). — 20.  With  chloride  o/tv/pi 
bydrin  and  another  compound,  which  appears  to  be  a  glyceryl 
ever,  the  glycerin  is  heated  for  a  considerable  time  with  a  1 
sulphur,  trichlorhydriu  is  produced  (Cartas,  Ann.  Ck  Phi 
2L  Glycerin  heated  with  oeid^  \sy  for  the  most  part,  tran 
glyoerylic  ethers  (p.  877)»  thtj  proportions  of  the  acid  ajk 
the  combination  Tarying  according  to  the  proportions  in  i 
temperature  and  pressure  to  which  tho  mixture  is  subject* 
the  action  is  continued :  in  mofftcasei  two  or  more  compouJi 
time.  Thus,  with  aertic  acid  it  forms  the  acetins  (i.  26), 
(L  1001),  with  phosphoric  anhydride  or  ffloftal  phosphoric  i 
phoric  aciil,  C*H*PO*  (p.  801);  with  strong  sulpkimc  a 
C'H*.SO«  ( p.  892).  With  cyanic  acid  it  forma  aUophaiiate  of 
(i.  134).  With  h^drobromic  and  hjfdtoekloric  acftdtt  gljfi^ 
und  chlorhydrius.  Wlien  saturatedlilth  hriffdriodie  aeid  and 
hours,  It  yields  the  so-called  iodhydtio,  C*H"IO*  (Berthe 
of  p)T^lycidc  (p.  894):  (C:»H*)-H=0*  4- HI-H^O  -  C'H'U 
a  siitumted  solution  of  tho  same  acid  to  145^  C.  for  fire  ho 
substance,  and  a  liquid  which  yieldn,  by  diBtiUntion,  iodide  < 
pound  is  als4i  formed  nbundantly  when  glycerin  is  distilled 
hovrever,  the  pro|>ortion  of  the  latter  is  increased,  the  iodi 
appears,  and  is  replaced  by  iodide  of  trityl.  C'IPL  The  brc 
distillation  yielda,  when  distilled  with  water,  white  needle-sl] 
water.  If  the  same  residue  be  exhauf^ted  with  alcohol.  111 
the  water-Lath  to  a  sjTUp,  and  then  miied  with  xx>taah, 
which  deposits  white  aromatic  iodsited  cr)'»tftls,  not  ye' 
Zeitaoh.  Ch.  Phann.  1861,  pp.  362,  673.) 

(Compt.  rend,  aw,  247);  further  inveatigaled  byRailto 
222),  and  De  Vrij  (J.  Pharm,  [3]  xxviil  38).  A  compocu 
of  A  mixture  of  strong  nitric  and  Btilphuric  acids  on  glycerii 
PrtjMration. —  1.  A  hunttred  grammes  of  s^Tiipy  glycerin  c 
gradually  added  to  2mi  c.  c,  of  nitric  oeid  of  ^pwiflc  gra^Hty 
ing  mixture,  the  liquid  being  "\   Htirre*!,  the  temp< 

—  10"^  C.  Iwfore  each  fresh  n  1  never  to  ris*?  ab 

mixture  having  been  thu5  obt.j.^.  ..,  _  ,  j  c,  c.  of  strong  sul] 
added,  tho  mixture  being  still  kept  below  0\     The  oily 
which  then  floats  on  the  stirface  ia  separated  by  a  tnp-fi^ 
(which  yields  20  grmi.  move  of  nitroglyceriJi  on  beitig  diluli 
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in  the  smallest  possible  quantity  of  ether :  the  solution  is  repeatedly  shaken  with  water 
till  the  water  no  longer  reddens  litmus ;  the  ether  evaporated ;  and  the  remaining  nitro- 
glycerin heated  oyer  the  water-bath  till  its  weight  remains  constant.  The  product 
amounts  to  184  grms.  of  pure  nitroglycerin  (De  Vrij).  According  to  Bailton,  nitro- 
glycerin is  decomposed  by  evaporation,  even  in  vacuo  over  sulphuric  add,  at  ordinaiy 
temperatures. 

2.  Half  an  ounce  of  dehydrated  glycerin  is  poured,  with  constant  stirring,  into  a  mix- 
ture of  2  oz.  of  oil  of  vitriol  and  1  oz.  faming  nitric  acid  of  specific  ^vity  1*52,  the  tem- 
perature of  the  mixture  being  kept  below  25^  C.  by  external  cooling  ^ith  ice  ;  and,  as 
soon  as  oUy  drops  begin  to  form  on  the  surface,  the  mixture  is  poured,  with  constant 
wtirring,  into  60  ounces  of  cold  water.  Nitroglycerin  then  separates,  and  may  be  puri- 
fied by  washing  and  diying,  in  small  portions,  m  a  vapour- bath.  (Liebe,  Arch.  Pharm. 
ciii.  158;  cir.  282 — See  also  Sobrero,  R^p.  Chim.  app.  ii.  400.) 

Properties. — Nitroglycerin  is  a  light  yellow  oily  liquid,  of  specific  gravity  1-596  to 
1600,  at  15*^  C.  (De  Vrij);  inodorous,  but  has  a  sweet  pungent  aromatic  taste,  and  when 

E laced  upon  the  tongue,  even  in  small  quantity,  produces  headache,  which  lasts  for  several 
ours  (Sobrero).  Slightly  soluble  in  water,  more  soluble  in  alcohol  and  in  ether. 
Nitroglycerin,  when  left  to  itself,  frequently  undergoes  spontaneous  decomposition, 
but^,  when  well  purified,  it  may  be  kept  for  a  long  time  without  alteration.  De  1  a  Rue 
and  Mil  Her  (Ann.  Ch.  Pharm.  cix.  122)  found  glyceric  acid  among  the  products  of 
decomposition  of  nitroglycerin,  which  had  been  left  to  itself  in  an  apartment  the  tem- 
perature of  which  rose  sometimes  to  about  30*^  C.  Oxalic  acid  was  likewise  formed, 
together  with  an  acid  the  barium-salt  of  which  was  not  crystallisable.  At  160°  C.  it 
decomposes,  with  evolution  of  red  vapours,  and  at  higher  temperatures  sometimes 
explodes  with  sufficient  violence  to  shatter  the  containing  vessel ;  sometimes  takes  fire 
without  explosion.  It  detonates  when  struck.  Mixed  ^ith  fuming  hydriodic  acid,  it 
decomposes  below  100°  C,  yielding  glycerin  and  pure  nitric  oxide  (Mills).  IXm 
ethereal  solution  is  decomposed  by  sulphydric  acid^  with  copious  precipitation  of  sul- 
phur (De  Vrij).  Nitroglycerin,  heated  with  aqueous  potash^  is  decomposed,  with 
formation  of  glycerin  and  nitrate  of  potassium  (Rail  ton): 

C«fl*(NO«)»0»  +  3KH0  =  C  H«0»  +  3KN0». 
According  to  Gladstone,  nitroglycerin  exhibits  different  properties  according  to 
the  manner  in  which  it  is  prepared.  Ordinary  hydratcd  glycerin  added  to  a  mixture 
of  3  pts.  sulphuric  and  1  pt.  fuming  nitnc  acid,  is  converted  into  a  liquid  which  deto- 
nates violently  imder  the  hammer;  but  anhydrous  glycerin  treated  in  like  manner 
yields  a  non-explosive  body  which  bums  without  noise.  Buth  kinds  of  nitroglycerin, 
when  exposed  to  a  mixture  of  solid  carbonic  acid  and  alcohol,  become  gummy,  and 
assume  the  appearance  of  fatty  acids  ;  and  both  decompose  spontaneously,  with  evolu- 
tion of  red  vapours.  A  sample  of  nitroglycerin  which  decomposed  in  this  manner  on 
exposure  to  summer  sunshine,  yielded  crystals  of  oxalic  acid,  together  with  two  liquids, 
the  upper  of  which  contained  nitric  acid,  ammonia,  oxalic  acid,  hydrocyanic  acid,  and 
other  compounds  not  examined  (Reports  of  the  ^^tish  Association,  1856;  Jahresb. 
d.  Chem.  1857,  479.)  Mills  found  that  nitroglycerin  kept  for  a  fortnight  no  longer 
exploded  when  struck,  but  showed  no  signs  of  decomposition  or  chemical  alteration. 
{Communication  from  G.  C.  Foster.) 

CI3LTCBXOOXTSIC  ACZB.  Citroglyceric  acid. — Obtained  by  heating  a  mix- 
ture of  glycerin  and  citric  acid  not  strongly  enough  to  produce  the  citric  ethers  of  gly- 
cerin described  at  p.  1001,  vol.  i.  (Van  Bemmelen,  Scheik.  Onderzoek.  ii.  1;  Jahrosb. 
1859,  p.  434.)  Louren^o  has  obtained  a  glycerocitric  acid  containing  C»H**0»  (p.  894). 
OlbTCBRO-OZA^LXC  ACZB.  Oxaloglyceric  oriW.  — This  acid  is  prodaced  when 
oxalic  acid  is  heated  with  glycerin,  before  the  temperature  has  risen  high  enough 
to  induce  the  resolution  of  the  oxalic  acid  into  formic  acid  and  carbonic  oxide  (p.  686). 
Its  calcium-salt  is  soluble  in  water,  and  the  solution  is  not  precipitated  by  alcohol,  but 
deposits  oxalate  of  calcinm  when  heated  after  addition  of  ammonia.  (Van  Bemmelen, 
loc.  cit.) 

O^TCBmOYBOSYBOBZO  ACZB.  Phosphoglyceric  acid,  C'H*PO«  - 
/(?H*rH*[^'  (Pelouze,  Compt.  rend.  xii.  718.— Gobley,  J.  Pharm.  [3],  ix.  161; 
xi.  409 ;  xii.  5. — Gm.  ix.  492 ;  Ger  h.  i.  770.)—  This  acid  exists  in  the  yolk  of  eggs  and 
in  the  brain  (Gobley),  and  is  produced  by  the  action  of  phosphoric  acid  or  phosphoric 
anhydride  on  glycerin  (Pelouze).  To  obtain  it  in  this  way,  glycerin  is  mixed  with 
excess  of  phosphoric  anhydride,  or  glacial  phosphoric  acid ;  the  mixture  is  dissolved  in 
water,  and  neutralised,  first  with  carbonate  of  barium,  then  with  baryta- water ;  the 
solution  ifl  filtered  fipm  phosphate  of  barium,  and  treated  with  a  quantity  of  sulphuric 
acid  just  sufficient  to  precipitate  the  boiyta ;  and  the  fiUnte  ia  eraporated  in  vacua 
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To  obtain  it  from  the  jolk  of  eg^,  that  substiince  i»  i 
wai<?r  by  beat,  then  exhausted  with  boiling  alcohol  or  < 
the  resiJue,  consisting  of  egg-oO  and  a  viscid  dubstanco,  coUi 
drain  in  the  hot  air  chjunber  till  the  greater  part  of  tha 
twdttul  Tiacid  matter  ia  prcaacd  between  folds  of  paper,  ron 
thercbj  extracted.  The  «oft^  orange-jellow,  triiiwluciDt  ma 
ia  then  heated  with  dilute  potash  in  the  water-bath  for  24  h 
aupersAtnrated  with  acetic  acid,  and  filtered  from  oleic,  mjvr 
precipitated  with  neutral  acetate  of  lead;  the  pr«^' 
waahed,  suspended  in  water*  and  decompoaed  hj  »< 
trated  by  gentle  evaporation,  and  freed  from  a  amaii  ijuiiuu 
agitation  with  a  amjUl  quantity  of  oxide  of  ailver  and  filtrat 
hy  aulphTdrie  add ;  the  filtered  liquid  freed  from  a  amall  qv 
calnura  by  saturation  with  lime-water ;  the  liquid  aepam 
phosphate  of  calcium,  and  the  aolulion  of  glyeerophosphat©  oj 
cryMtalUsing  point  The  cryatala  are  purified  by  again  diaao 
ing,  and  recrvBtaHi^g ;  the  lime  precipitated  &om  their  u 
Talent  quantity  of  oxiuie  add  ;  and  the  filtrate  evaporated  i 

Gljcerophosphoric  acid  is  also  produced  by  the  action  of 
phosphoretti^  fat  eonUined  in  the  brain.    (Strecker*  Cm 

Glycerophosphoric  acid  is  an  uncryBtallisable  liquid.  J 
eva{)o ration  to  a  certain  point,  but  beyond  that  it  decompoii 
glyeejin-  When  concentrated  in  vacuo,  it  thickens  and  I 
very  acid  taate,  is  very  aoluble  in  water  and  in  alcohol,  : 
strongly  acid  cinder. 

The  glycerophosphiites  are  for  the  most  parti 
sparingly  aolublo  in  alcohol. 

The  boHum-Malt,  CH^Ba*PO*  (at  160*  C),  IB  vary  I 
tAted  from  the  solution  by  alcohoL  

The  ealcium-aalt,  C*H»Ca"PO*  (at  120»  C),  forms  saw 
odoroua,  but  having  a  rathor  sharp  taste.  It  anstains  a  fa 
position,  but  blackens  at  a  somewhat  fitronper  heat.  "W' 
and  water,  it  is  reaolvod  into  phosphate  of  calcium  and  glycei 
abundantly  in  cold  than  in  boiling  wattir,  so  that  it  separn 
tha  cold  solution  on  boilinc;.     From  the  aqueous  solution  it 

The  liaU-satt,  CTTPb^PO*.  is  insoluble  in  water. 

— (Pelonze,  Ann,  Ck  Phys.  Ixiii.  21 ;  Gm.  ix,  494 ;  G«rfi 
action  of  strong  aulphuric  acid  upon  glycerin.  1  pt.  of  gl 
sulphuric  add;  the  mass,  when  cold, is  dissolved  in  water; 
lioio*  filtered,  and  evaporated  to  a  synrp ;  the  crystals  of  the 
on  cixiling  are  collected  and  dissolved  in  water ;  the  lime  is 
tion  by  the  proper  quantity  of  oxalic  acid ;  and  the  liquid  ii 
By  this  process,  aqueous  ffiyeer&sidpkuric  acid  is  obtained 
inodorous,  strongly  add  liquid,  which  is  so  unstable  that  it 
add  and  gljcerin  when  evapomted  in  vacno  at  a  fcnr  d^ 
still  rtitains  a  considerable  quantity  of  water. 

The  aqueous  add  decomposes  carbonates.  The  glyoflf 
groat  facility,  and  are  very  soluble  in  water.  The  notsissinm 
(liy  distillation*  sulphurotia  anhydride^  acfylic  acio,  acrolein 
decomixjsition.  (^Redtonbacher,  Ann.  Ch.  Phann.  xlviL 
The  harium'sm  ia  decomposed,  when  its  aqueous  aolntioin 
below  100^  C,  into  snlphate  of  barium,  whi(^  is  predpitaU 
of  glycerin. 

Tlip  calcium-Mlt,  C'H^CaSO^,  forms  colourless  neodlefl 
Jt  begins  to  dccampoae  between  140*^  and  150^  C^  emlttlt 
difllillcd  tallow,  and  leaves,  first  a  carbonaceous  reaidnev  tl 
phftte  of  calcium.  Tile  aqueous  eolution  is  not  decomposed 
t<fmpf  nitur^'ft,  but  afti^r  boiling  for  a  short  time  with  liine-w 
calcitjm.  The  crysUltised  salt  dissolves  in  loss  than  1  p|^ 
or  ether.  fl 

The  iead  and  silirr  salts  any  soluble  in  water.  ■ 

Tho  »  u  1  p  h  o  1  e  o  u  B  acid  (gvh wfftWiffe  Sa  u rt\  whidl  1 
olive-oil  with  sulpharie  ncid.  and  the  sulpbadipie  acidol 
lifg'e  Itml  by  C|jevn?ul,  wtr©  perhaps  identical  with  glyo  " 
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OXiTOX&OTASTASXO  AOZB8.  Bj  heating  tartaric  acid  and  glycerin  in 
rarious  proportions  and  to  varioos  temperatures,  four  acids  are  obtained,  the  formation  of 
-which  is  attended  with  elimination  of  quantities  of  water  less  than  would  be  required 
for  the  formation  of  normal  gljcerides  (p.  877).    They  are  composed  as  follows : 

Glycerotartaric  acid  .  .  .  C^"0»  =  C*H»0»  +  C*HH)«  -  H«0 
Glyceroditartaric  add  .  .  .  C»'H'«0»»  «  C«HH)«  +  2C*H«0«  -  2H«0 
Epiglyceroditartaric  acid  .  .  C"H"0'«  -  C«H»0»  +  2C*HH)«  -  3H«0 
Glyccrotritartaric  acid  .  .  .  C"n«0>»  «  C»H»0»  +  3C*H*0«  -  2H*0 
The  first  of  these  acids  was  discovered  by  Berzelius  ( Traiti  de  Chimie) ;  the  other 
three  by  Des  Plats.    (Compt  rend.  zliz.  216.) 

(C»H»)-  ) 
Glycerotartaric  actrf,  (TH^K)*  -  (C*HH)«)»n  O*.— Produced  by  heating  equi- 
valent quantities  of  glycerin  and  coarsely  pounded  tartaric  acid  (or  effloresced  para- 
tartaric  acid),  to  about  150°  C.  (Berzelius);  by  heating  equal  weights  of  glycerin  and 
tartaric  acid  to  lOO^C.  for  forty  h9urs  (Des  Plats).  The  mixture  on  coobng  is  trans- 
parent, and  solidifies  to  a  soft  ropy  mass.  It  is  inodorous,  has  a  fiiint  but  purely  acid 
taste,  absorbs  moisture  from  the  air,  and  changes  to  a  thick  syrup.  It  is  insoluble  in 
pure  ether,  but  dissolves  easily  in  ether-alcohoL  In  the  syrupy  state,  it  may  be  pre- 
served unaltered.  Neither  carbonate  nor  acetate  of  potassium,  added  to  it  in  small 
quantity,  produces  any  precipitate  of  acid  tartrate  of  potassium. 

The  syrupy  acid^  mixed  with  a  large  quantity  of  water,  is  partly  resolved  into 
glycerin  and  tartaric  acid ;  the  decomposition  is  accelerated  by  warming  the  liquid, 
but  on  evaporating  the  mixture  and  again  heating  it  to  150°  C,  the  glycerotartaric 
acid  is  reproduced. 

Glycerotartaric  acid  expels  carbonic  acid  from  alkaline  and  earthy  carbonates,  form- 
ing soluble  salts  which  Imve  a  gummy  aspect.  The  glycerotartrates  are  insoluble  in 
alcohol,  which  precipitates  them  from  aqueous  solution.  They  are  tasteless.  The 
neutral  salts,  dissolved  in  a  largo  quantity  of  water  and  evaporated,  decompose, 
yielding  glycerin  and  tartaric  acid  (berzelius).  The  decomposition  is  accelerated 
by  addition  of  baryta-  or  lime-water.  (Des  Plats.) 
The  barium-salt  contains  C»H"BaO». 

Glycerotartrate  of  caleium,  C'H"CaO'  +  |  aq.,  is  prepared  by  saturating  aqueous 
glycerotartaric  acid  with  carbonate  of  calcium,  evaporating,  filtering  to  remove  a 
quantity  of  tartrate  of  calcium  which  separates  in  confused  crystals,  and  adding 
alcohol  to  the  concentrated  solution.  It  then  separates  in  the  form  of  a  thick  pulp, 
which  sticks  to  the  sides  of  the  vessel  when  the  liquid  is  agitated ;  the  portion  which 
remains  suspended  in  the  alcohol  takes  several  days  to  settle  down.  On  dissolving 
the  precipitated  salt  in  a  small  quantity  of  water,  and  filtering  to  separate  any  smaU 
portion  of  tartrate  that  may  be  present,  a  colourless  solution  is  obtained,  which  may 
be  evaporated  without  decomposition  at  a  gentle  heat.  The  residue  forms  a  colourless 
mass,  having  the  lustre  and  aspect  of  glass,  and  splitting  when  dried.  The  salt  is  not 
deliquescent ;  it  cannot  be  deprived  of  its  crystallisation-water  without  decomposition. 
(Berzelius.) 

Glyceroditartaric   acid,   C"H'«0»»  -  2(C«H«07»  [  0».— Obtained  by  heating 

equal  weights  of  glycerin  and  tartaric  acid  with  a  certain  quantity  of  water  to  100®  C. 
for  fifty  hours.  It  is  dibasic,  its  barium-  and  calcium-salts  having  the  composition 
C'»H»«M'0«».    (Des  Plats.) 

(CRT    ) 
Epiglyceroditartaric  acid,  C"H'«0"  -  2(C<H«0«)«»[0».— This  acid,  which 

is  related  to  the  preceding  in  the  same  manner  as  epidichlorhydrin  to  dichlorhydrin, 
is  obtained  by  heating  equal  weights  of  glycerin  and  tartaric  acid  to  140*^  C.  It  is 
monobasic,  the  barium-  and  caldum-salts  containing  C"H'*MO".     (Des  Plats.) 

{CUT     ) 
Glyccrotritartaric  acid,  C'»H«0>»  «  3(C«H«07n 0".— Obtained  by  heating 

H'»        ) 
1  pt.  glycerin  with  20  pts.  tartaric  acid  to  140°  C,  or  1  pt.  glyceroditartaric  acid  with 
15  pts.  tartaric  acid  for  30  hours.    It  is  tetrabasic,  the  barium  and  caldum-salts  con- 
taining C'»n"M*0»».     (Des  Plats.) 

CI3LTOBRT&.    CH*.    The  triatomic  radide  of  glycerin  and  the  glyccrides. 
a:LTCBRT&,    BKOMBTBRATXS    and    BROMXBB    Ol*.       See    Brox- 
UYDRXWS  (i.  667). 
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9X»7C£&T1*.    CWLOM^BTJ^WtATmm   and    CBXO&ZBB  Or.       Sm   Qslc 

atDHTNSt  ii.  893.) 

QXiTCSRTlif  sn^KA^TEfi  OV.  BMiden  g;lje<^Q«  whiefa  i«  die  nom 
liydmte  of  glyceryl,  thneo  others  are  knowiif  which  are  analogous  in  ccmfltitiitioD 
th<*  polyetbjknic  aleobok  (p.  576),  and  may  be  deriTed  from  glycprin  by  d«hydnti4 
in  the  same  manner  as  the  polyethylemic  alcohols  ar«  denTed  finun  gjlyool ;  thus  :^ 

Olycerin        ,        .        ,         ,      CHW  -  ^H"{* 


Biglycerin  or  Pyroglycerin    *     20*HH3*     —       BH> 


Biglycide  or  Pyroglycida 
Ttigtyeerin    . 


20^H»0«     -     2H'0 


8C>H»D"     -     2H*0 


I 


Ifl  addiHon  to  these  compoundff,  which  have  bt<?n  actuaUy  obtained,  the  hTpoth<»ti< 
body  glycidft,  C*H*0*,  must  also  b«  mentioned,  which  ia  the  alcohol  of  tie  gljcic 
ethers,  and  is  rel&tod  to  glycerin  in  the  same  manner  aa  pyroglyeide  to  pyroglycenu,  d 
fering  from  it»  thai  is  to  aay,  by  1  at  H*0. 

The-  poly  glyceric  compounds  are  obtained  by  distilling  glyceric  chlorhydiia  wi 
exceas  of  glycerin,  in  the  same  manner  as  the  polyethylenic  alcohols  are  obtained  frc 
gly colic  bromhydrin  and  excess  of  glycol  (p-  576).  When  glycerin,  diluted  with  on 
third  its  bulk  of  water,  ie  saturated  at  100°  C.  with  hydrochloric  a«td  giiB»  an  m« 
quantity  of  glycerin  then  added,  the  whole  heated  to  120°  C.  in  a  flask  with  aaoeDdil 
condensing  tube,  fori 2^1  d  honra,  and  then  distilled,  water  and  hydrochlorie  acid  pi 
over  till  the  temperature  ri*es  to  150^,— then  between  150°  and  276'=',  a  diatOlcfee  {d 
consisting  of  dichlorhydrin,  together  nith  the  ohlorhydric  ethers  of  the  polyflyesi 
alcohols.     (Lourcn^o,  Compt  rend.  lii.  359.) 

Diglpc6  ri n  or  Py  r o^ ti^c erin,  C*H' *0>. — The  brown  residue,  distilled  htiwm 
220°  and  230°  in  rarefied  air,  yictds  pyroglycerin^  oa  a  thick  liquid  insolnhle  in  eCh< 
sparingly  soluble  in  cold,  easily  in  hot  water,  miiicible  in  all  proportions  with  aledid 

Its  formation  is  represented  by  the  ecjuation — 

C'H'O"  -I-    CT^H^CIO^         «        (>K**0»  +   Ha 

OiijccrttL         Chlarhydrln.  FyroglyecHn* 

(C%')»1^. 
OUorhydrodhthyUpyrGgltfotrin,   C*«H'^C10«    -    (C^H*)*  I  g^,— Produc 

in^  diethylin  (p.  884)  with  epiclilorbydrin  to  200°  C. 

C^H^*0»   +   C'H»C10         -         C**H»aO*; 
also,  together  with  ethyl-   and  diethyl 'chlorhydrin,  by  heating  epichlorhyS 
mleobol  to  200*»  C.     It  ie  a  yeUowiah  oily  liquid,  of  sp.  gr.    Ml   at  17^  Q„  hnWitm 
286°p  sparingly  soluble  in  water,  mif  ciblo  in  all  proportions  with  alcohol  and  i£ 
(Reboal  and  Lourenjo^  Compt  rend,  lii  401,) 

TrUtkyl-pifrogltfccrin,  C'»H*0>   -  (C=H')"   0».— Produced,  togrtherwitJi  diethyl 

and  totrethyl-triglycerio,  by  the  action  of  flpichlorhydrin  on  efhylate  of  sodinm  [?  en 
tain  in  g  alcohol].  After  all  the  diethylin  has  ptisaed  over^  the  portion  which  diati 
betwt^en  280^  and  300°  C.  is  collected  apart  and  rectitied. 

Triethyl pyroglycerin  ta  a  colourleai  oily  liquid,  of  »p.  gr,  1-00  at  140  C,  boClil^ 
about  290°,  soluble  in  water,  alcohol,  and  ether,  and  precipitated  &om  the  aq«eo 
solution  by  carbonate  of  potassium.     (Reboul  and  Lourenyo,  foe  cfi.) 

^^j^^^^'^^.^\  C'H^O\  passea   over   aft/?r   the  pyroglycerin,  between 
285°  C,  OS  a  liquid  similar  \q  the  latt^^r,  but  more  viscid  and  consistent. 

As  (he  t-empemture  rises  to  320*  C.»  products  of  continually  greater  comn 
over,  lui  in  the  preparation  of  the  polyethylenic  alcohols. 


Trirrthyl-tHfftyctrin,      C'TP^' 


3fm^ 

to  10 
grari 


mm 

«H»)*[0V 
H     I 


I 

ra  27Mg 

npUxJM 


— If  tlie  oDt  rnstdue  boiling  ■bp 


a  olitaijipd  in  the  preparation  of  tpiethvl-pyroglvccrin  be  difitilled  in  mh  fmA 

' ^^"1^  compound  passes  OTer  at  about  200^,  as  a  yellowish  liquid.  * 

22  at  W,  liolulle  in  water,  alcohol  and  ether,    (Reboul  said  Loai 
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Biglffcide,  Pyroglycide,  or  Metaglycerin,  C^'H)*,  which  has  the  composition 
of  pyroglycerin  minus  H'O,  is  obtained  from  that  portion  of  the  distillate  A  (p.  894) 
which  passes  over  under  the  ordinary  atmospheric  pressure  between  170°  and  270°  C, 
(and  consists  of  dichlorhydrin,  together  with  the  chlorhydric  ethers  of  the  polyglyceric 
alcohols)  by  cautiously  decomposing  the  portion  boiling  between  230°  and  270°  with 
ignited  potash,  distilling  the  liquid  decanted  from  the  chloride  of  potassium  which 
separates,  and  collecting  the  portion  which  goes  over  between  245°  and  255°.  It  is  a 
colourless  oil,  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

Polyglyceric  compounds  may  also  be  obtained  by  distilling  glycerin  under  the 
ordinary  atmospheric  pressure,  and  treating  the  portion  which  goes  over  between  130° 
and  260°  C.  with  ether.  The  undissolved  portion  boils  at  a  temperature  above  300° 
under  a  pressure  of  10  mm<,  and  yields  polyglyceric  compounds.  The  glycerin  is,  per- 
haps, first  converted  into  glycide,  by  loss  of  water  (C»H»0»  -  H»0  =  C»H«0«),  and  the 
gh'cide  then  unites  with  1,  2,  or  3  at  glycerin,  forming  the  polyglyceric  compounds. 
(]jOuren90.) 

a&TOBRTXy  ZOBBTBRATU  Ol".    See  Iodhtdbins. 

OZiTCBS'nb,  OZZBB  or.     C^'»0«.  «  ^1^1 1 0«.— Obtained  by  the  action  of 

potash  on  iodhydrin.  It  is  a  liquid  soluble  in  ether  and  volatile  without  decomposition. 
(Berthelot) 

O&TCBRTXy  OXTOBV-8A&T8  OF.     See  Acbtdts,  BsKZonrs,  Buttrins,  &c 

0:ltCBST^  SmLPBTBSATBS  or.  Thioglycerina.  (Carius,  Ann.  Ch. 
Pharm.  cxxiL  72 ;  cxxiv.  222.) — The  oxygen  of  glycerin  may  be  wholly  or  partly  replaced 
by  sulphur,  yielding  the  three  compounds : 

(C«HT?0«  (C"HT(0  (CTI»)'">q, 

Monothioglycerin.  DUhioglycerin.  Trlthioglycerin. 

These  compounds  are  produced  by  the  action  of  alcoholic  sulphydrate  of  potassium  on 
mono-,  di-  and  trichlorhydrin.  They  are  syrupy  liquids  of  unpleasant  ethereal  odour, 
soluble  in  alcohol,  very  sparingly  soluble  in  water,  insoluble  in  ether.  They  react  with 
metallic  oxides  and  salts  like  sulphydrate  of  ethyl  (mercaptan),  forming  compounds  in 
which  the  typic  hydrogen  is  more  or  less  replaced  by  a  metal,  in  proportion  to  the 
number  of  sulphur-atoms  in  the  thioglycerin.  The  general  formulae  of  the  metallic 
derivatives  of  the  three  thioglycerins  are  therefore  : 

(CH*)"*  ( 0«  (C^H*)'" )  0  (C«n»)'^  > « 

M.H»  JS  MIH  (S»  M»     \^' 

The  thioglycerins  are  decomposed  by  heat^  trithioglycerin  giving  off  sulph^dric  acid, 
and  leaving  dithioglycide,  while  the  other  two  compounds  give  both  sulphydnc  acid  and 
water,  and  yield  sulphuretted  compounds  analogous  to  pyroglycide ;  thus : 

Thioglycerin.  Thlopyroglyclde. 

Dithloglycerin.  TrithlopyroglycWe. 

Trithioglycerin.  Dithioglycide. 

The  thioglycerins  are  oxidised  by  nitric  acid,  forming  glycerosulphurons  ethers, 
monothioglycerin  yielding  plycerin-monosiilphurous  acid,  which  is  monobasic,  and  di- 
tliioglycerin  yiehWn^  pyrttgli/ci'trisulphuraus  acidy  a  dibasic  acid  related  in  composition 
to  trithiopyroglycido.    The  salts  of  these  acids  are  represented  by  the  formuke : 


IP     \  (CTI»)« 


0' 


Olycrrln-monoftulphitcs.  Pyroglycl-trimlphitei. 

O&TCXBB.    CTI*0*  —  ^   7r  ^    1 0*. — Tlie  hyiwthctical  alcohol  corresponding  to 

the  dycidic  ethers.     It  differs  from  glycerin,  in  the  same  manner  as  oxide  of  ethylene, 
C*H*0,  differs  from  glycol,  C^RH)\  \ir..  by  1  at.  water. 
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a&TCZBXO   BTBBR8.      (Beboul,  Ann.  Ch.  Fhys.  [31  Iz.  5;   JahzesK  18C 

p.  454.) — A  class  of  diatomic  ethers,  closely  related  to  the  glyceridefl,  and  Droduc 
from  them  by  the  action  of  alkalis.  They  diflfer  from  some  of  the  triatomic  ^ycerid 
by  the  elements  of  hydrochloric,  hydrobromic,  or  hydriodic  acid ;  from  othen  by  t] 
elements  of  water,  e,  g, : 

Amyl-glyclde.  Amylln.  AmylchorhydHo. 

Chlorhydroglycide.         Monochlorhydrin.  Dkhlorhydrin. 

C«H*C1«        -     ^^H^"|ci«""^^       "        (C«H»rCl*-Ha 

Dichlorhydroglycide.        DIchlorhydrln.  Trichlorhydrln. 

There  are  two  series  of  glycidic  ethers,  which  may  be  deriyed  from  the  hypothetic; 
diatomic  alcohol  glycide,  C'H^O',  according  to  the  general  formnlse : 

C»H*0«  +  A  -  H*0        and         C»HH)«  +  A  +  A'  -  2H«0, 

the  symbols  A,  A',  denoting  monatomic  acids  or  alcohols.  The  first  series  inclnd< 
Berthelot's  epiehlorhydrin,  epibromhydrin,  &c.,  which  differ  from  monochlorhydrin,  &c 
by  1  at.  H*0 ;  the  second  series  includes  epidichlorhydrin,  &c,  which  differ  in  lii 
manner  from  dichlorhydrin,  &c 

The  glycidic  ethers  are  not  produced  from  the  corresponding  triatomic  glycerides  b 
direct  abstraction  of  water ;  but  they  are  obtained  directly  from  the  triatomic  glycerid« 
containing  chlorine,  bromine,  &c.,  by  the  action  of  alkaUs,  which  abstract  hy(&ochlori< 
hydrobromic  acid,  &c  To  convert  a  glycerin-ether  not  containing  chlorine,  bromini 
or  iodine,  into  a  glycidic  ether,  it  must  first  be  conyerted  into  a  chlorhydrin  by  th 
action  of  hydrochloric  acid,  and  this  compound  then  treated  with  an  alkali  to  abstrac 
hydrochloric  add,  e,  g, : 

C«H»0»  +  Ha     -     CW0«C1  +  WO 
Amylin.  Amylchlorby- 

diin. 

cwonn  -  Ha  -   c«h'«o« 

Amylchlorby-  Amylglydde. 

drin. 

Conversely,  the  glycidic  ethers  containing  chlorine,  bromine,  &c.  am  oonrerted  b 
the  action  of  oxygen-adds,  water,  and  alcohols,  into  triatomic  glycerin-ethers  (p.  862) 
Reboul,  by  whom  the  glyddic  ethers  have  been  particularly  studied,  supposes  thei 
to  contain  the  diatomic  radide  glycidyl^  C'H\  e,g, : 

(C-H*)-) 

Amylglydde C*H"   >0« 

H     ) 

Monochlorhydroglydde  or  Epiehlorhydrin ^  ^  \  % 

Dichlorhydroglydde  or  Epidichlorhydrin (CH*)''a* 

But  the  relations  of  the  first  series  of  these  compounds  (CHH)*  +  A  —  HK))  to  th 
glycerides  may  be  more  simply  represented,  as  first  suggested  by  Erlenmeye 
(Zeitschr.  Ch.  Pharm.  1860,  p.  737),  by  supposing  them  to  contain  the  same  rmdide  a 
the  glycerides,  viz.  C*H*,  that  is  to  say,  by  regarding  them  as  the  ethers  of  the  diatomi 

alcohol,  ^  n  ( ^*'  related  to  glycerin  in  the  same  manner  as  monometaphosphori 
add,  (^^^'^JO',  to  orthophosphoric  add.  (^gr|o«;  €,g.  amylglydde,  ^^Tlo" 
epiehlorhydrin,  (C^HTJq,  &c 

The  glyddic  ethers  of  the  second  series  (C«H»0«  +  A  +  A'  -  2HK)X  snch  a 
epidichlorhydrin,  cannot  be  represented  exactly  in  the  same  manner,  because  the' 
contain  only  4  at  hydrogen ;  they  may,  however,  be  regarded  as  chlorides,  biomidei^ 
&c.  containing  monatomic  radicles  formed  from  C*H*  by  the  sabstitation  of  CI,  Bi 
&c.  for  1  at.  H.— opidichJorhydrin,  C*H«C1*,  for  example,  then  becoming  eJUoride  o/chlor 

These  ethers  are  not  so  closely  related  to  the  glycerides  as  those  of  the  first  series 
They  do  not  yield  glycerin  when  boiled  with  alkalis ;  neither  are  they  conyerted  int 
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glycerides  by  the  action  of  water  or  of  alcohols,  or  generally  speaking  of  acids,  al- 
though Reboul  states  that  epidichlorhydrin  is  very  slowly  converted  into  trichlorhydrin 
by  boiling  with  hydrochloric  acid.  It  is,  however,  most  convenient  to  describe  them 
in  connection  with  the  glycidic  ethers  of  the  first  series,  to  which  they  are  certainly 
related  by  their  mode  of  formation. 

The  polyglyceric  componnds  and  the  glycidic  ethers  of  the  first  series  are  related  to 
glycerin  in  the  same  manner  as  metaphosphoric  acid  and  some  of  its  modifications  to 
orthophoephoric  acid :  this  will  be  seen  from  the  following  table : 


Tjpet.    . 

«H«0. 

3H«0. 

4H«0. 

dH«0. 

6H30. 

7H20. 

9H«0. 

Glycidic 
8««riet    . 

(C«HT?o« 
H       , 

(CHTjo. 

C«H»    0* 

C^H*    0» 

0* 

C*H» 

0» 

H» 

H* 

C*H* 

C»H» 

H»j 

H»J 

Glycide, 

Glycerin. 

Oiglycide. 

Diglycerin. 

Triglycide. 

Triply, 
cerin. 

Glyceric 
anhydride. 

Phosphoric 
Serie*     . 

(por|o. 

(porj^ 

PO) 
PO    0* 

PO 
PO    0» 

PO 
PO 

0« 

l'o\o' 

Na« 

H* 

PO 

Na«J 

Metaphos- 
phoric acid. 

Orthnphos- 
phork  acid. 

Maddrell's 

meUphos- 

phate  of 

sodiam. 

Pyrophos- 
phoricacid 

Fleitmann 
and  Henne- 
brrg's  me- 

taphos- 
phate  of  so- 
dium. 

Phos- 
phoric an- 
hydride. 

The  polyglyceridcs  constitute  the  intermediate  links  between  glycide  and  the  true 
gjlyceric  ether  or  glyceride  anhydride.     {KekMs  Lehrbuch,  ii.  117.) 

The  greater  number  of  the  following  compounds  have  been  prepared  and  partially 
described  by  Bertholot  (See  Bbohhtdrins  and  Chlobhtdrins)  ;  but  the  experiments 
of  Keboul  have  rendered  our  knowledge  of  them  much  more  exact 

A.  Glycidic  ethers  containing  1  at.  acid- or  alcohol-radicle. 

Amylfflydde.     <?H'H)«  «  (^2*r|o'— Produced  by  the  action  of  potash  on 

amylchlorhydrin  (p.  884).  When  a  mixture  of  equal  volumes  of  epichlorhydrin  and 
amylic  alcohol  is  heated  to  220°  C.  for  ten  or  twelve  hours  in  a  sealed  tube ;  the  resulting 
yellowish  oily  liquid  distilled ;  the  portion  which  goes  over  between  225°  and  260*^,  and 
contains  amylchlorhydrin,  shaken  up  with  excess  of  strong  boiling  potash-ley ;  the  oil 
which  separates  from  the  resulting  solution  of  chloride  of  potassium  on  adtlition  of 
water  distilled;  and  the  portion  which  passes  over  between  180^  and  220^0.  several 
times  rectified, — amylglycide  is  obtained  as  a  mobile  liquid  of  specific  gravity  0-90 
at  20°  C,  and  having  an  odour  of  ripe  quinces.  It  is  insoluble  in  water,  boils  at  188°, 
is  inflammable,  and  bums  with  a  bright  flame.  By  agitation  with  fuming  ht/drochloric 
acid,  it  is  converted  into  amylchlorhydrin,  C^H*(C*H")010*,  and  by  hydrobromic 
and  hudriodic  acids,  into  the  correspondmg  brom-  and  iod-hydrins.  Heated  with  water 
in  sealed  tubes,  it  takes  up  H*0,  and  is  converted  into  amylin,  C*H'(C*H")0'. 

BtHylglyelde.  C*H"0'  =  C^*     \  0*-— Produced  by  the  action  of  potash  on  ethyl- 
chlorhydrin.     The  formation  of  this  latter  compound,  by  heating  epichlorhydrin  with 
ethylic  alcohol  in  sealed  tubes  to  180°  C,  is  attended  with  the  production  of  consider- 
able quantities  of  dichlorhydrin  and  diethylin,  according  to  the  equation : 
2C«H*C10     +     2C«H-0     -     C»H«CPO     +     C«H«(CTI»)»0» 

Kpichlor-  Alcohol.  Diohlor-  Diethylin. 

hydrin.  hydrin. 

The  greater  part  of  the  resulting  liquid  distils  between  188°  and  189°  C. ;  and  the 
distillate,  treated  with  potash,  yields  an  ethereal  oil  which  dif<tils  for  the  most  piirt 
between  126°  and  130°,  and  consists  of  ethylglycide  mixed  with  a  considerable 
quantity  of  epichlorhydrin  (produced  by  the  action  of  the  alkali  on  the  dicldorhydrin). 
The  ethylglycide  may  be  freed  from  the  greater  part  of  the  epichlorhydrin  by 
treatment  with  alcoholic  potash.  It  is  a  mobile  liquid,  having  a  faint  but  agreeable 
ethereal  odour,  boiling  betwetu  128°  and  129°  C,  and  of  nearly  the  same  density  as 
wat<»r.  It  dissolves  in  4  or  6  times  its  volume  of  cold  water,  somewhat  more  freely  in 
Vol.  II.  3  M 
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hot  wirter,  iad  la  sepimit«d  from  tho  «alaiion  \>j  chlaride  of  calcmm.  Its  rvsetk 
are  fimikr  to  those  of  nmylglycideu 

Moaobroinliydro^lyelde.    Epibromkydrin.    (C«H*)'*Jq', —  Piodtieed   bj  f 

iwtion  of  alkali*  on  dibromliydriii ;  also,  together  with  other  prodiicta,  by  the  ACtkio 
pentachlopide  of  phospbonw  on  glycerin  (p.  890)*  It  boiU  at  las^ — 140**  C^  mal 
with  fuiijing  hydr<>chloric  acid,  forming  bromochlorhydrio,  C*H*BrC10,  mad  wi 
hidriijdic  acid,  forming  iodobromhydrin.    (See  Iophtpeojis.) 

Monochlortiydrogtsrolde.      EpicMorhydrifu       (C*H*yJ^.  — Ppodncod  byti 

iiction  of  alkttli»  on  dichlorhydrin.  To  pr«?|jftro  the  latter,  &  tDixtni^  of  5  yvHa,  gf 
cerin  (the  commercial  product  dehydrated  by  heating  it  to  about  170'^  C  may  1 
used)  and  4  vols  p^lacia^  acetic  add  ia  aatnratad  at  100^  0.  with  iiydrochlonc  ae 
gM,  and  then  distilled ;  whereby  a  diM.ilhite  it  obtauied  befcweeD  180^  and  220^  eoi 
nating  of  dichlorhydrin,  mixea  with  a  laiige  quantity  of  oectodicblarbydriii  and 
small  cjmintity  of  acetoehlorhydrin.  This  dijstillute  may  be  used  tmmediat^'ly  ft 
the  preparation  of  epichlorhydrin  (the  acetodichlorhydrin  boint^  eo averted  by  th 
potash  into  diebiorhydrin,  with  fonnation  of  acetate  of  potAssiam).  For  this  pwppi 
a  lukewarm  solution  of  350  grms,  caustic  potash  in  the  Kmalleat  possible  qtiaatity  c 
water,  is  added  by  Hmall  portiona  to  600  prms,  of  the  dii'tillat^*  just  mentioocd,  th 
liquid  being  well  i^hakeri  and  lelt  to  cool  aft^er  each  Addition ;  the  whole  is  then  lefl  li 
it«elf  for  an  honr  op  two ;  the  oily  layer  which  floats  on  the  axirfaee  ia  TCmoren 
distilled;  the  portion  which  goos  orer  below  165° C.  is  coUectod  apart;  and  It 
rcpetitnl  fractional  rectificatioa,  yields  pure  epichlorhydrin* 

Epichlorhydrin  is  a  mobile  liquid,  of  specific  gra-rity  1-194  at  11**  C;  it 
118°  or  119^;   smelb*  like  chloroform;   has  a  sweet  taste,  with  bttniiiig:  i 
burm?  with  a  bright,  smoky,  preen-edged  fiame.     It  is  D**ariy  in^lnble  in 
taki'M  tip  a  small  quantity  of  it^  and  retains  it  ohattnately;  soluble  io  all  ] 
in  alcohol  and  ether.     Its  Taponr-denaity  is  by  experimeni  »  3'2i ;   bj 
(2  Tols.)  -  319. 

Strong  tulphurio  acid  acta  riokntly  on  epichlorhydrm ;  if  it  ia  added  bj  drapt^  ao< 
the  liqntd  kept  cool,  no  hydrochloric  acid  is  eyolyed^  but  the  liquid  beeomea  riseid,  §m 
a  Bo-odled  conjngat'Cd  salphuric  acid  appears  to  be  formed. 

Chiorid^  nf  tine  likewise  acts  violflntly  on  epichlorhydrm^  hydnwhloric  acid  baa| 
eTolred  and  the  mass  blackening  if  not  sufficiently  cooled,  whereas  if  the  l^^mpemton 
is  prevented  from  rising,  the  two  substances  simply  unite.  Epichlorhydrin  ts  coai|ri||d 
hy  ptntachhridt  of  pf^itphortw  into  trichlorliydrinr  ^H 

C'H'CIO   +   PCI*  -   POCl"  ^  C«H*a»;  " 

and  hy  peiitahromide  of  pho»phorus  into  chlorodibromhydriu,  C*H*Br*Cl  (L  194) 
a  liquid  of  specific  gravity  2086  at  9"^  C,  and  boiling  at  202^ — 203*', 

Epichlorhydrin  hi at^^d  with  aicokolw  ammonia  to  lOU^  C.  in  a  doeod  1111 J  ^^-—^ 
chloride   of  ammonium,   and   a  white  gummy   mass,   consi^tiiig   af    dielyei 

€"(IMN  i 
dihydorchloramine,  or  bemichlorhydramide,  C»H"C1N0*  «-  CH*lo«J 

H  I  CI  1 
logons  to  B^athelot's  h<>mihromiiydramide  (i.  668 ;  ii.  876) : 

2C"H*C10  +  2NH*  =  NH*n  +  C'H^^CINO*, 
W^itb  cold  aqufoui  ammonia,  epichlorliydrin  thickens  and  gmdually  diflaoly<«;  1 
liquid,  after  neutraliftatian  with  hydi-ochbrie  acid,  containH  chloride  of  aimnaniiti 
nn  II iK'pyNtnl livable  Bait,  from  whose  highly  concentrated  solution  caustic  potaati  ^ 
df>wn  a  reddish  gummy  base,  which  rcdisaolvee  on  the  addition  of  a  amall  qn 
of  water,  ' 

Epiclilorhydrin  unite*  directly  with  hifdrocklorie  acid,  fofmiog  dicbTorhTdrin, 
r^HT]-0  (boiling  at  180<=*  CI);  with  ht/drvhromic  aeid,  forming  bromo 
C'H'BrClO  (a  eoIoiirIf«8  oily  liquid  of  specific  gravity  1*740  at  \7P  Q,  1 
himng  ti  faint  odour  like  that  of  dichlorhydrin,  sparingly  soluble  in  wattxl 
ht/Jru^tt  fwid,  forming  i  0 d  o  c h  1 0  r  h y  d  r i' n,  C'li^l CI O  (see  Ioi>HTDanf»^.     i 
^^\^?J}  ?  ^°  ^^  *^*****  attended  with  evolution  of  heat  which  is  con'--  ^ 
epichlorhydrin  ia  agifateil  with  fuming  hyibochloric  acid;  stronger  witb 
bromic  acid;  and  especially  violent  with  fuming  hydriodic  acid,  each  Or 
producing  a  hii*Hing  noise.  ' 

Epiehlorhydrin  heated  with  emetic  akoM  in  sealed  tubes,  unitea  witb  it 
amyl-chlorhydri  n  ;  but  at  the  same  a  secondary  reaction  takes  pbic«.  rtMnUtiM  la 
the  fonnation  of  dichlorhydrin  and  diamylin:  ^ 

2cn*cio  ^  2C^H'«o  =  c'n*a*o  +  c*h«(c»h*')«o«. 
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Witli  fthylk  fth'oJtol  a  drailar  reaction  takos  pliic<»,  bnt  the  Beoondary  product*  bear  a 
larger  proportioD  to  the  ethjlcMorhydnn  prouucod  by  dii^cl  combiaalitin  (p.  897). 

]|C<»DO<-Ioilli]rdrogljotda«  Epf-iodhi/drtn,  C'H'IO. — This  corapound  cannot  bo 
prepar<'d  in  the  parnc*  manner  as  the  two  precfxliag,  inasmuch  aa  di-iodhydrin  has  not 
been  obtained,  not  beiiiff  produced  from  glycerin  by  the  action  either  of  hydrioiUc 
add  or  of  iodide  of  pnosphornfl,  Epi-ioahydrin  may,  however,  be  ppepari?d  by 
heating  epichlorbydrin  vith  iodide  of  potassiiim  to  100^  in  a  »eAle<l  tube,  cxiro  being 
taken  to  parify  the  materials  fknn  water  ae  much  as  possible,  gincc  its  presence  would 
give  ri&e  to  the  formation  of  lodhydnn,  CH'IO',  On  treating  the  prodtiet  of  the  reaerion 
with  a  small  quantity  of  water,  to  dissolve  chloride  of  potiiAsium  and  the  excess  of  iodide, 
there  remikin^  a  heavier  liquid,  from  which,  by  distillation  and  repptited  rectification  of 
the  portion  which  distils  between  160°  and  IHO'^C^  pure  epi-iodhydrin  i^  obtained. 

Em-iodbydrin  is  b  mobile  ethereal  Hqnid,^  having  a  aomewhat  aUiaceonit  odour; 
epeicific  gravi_ty  2  03  at  13°  C\;  insoluble  in  wat^r ;  eoluble  in  aUproportions  in  alcohol 
and  ether.  "With  hi/drochloric  and  it  forms  iodochlorhydrin,  CTi'lUlO,  identical  with 
the  compound  formtd  by  the  combination  of  HI  und  C*H*C10 ;  with  ht/driodw  acid,  it 
^ielda  a  viscid  heavy  liquid^  strongly  coloured  by  iodine,  und  probably  containing 
di-iodhydrin,  C«H-TO. 

B.  G^fcidic  €ih^s  containing  2  at.  Br^mUne^  Chlorinr,  Slc. 

These  covnpoands  are  produced  by  the  action  of  alkalis  on  the  triatomic  glycerides 
containing  3  at.  Br,  CI,  &c. 

l>lbrotnliydro8rIy;€lde.  Ffidihriymhydrin.  (C*H^)"Br'  or  (C'll^Br)^^—  Oh- 
tained  by  treatinjr  tribnomliydnn,  €'11*31^,  with  solid  hydrate  of  potasaium  (a  small 
quantity  of  acrolein  bi'inp  formed  at  the  suna  time) ;  distilling  the  heuvy  oil  wliieli 
passes  over;  and  rectifying  the  portion  which  dii^til^  below  156'^  C.  It  ia  a  liquid, 
insoluble  in  water,  of  sptecifie  p^avity  206  at  11**  C,  havings  a  distinctly  alllaeeous 
odour,  and  boiling  at  Ifi-l** — 152°  C.  It  is  decomposed  by  alcoholic  amnwnia^  slowly 
in  the  cold,  completely  by  heating  for  several  hours  to  100^  C,  yielding  bromide  of 
.ammonium  and  dibromallylamino  (i,  H6): 

2C>H*Er'  +  3NH"    =    2NH*Br  +  NH(DH<Br)^ 

Th«  formation  of  this  ba^e  tends  to  purport  the  snppoflition  that  the  compound 
C'H*Br*  contains  the  monatomto  radicle  C'H'Br  (p.  896). 

Epidibromliydrin  unites  directly  with  2  at.  bromine ^  forming  ibe  componftd  C*H*Br'  *= 
(C'H*Br)'^r',  a  liquid  of  specitie  gravity  264,  and  boilings  with  «ligbt  evolution 
of  hydrobromic  acid,  at  250^—232'^  C. 

Siolilorli^drofftrotde.  Epidkhhrlydnn.  (C"H*fa'  or  {C»H'Cl)n.— Meta- 
meric  with  dicldorotritylone.  When  tricblorhydrin  is  gently  beuted  with  lamps  of 
ftobd  pot^Hsh,  chloride  of  potassium  is  formed,  with  rise  of  temperature  and  violent 
action,  aud  a  distillate  is  obtained,  conskting  of  water,  with  a  lower  layer  of  liquid, 
which,  when  freed  from  a  small  quantity  of  epichlorhydrin  by  agitAtion  with  sulphuric 
acid  diluted  with  half  its  bulk  of  water,  and  distilleHcl,  yields  <»pHlichlorhyflrin,  ns  % 
liquid  boiling  with  partial  decomposition  between  lOP  and  102^  C,  of  sj>ecific  gravity 
I  21  at  20^,  having  a  pungent,  ethereal,  somewhat  alliaceons  odour,  insoluble  in  water, 
fyjlublo  in  fill  projHirtiona  in  alcohol  and  ether.  It  unites  slowly  at  100°  C.  with  Ayt/ro- 
chloric,  htfdrohromic,  and  ht/driodie  acids^  forming  triatomic  glyceridea ;  with  water 
nml  alcohols  it  does  not  unite,  even  at  10t>°.  It  unites  directly  with  2  at  tmtmin*', 
forming  the  compound  O'H'CPBr* -=  (CH^Cl^'lir^Cl,  a  liquid  insoluble  in  water,  of 
spociac  gravity  210  at  13°  R,  boiling  at  220°^221°. 

Cliloro1>romh7<lrotlrc^d«*  Epichlim>hronihfidrin.  (C^*)"GlBr»  or  (C*H*Cl)'Br, 
or  (C'H^BryCl— I'rodueed  by  heating  chlorodibromhTdrin  (i.  874;  ii.  898)  with 
nolid  potash,  and  puriiied  like  the  prweding  cr^mpound.  Colourless  liquid,  turning 
yellow  when  exposed  to  light ;  smells  like  epidichforhydrin  ;  boils  at  126° — 127°  C. 
Hpi-f-ifie  gravity  1*69  at  14°  C.  It  is  not  perceptibly  decomposed  by  heating  with  water 
to  lOt^o  C.  fortwo  days.  Not  attacked  by  sodium  in  the  cold,  but  slowly  when  he.Tt€d, 
with  formation  of  bromide  of  stidiimi-  It  unites  directly  with  2  at  bromine,  formin|r 
the  compound  C'HClBr*  ^  (C*H*Cl)"T?r«,  a  liquid  of  speciflc  gravity  2  39  at  U°  C, 
and  boiling,  with  slight  evolution  of  hydrobrumic  add»  at  238°. 

GXiTCXBTZ.  C*HV — The  diatomic  radicle  which  may  h«  supposed  to  exist  in  the 
glycidie  ethers  (p.  896). 

GLTCOCBa&ZC  ACHI,  C^H"NO*.— This  acid,  diicoTered  by  L.  Gmelin 
{Uimd hitch,  3'*  Auil.  ii,  833).  constitutes,  in  Iho  form  of  a  sodium* Balt>  tli©  e^setitial 
part  of  ox-bile,  in  which  it  is  mixed  with  small  quantities  of  taim«eholic  acid,  mucus, 
choleBterin,  eholochromc,  &c.  (i.  685).  l\'<^  rompoi»ition  and  metamorphose*  have  been 
chiefly  studied  by  Strecker-  (Ann.  Ch.  Phurm.  Ixv.  9;  bcvil  I;  btx.  161  and  160.) 
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pf-^aiNiii^n, — ^1.  Tlje  precipitate  formed  m  fresh  ox-b 
U  treated  irith  boiliug  alcohol  of  85  p«r  cenL,  and  the  1 
obluLD  a  solution  of  a  lead-salt  sufficiently  concentrated 
The  residue  b  exhausted  on  the  filter  with  alcohol^  &nd  thi 
Tni*nt  of  nf'w  predpitates,  Sttlphydric  acidgmiis  thenpai 
solution ;  the  Hutphide  of  It'ud  b  separated  bj  filtratic 
qii;uititj  of  wuter  ;  and  the  liquid  10  left  at  rest  as  doon  hi 
Afti^r  twelve  hoursj  it  is  found  to  bo  contert^d  into  a  1*" 
to  be  washed  with  cold  water. 

2*  Fr<*sh  o3t-hile  is  evaporate  to  djyneaa  over  the  "^ 
ii  coarsely  pulveriiied  and  treated  with  cold  al>gQlntu  aleS 
jiftiT  addition  of  a  small  quantity  of  ether,  is  left 
the  Ixjttora  of  the  veasel  i«i  found  to  be  covered  with  i 
mQnti.  On  decanting  the  liquid,  treating  it  with  fresh  qn 
il  ai  rest,  it  deposits  a  conwiderablo  quanti^of  plumoee  c 
bih'),  which  go  on  gradutiUj  increaidng.  The  remainiiii 
rt'»idue  after  washing  with  a  small  quantity  of  ether,  is 
Buturjittnl  with  eth<»f.  The  solution  is  then  mixed  with 
become*!  milky,  after  wbieh  it  is  left  at  rest.  Twelve 
wnrds,  it  becomes  tilled  with  oystahi,  usoally  mixed  with 
crystuls  are  thrown  on  *a  filter  and  washed  with  cold  ^ 
targpr  product  than  the  fonncr- 

Glywcbolic  acid  prepared  by  either  of  these  mcthc 
qjiantity  of  an  isomeric  body  called  paratjii/coch'jlK  aci< 
tJiiM  admiitture^  the  crfstak  are  washed  with  cold  water  \ 
wtLtw  :  the  paroglyeocooUc  acid  then  rr^mains  in  the  form 
glycwhylic  acid  diasolvea  and  aystallisi's  out  aa  the  solul 
PfopfttUi  and  Reiwtions, — Glyoocholic  acid  cpystHllis- 
slender  nesdlea,  which  contract  considerably  in  drying,  nj\ 
silky  film  ;  1000  pts.  of  cold  ttmtf^r  disstdre  3*3  pta.  of  il 
di8«toWe  8*3  pt^, ;  the  cold  aqueouR  solntioa  has  a  sacchs 
reddens  Litjntis,  and  i«  not  prwipita-ted  by  adds,  nenti 
chloridp,  or  nitrate  of  silver ;  but  forms  a  slight  precipita 
Glyct*cholie  aeid  is  easily  soluble  in  a/cohoi,  and  the  1 
wat^r-lwith  leaves  a  residue  which  is  syrupy  at  fir«t,  but 
On  mixing  the  ahxilitjlic  srjlulion  with  water  till  it  becom 
hnnre,  n  quantity  of  needle-shaped  crystals,  tho  liquid  he< 
The  acid  is  Vf^Ty  solul>k»  in  fthtr. 

The  solutions  of  glyco<;holic  acid  turn  the  plane  of  pol 
specific  rotatory  pow^r  is  +  27  2*^  for  red,  and  +  29 '9**  fo 
nisbcd  by  combination  with  alkalis.  (F.  Hoppe,  Chem 
CTlye^iehrtlie  aeld  dissolves  readily  in  af^ueous  ammionia^ 
and  in  birrt/ta-wttter.  The  addition  of  acid^,  even  of  ac 
throws  down  a  resinous  substance,  wliii^h  changes  altera 
tho#e  of  wavellite.  This  trwui^formatiou  of  the  acid  in 
greater  rapidity  by  ether. 

Glyoocholic  acid  boiled  with jw^^ttA  is  resolved  into  chol 

C"H«NO«     +     WQ     =     C**H"0* 
Gljcckcbollc  Chollc 

acid.  tkCiiL 

The  same  dfcomposition  is  produced  by  baryta-wattr  at  1 
Act  tic  acid  dissolves  glyoocholic  acid,  and  deposits 
evaporate. 

Olycocholic  add  dissolves  easily  at  common  temperati] 
syfphurie  acids^  and  is  precipitate<l  therefrom  by  water; 
boiletl,  it  beeumes  lurbid  and  deposits  oily  drops  of  el 
ailter  a  while : 

C"H"NO*     =     C^H^'NO*  +  J 
GJjreocliolk  CholonJcacid. 

acid. 

OlycochoHc  acid  dissolved  in  water  and  boiled  with 
cholo^idic  acid  and  afterwards  dvslysin  (p.  360), 
dyslysin  and  choloidic  acid  differ  from  cholic  acid  only  bj 
transformation  is  simikr  to  that  produced  by  boiling  poti 

On  adding  to  a  solution  of  glyoocholic  acid,  or  an  alkal 
of  solution  olgitifar,  then  strong  sulphuric  acid  by  smd 
applying  a  gentle  hexif,  a  violet  or  purple  colour  is  ptoduc 
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Hon  of  water.  This  is  Petronkoffr'a  tei»t  (see  Bn.a»  L  686).  Fop  the  application  of  thia 
t^t  to  tho  df'tpctiou  of  iiiiary  acida  in  the  urinep  we  Uriihi  ;  also  N  cukomm  (Ann. 
Ch.  Pharni,  ciTi,  30). 

Glycochoiates. — The  general  formnlft  of  theae  salts  ia  C**H"MNO',  tbencid  being 
moDobttsic.  All  tho  glycocholates  are  aolnble  in  alcohol;  those  of  the  alkali-  and 
earth-metals  are  easily  eoluble  in  water;  the  rest  are  eparindy  iotuble,  imd  maj  be 
obtained  by  precipitation.  The  aolutione  of  the  glycocholatea  Eaire  a  awc^t  and  slightly 
bitter  taste. 

Amwoftium-MlL — ^When^diy  ammonia-gas  ii  pasAed  into  a  solution  of  ^Ijcocholic 
atfid  in  absolute  alcohol,  ia  such  quantity  that  no  precipitate  is  formed.  needle-Mhiipod 
crjtttala  pepjtrate  from  thi?  liquid  aftt-r  a  while,  increasing  in  nnmh<r  when  it  is  U'f\  nt 
rest  in  cIomhI  bottles.  The  addition  of  ether  aceeleratee  their  fonnation.  They  lose 
a  L-oQHiderabie  quantity  of  ammonia  when  kept  under  an  exhaa8t.«d  receiver. 

Biirium'Mlt.  CH^^BaKO*,—  Glyoocholic  add  dissolre^i  easily  in  baryta- wuter,  and 
on  remoTing  the  exceaa  of  baryta  by  carbonic  acid,  then  boilings  filteriog,  and  crapo* 
luting,  glyoocholate  of  bariam  aeparatea  in  the  form  of  a  white  amorphoua  mus. 

The  calcmm-wlt  is  soluble  in  water. 

The  cupric  stUi  is  a  blmsh  white  precipitate, 

Tbe/rrnV  mlt  forms  yellowish  flicks,  tery  soluble  in  alcohol. 

The  kad-satt  is  a  floceul(?ut  preeipitate  obtained  on  mixing  neutral  acetate  of  lead 
with  an  alkaline  glyeocholate ;  the  precipitation  is  not  however  complete,  a  cerfaiu 
<|aantity  of  lead  always  remaining  in  solution ;  it  mny  be  completely  prevented  by 
adding  acetic  acid  to  the  solution  of  the  alkaline  glycocholata  before  pouring  in  the 
acet^ite  of  lead.  Basic  acetate  of  lend  precipitates  sodic  glycocholate  completely ;  the 
preeipitate  is  soluble  in  alcohol  and  in  excess  of  aeetate  of  lead. 

The  mi^ntsimH-salt  ia  soluble  in  water.  The  potastiufU'SaU  closely  reBcmblca  the 
sodium-ealt. 

The  tilver'iati  is  obtained  as  a  white  gelatinous  precipitate  on  adding  nitrate  of 
silver  to  the  solution  of  an  alkaline  glycocbolate.  The  precipitate  dissolves  partially 
on  l)oUing  (completely  if  the  solutious  are  dilute),  and  separates  agaia  on  cooling,  in 
needles  if  the  liquid  cools  slowly,  in  the  gelatinous  form  on  rapid  cDoliog ;  but  it 
then  becomes  ezystalline  dd  addition  of  ether.  The  salt  becomes  coloured  on  expoeure 
to  light 

The  sodium-mU,  C*H"NaNO*,  constitutes  a  considerable  proportion  of  oi-bile.  It  is 
obtained  in  the  pure  state  by  diBsoIving  glycocho!ic  acid  in  aqueous  carbonate  of  sodium 
and  evaporating  to  dryn^as ;  or  by  agitating  an  alcoholic  solution  of  the  aeid  with 
effloresced  carbonate  of  sodium,  and  evaporating  off  the  alcohol.  On  dissolving  tho 
residue  in  absolute  alcohol,  and  adding  ether  to  the  solution,  glycocliolute  of  sodium 
separates  in  stellate  groups  of  colourless  neet^ea,  exactly  like  crystallised  bile.  It  is 
veiy  soluble  in  water,  less  soluble  in  absolute  alcohol,  1000  pts.  of  alcohol  dissolving 
15' 3^  ps^ts  of  itw  When  the  aqueous  solution  is  evaporated,  tho  salt  separateM  on  the 
edge  of  the  capsule  in  undulated  amorphous  crusts ;  the  alcoholic  solution  bi'haves  in 
the  same  mulner  if  evaporated  over  the  water-^batb,  but  yields  crystal  when  vf^ry 
idowly  emporated  in  a  flask.  According  to  Stiideler  (J.  pr.  Chem.  Ixxii.  257) 
glyeooholote  of  sodium  is  precipitated  in  the  amorphous  state  by  ether,  even  from  the 
ateohu lie  solution  of  the  pure  cryMallised  aalt,  and  more  completely  in  proptirtitjn  as 
the  (doohol  and  the  ether  have  l>een  thoroughly  freed  from  water;  whenro  it  ap{>eara 
that  a  certain  quantity  of  water  is  essential  to  the  erystallisation  of  the  salt.  In  fa^t, 
it  separates  in  a  few  minutes  in  xi^ry  fine  stellate  groujw  of  needles,  without  any  ad- 
mixture of  the  amor|)hous  salt,  on  adding  to  the  aleohoUc  solution  a  sufficient 
quantity  of  etlier  to  pnxluce  a  strong  milky  turbidity,  then  dropping  in  water  aud 
stirring  till  the  turbidity  juj*t  disappears. 

Olycocholate  of  sodium  melts  when  heated,  and  then  burns  with  a  smoky  flame, 
leaving  a  very  fusible  cinder,  which  has  an  alkaliiiG  react  ion  and  contains  a  large 
quantity  of  cyanate, 

GlycochotaU  of  strontium  is  soluble  in  water;  consequently  the  solutions  of  alkaline 
glyeoeholHtes  do  not  pr^eipilatf'  the  solutions  of  strontinm-^aUs. 

ParoslT'Cooltolie  acld<  This  acid,  isomeric  with  ^lycouholic  acid,  constitutes  that 
t^^rtion  r>f  the  precipitate  formed  by  sulphuric  acid  in  crystallised  bile,  which  is 
insoluble  in  boiling  watur ;  it  is  com|)oaed  of  nacreous  scak»,  which  exhibit  under  the 
mioro*:cnpe  the  firm  of  hexagonal  tablets.  Similar  crywtala  artt  found  amongst  the 
Ti«  liltnj  of  glycocholic  acid  crystallised  from  boiling  water;  and  by  dissolving  the 
l;itt*T  in  a  fn«h  portion  of  boiling  water,  a  certain  quantity  of  the  insoluble  acid  uiay 
be  separated.  It  agrees  with  glycocbolic  acid  in  composition  (67"  10  per  cent.C,  9*25  H. 
8  01  N,  and  20*64  O),  and  in  alt  its  proprties,  excepting  its  crystallino  form  and 
insolubility  in  wot*  r ;  it  likewise  yields  m\U  which  are  nn  distinguish  able  from  the 
i;lytiocholatc8.    It  is  therefore  merely  a  physical  iBodilication  of  glycocholic  add, 
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C*H»N0*»(C*H»Or|^, 

XfJmfiMiJbr.  JMntfi^'  Glf/coUamie  acid.  (Qm,  ul  247  :  Gerb.  L  214.) — An  oi^ 
baar  bomologoo*  with  idaniue  (C"E*NO^)  and  IrucUe  (C*H"NC>*).  It  mui  dkeow 
by  BracoDDOt  (Ann.  Ch.  Phyn.  [2]  adii.  lU),  who  obuioed  it  by  the  MiliaB 
Bulphnric  add  on  gelatin.  It  is  also  produt^ed  by  the  action  of  cniisUc  aUuHt  ( 
gelatin,  or  on  meat  (Mulder,  J.  pr,  Cbeni.  %yl  290)  ;  by  boiling  hippime  add  «j 
b vdfochloric  add.  ( D ^  s » a i  g n e »,  Ann.  Ch.  Phya.  [3]  iriL  60) : 
C^H'NO"  +  H*0        -        C*H*NO«  +  C'H*0*; 

Hippuric  acid.  OlyCQCin«*        U«aioic  acid, 

in  th©  nietamoTphoiik  of  glyeocholic  and  hyoglycocholic  add,  under  tlio 
alkallfl  (Strecker,  Ann.  Ch.  Pbarra.  IxtiL  26;  Ux,  188) : 

0»^»«N0«  +  H*0        «        C*H*NO*  +  0«H**O* ; 
GlTOocbolfc  acid.  Gljcociae.         CholU:  acid. 

and  by  the  acdon  of  ammonia  on  bromacetic  add  (Parkin  and  Biippa*  LfCi^i 

chkracetic  add  (Cahoura): 

C»H*BrO'  +  2NH'       =       NH*Bp  +  C'H»Xa« 

Pmaraiiim, — 1.  By  the  i^ioE  of  potaah  on  gelatin.  GIne  is  boiled  with 
ley^  iraich  given  ri^o  to  a  ooplons  erolution  of  ammonia ;  the  lit^tiid  is  nentmlii 
Hnlphnnc  acid,  evaporated,  iuparated  from  snlphate  of  potasaiunip  which  cry 
ont,  and  aguin  evaporut^d  ;  una  the  ivstdue  ia  ^xbausted  with  aicobol,  wbidi  tokm  v 
the  glycocine,  togc^ther  with  a  emull  quantity  of  leucine,  feom  which  the  glycodne  ma, 
bf<  funlly  separuti'd  bj  crjatalliiEutiun,  aa  it  ia  much  Icsa  aoluble  in  alcohol  than  letidxi 
(Mulder).     Milk  of  lime  may  be  us^mI  instead  of  potaah.     (B  ouss  i  n  g  a  a  1 1,) 

The  prfparation  of  gtycociue  by  the  action  of  aulphnric  add  upon  gdatiB  ia  ka 
advantagcoua,  becaixa«  a  oon^ideruble  quantity  of  leucine  ia  formed  at  the  ^me  tim^* 

2.  Hippuric  acid  is  boiled  for  half  an  hour  with  atrong  hydrochloric  acid,  and  tla 
liquid  w  diluted  with  water  and  left  to  cool ;  the  greater  part  of  the  bt^nxoic  add  tka 
»epttrates,  while  the  glyoocine  remains  in  solution.  The  decanted  liquid  ia  n«^ 
rated  over  the  water-bath  to  expel  the  excess  of  hydrochloric  add;  the  d^ed  reeidiie  a 
trentM,  first  iwith  ammonia,  then  with  absolute  ^cohol ;  and  the  glycodne,  whtdi  » 
mains  in  the  form  of  a  crysttdline  powder,  ia  wui'hed  on  a  filter  vrith  abaoIuU  akohoL 

3.  Glyeocholic  acid  ia  boiled  for  some  time  with  hydrate  of  barium ;  the  lionid  a 
flltenid  to  ^pamte  the  crv'stallino  cholute  of  barium  which  formst  then  treatea  witl 
carbonic  acid  to  remove  the  exeesfc  of  baryta,  and  with  hydrochlorie  add  to  |tW9t 
pifate  a  smiill  quantity  of  choiic  acid  whieh  remaina  in  solution. 

The  wh^^le  of  the  baryta  ia  next  precipitate  by  sulphuric  acid  ;  the  liquid  boOtd  witi 
hydrdtc  of  lead  to  remove  aalphunc  and  hydrochloric  acid ;  and  the  excess  of  lead  pre 
cjpitated  by  sulphydric  add.  The  colour!  etsa  solution  thus  obtained  depoaitj  ojitili 
of  glyoocine  by  evaporalioo* 

Proptrties, — Glycocine  crystallises  much  more  readily  than  cane-sugar,  a  peQici 
soon  forming  on  the  surface  of  its  solution  daring  evaporation.  The  czyatals  azi 
granular,  ver\*  hard,  and  crackle  between  the  teeth.  They  are  flattened  priama  a 
aggregated  platea,  belonjring  to  the  monochnic  sj-atem,  with  the  £acea  oeP,  aePfl 
ocPao  ,  (  ocPao  \  (Poo  \  2F2*  Ratio  of  tho  principal  axis,  cbnodiagonol  aad  oitba 
diagonal,  «  1  :  1  Ro67  :  2 '20 36.  Inciinatiou  of  ciiaodiagoual  to  prindpal  axis  ■ 
68^20'.  In  the  dinodiugonal  principal  section,  ocP  r  ooP  =  103^52';  (Pao  )  .  (P*  )  * 
134*  W;{  »Poo  ) :  (xP2  ^  111°  23'.  Cleavage  very  di^tmct*  panUlel  to  (  «P« 
(SchabuF,  Besthnrnvn^  dcr  KnfstallgesUtitf^  in  cAfiHiichtn  Lahortitt/rim  rrscuati 
ProducU,  Wivn.  1866,  S.  16;  see  also  Keforstein,  Pogg.  Ajin.  xcix.  276).  Th 
crystals  melt  mor^  e&idly  than  common  siigar,  and  have  a  awdei  taste  about  equal  s 
strength  to  that  of  grape-snear. 

Glycocine  ia  sparingly  soTuble  in  water,  iiwolubic  in  ether,  and  in  absoluti*  aleohol 
even  at  the  boiling  heat^  but  dissolves  witli  mwlerate  facility  ia  bytlrated  alco2io] 
According  to  MuJder  and  Horsford,  it  has  no  acid  reaction  with  ve^^etable  colouis,  ba 
according  to  Deasaignes  it  reddens  litmus  sf'nsibly.  It  decomposics  acetcate  of  CopM 
nt.  the  boiling  heat,  expelling  the  acetic  acid,  and  dissolves  lime  when  boiled  for  ton 
time  with  chalk  (Dessaigue s).  According  to  Horsford  (Ann.  Ch*  Phann.  Li.  l] 
glycocine  prevents  the  precipitation  of  copper  fro>m  the  sulphate  by  potash,  i 
Hquf'ouH  solution  dissolves  oxide  of  copper,  forming  a  blue  aolutioo  which  * 
needles  on  cooling. 

Dfci:miposiii<>m. — 1.  The  crystals  of  glycocine  begin  to  turn  brown  at  170°  ( 

lower  part  giving  off  gas,  while  the  upper  part  melts  and  csystalliaea  again  OD  tL^ 

At  1 9 0<^,  partial  carbonisation  takes  place  (Horsford).— 2.  The  cryataJa  of  gJyeMlM 
boiled  witli  strong  ^tash'solathn^  assume  a  flcry-red  colour,  and  giro  off  \ 
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but  if  tlic  heat  he  contiiitied,  th©  colour  dlsappenn.  On  adding  hjdrochTorie  add  ta 
the  residue,  hydrocyanic  acid  is  tlisong«g(>d,  aud  the  liquid  i§  found  to  contain  ox&lic 
ftdd  (Horftford).  The  same  fiery -red  coluur  ia  ulso  produced  by  beating  glycocine 
with  bydnitQ  of  barium  or  oxide  of  lend.  Dilute  put  ash  and  bairvta-wmter  do  not 
eliiBto&ta  ADimouia  from  glycocinc— 3.  Gljcocincs  heared  with  anJk^rous  har^ia  ja^ives 
off  methylAmin«  (mixed  with  ammoniu),  und  kavos  carbonate  of  barium*—  4.  With 
hydraie  of  potassium^  the  Eiame  products  ^ippear  to  be  formed  in  the  first  in8t.aDee,  but 
the  methylamiDe  is  immaliately  decomposed  into  ammonia  and  £ree  hjdrogea,  and  the 
mi  duo  oontAins  oxalate  of  potaaaium  as  well  as  carbonate : 

Cm»NO«  +   Ba*0       =       Ba»CO»   +   CH*N 
and 

2CH'N   +    2KH0   +  2H^0       =-       K*C«0*   +   2XH"   +   6H» 

(Cahouri,  Ann.  Cb.  Phy«.  [3]  liii.  322;  Ann.  Ch.  Pharm.  cix.  29),— 5.  Siron^mii* 
phuric  neid  blackens  glycocine  when  heated  with  it.— 6,  When  gljcofino  is  Wtfd 
with  a  mixture  of  diluir  safphuric  ncid  and  pfraridf  of  had  or  manffanrsr,  carbonic 
anhydride  ii  evolved,  and  the  iiqtiid  yields  by  dietilltttion  pure  hydrocyanic  acid: 

C*H*NO*  +  0»  =  CO*  +  2H*0  +  CNH. 
— 7.  On  boiling  glycocine  with  water  and  peroiido  of  lead  aloD<>t  a  strong  ammoniacal 
distillate  i&  obt-aincd,  and  the  residue  eontaioa  carbonate  of  IcmX  but  no  cyanide  or 
format**.— 8,  It  is  oxidised  by  fncrmrotis  nitrate,  the  mercury  being  redact  to  the  me- 
tallic state.— 9.  Nitrous  acid  converts  glycocine  into  j^lycolHc  acid,  which  may  be  sepa- 
rated from  the  liquid  by  agitating  with  ether  and  eTaporatiug : 

(Socoloff  and  Strecker,  Ann.  CL  Phaim.  Hit.  18;  Dessaignei^  Compt*  read* 
xxxviii  44),— 10.  Glyoocime  boiled  for  «ome  time  with  niiric  acid,  or  treated  with  a 
mixture  of  chlorate  of  potatsium  and  hydrochloric  aeid^  is  converted  intoazi  acid»  which, 
when  aatunted  with  ammonia,  yields  with  chloride  of  barium  a  cryKtallin©  precipi- 
tate^  containini^  aeoording  to  Horaford,  C'H*Ba=0^  The  same  acid  ia  produce<l  from 
glycocine  by  the  action  of  chlarin^wattr^  niirout  ai-id  (?)  or  pfrmanffanatf  of  potojf- 
stum  (H  ore  ford). — ^11.  Chlorine  gas  immediately  attacks  the  crystals  of  glycocine, 
separating  water  and  hydrochloric  acid,  and  pro<lucing  a  hard  brown  substance  purtlj 
Botnblc  10  water.  The  acid  sot ut  ion  when  ooneontnited  depodta  huge  prisms.  Bromim 
and  iodine  act  like  chlorine,— 12.  Qlyoocine  heated  in  sealed  tubes  with  btmoio  aci4 
is  converted  into  hippuric  acid  (Dessaigne%  J.  Pharm.  [3]  xxxii,  44) : 

C«H»NO*  +   C'H-0*       -       C»H»NO«   +   H»0. 

Hiopuric  acid  is  likewii^e  produced  by  treating  the  zinc-salt  of  glycocine  with  eMorid9 
q/'6ert^oy;  (Deaaignes,  Compt.  rend,  xxxvii,  251): 

C'H^ZnliO*   +   C'H^OCl       -       ZnQ   +   C*IPNO*; 

and  by  treating  the  Bilver-salt  of  glycocine  with  chloride  of  anigyl,  C*Ii'0'Clt  and 
chloride  of  cumr/l,  C'*H"DC1,  adds  analogous  to  hippuric  acid  are  obtained,  Tia*  ani- 
fluric  acid,  C'*H»'NO«,  and  cuminaric  acid,  C'*II'*NO*. 

13.  Glycocine  mixed  in  solution  with  eyanamid^,  CN*H',  unitce  with  it,  forming 
glycocyamine,  C'H^N'O*,  a  compound  homologous  with  creatine  (p.  95).  (Strecker, 
Compt  rend.  lii.  1212.) 

14,  According  to  Braconnot,  the  aqueous  Boltition  of  glycocine  is  not  thrown  mt«i 
fenneabition  by  yeast,  but  according  to  Buchner  (Ann*  On,  Fharro.  bcxrii.  203X  it  is 
de«9fDposed  tmder  the  influence  of  a  ferment,  and  in  ptweiMW  of  an  alkali,  giving  off 
carbonate  of  ammonium  und  jiflding  a  number  of  other  ptpodiieta. 

Ketallio  Coiapoaiida  of  Gljooolne*     GlycoUamatfs  or  Ojyaeetamatet,''*th^ 

W       1^ 
general  formtda  of  these  oompoonda  is  CH*MKO»  »  (C'H'0)''Sq. 

M       ) 

The  potauium-^olt,  obtained  by  evaporating  a  Bolutfou  of  glycocine  in  dilute  potash 
\o  a  syrup  OTOP  ^o  water-bath,  forms  alkaline^  very  deliquescent  needles,  which  must 
be  quickly  washed  with  alcohol.  The  barium-salt  i»  obtained  in  the  crystnlUne  state, 
by  triturating  glvoocine  with  hydnitc  of  barium,  mixing  the  Bcmifluid  ma«§  with  water, 
and  leaving  the  liquid  to  evaporate.  The  remaining  salts  are  obtained  by  heating  the 
reppective  oxides  with  an  aqueous  solution  of  glprcocine.  The  cadmium-salt^ 
2C*H*CdN0MP0,  forms  foliated  crystals  having  a  silky  lustre.  The  C0pper*wlt^ 
2C*H*CuNO'.H*Oj8  obtained  aa  above;  also  by  treating  a  mixture  of  glycocine  andsul* 
pihata  of  copper,  first  with  potash  and  then  with  alcohol,  which  precipitatea  the  com- 
poTUid  at  A  certain  degree  of  concentration  of  the  liquid.  It  forms  blue  crystals,  very  eolnblo 
m  water,  not  decomposed  by  carbonic  acid     At  100^  C,  the  crystals  give  off  their  watcf 
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obtained  bj  boiliiig^  protoxide  of  lead  in  aqtu^oua  gljooouM 
oat  of  eontact  of  air,  forms  coloorl^si  needlefi,  which  are  < 
On  adding  alcohol  to  the  fillrratf'  obtained  alter  boiliq 
colourless  n<?*?d](*9  are  formed,   resembling  cyanide 
C^H'Hg'N'O^H^O,  forms  amaU  crystals,  the   aqueoii 
fKMiod  by  boiling,  metallic  mertiiry  being  separated,  and  i 
ppodoced.     The  sUver-salt,  C*H*AgNO*,  is  difficult  to  ob 
Oxide  of  tilver  diseolTes  readilj  in  aqjneoua  glycocino,  but  t 
the  mixture  muat  be  digested  for  norne  time  at  S(P  to  li 
aooondi!<i,  aud  ftlt^'red  at  the  boiling  heat^  "" 

Compomids  of  Gtyoocino  wltli  Aolds  onit  1 
du<MHl  by  direct  combination, 

Aettaie  of  Gii/cocinf,  2CH*NO»,C»H*0*,3H»C 
adding  aleohcd  to  a  solution  of  glycocine  in  acetic  i 
Ja  water, 

Chromat*  of  Glycocim,  Chromotaceharie  t 
potfl«iiUjm  is  deposited  in  crystals  on  adding  alcohol  to  on 
and  ticid  chromate  of  potassium.  It  d&compoeea  in  &  few 
bonaceous  matter,  eren  while  immersed  in  the  liquid. 

H^drochtoratM  ofGlycocine, — A  mmiobasic  saK  C 
boiling  hippmic  acid  with  hydrochloric  acid*  It  has  an  acid, 
Bolvea  Tfiy  easily  in  water  and  io  commoa  alcx^bol^  spannj 
diitsolviog  glyeocine  in  hydrochloric  acid,  and  leavuia  th 
hydmchlorate,  2C'n*N0lHCl,  \b  obtained  in  ctystAlabelo 
dominant  fece"!  odP,  ocPi,  ocfgo  ^  f^oe,  i^^ao,  P.  B 
CTodiiigODal  and  brachydiagonal,  **  1  :  1*1108  :  0*309  L  I 
p^  aection  ocP  :  »P  =  148^64';  mP2i  aF2  -  13 
JPoo  :  JPoo  =  131°  32'.  Cleavage  Ycry  distinct,  parall 
cit,  p.  902).  On  adding  a  eoneeatrated  lolntion  of  dichh 
of  hydrochloric  ftcid  to  an  aqueous  solution  of  glyc( 
alwhol  drop  b?  drop,  cherry-coloured  dystals  art  obt4 
ing  C-H*NO*,UCLPtCl^ 

(rlycocinf*  combines  with  the  ckhridfs  ofpotamvm,  i 
ttannovs  chi^rtridr.  The  btirium-compound  forms  cryai* 
rhombic  system,  with  the  dominant  faces  ooP,  Poe)  ,   oel 

Nitrate  of  Glycocine^  or  Nitrosaccharic  acid, 
hj  carefullj  emporating  a  solution  of  glycocine  in  dilute 
may  be  purified  bj  recrystallisation.  They  Wtong  to  the  1 
faces,  ODp,  Qc^«,  foo,  aof*ao.  Ratio  of  the  prind 
1  :  3  4122  :  2-9687.  Inclination  of  the  feces,  ooP  :  oePae 
106°  2a';  f «  :  t«  =  142°  3u';  oD^ao  :  odP*  =  9<fi 
(NickUs,  Compt  chim.  1849,  p.  25C).  The  cry8t4as  hi 
rine  taste,  s^jmewhat  like  that  of  tartaric  acid.  NitraU 
swells  up  oonsiderablj,  melts,  though  not  completely,  nnd 
It  does  not  afiect  the  solutions  of  the  salts  of  the  earths 
dissolTCS  iron  and  zinc  with  evolution  of  hydrogen.  By  slo 
2  a,U  glycocine  in  1  at.  nitric  acid,  Dessaignes  obtained  a  ba 
in  crystals  resembling  nitrate  of  urea. 

NitrasnecfMrates, — These  salts  are  obtained  bj  saturati 
charic  acid  with  Tarious  bases.  The  potoMittm-auLU  C*H*^ 
salt  cryst-allise  in  needles  sparinglj  soluble  in  alcohol  The 
lisable  ajid  dolique«kzent ;  the  £atf-Balt  nncrjstallisahle  ai 
ctprstallisable,  and  maj  be  obtained  by  dissolring  met^dUt 
The  eopper-Bidt,  C«H*CuNO«.NO»Cu.fi*0,  obtained  by  diss 
^^  gijcocioe  in  nitric  acid,  crystallises  in  blue  needleap  i 
czyBtallisation  and  turn  jjroen  at  150°  C,  and  decompoei 
I82«.  The  si/tvr^salt,  a^H»NO*NO*Ag,  crystiOIises  in  net 
fiiom  the  air  and  niter  quickly  on  exposure  to  lif^ht. 

Oxalate  of^f^coeiue  ts  obtained  bjr  boiliug  hippt] 

solutioQ  of  oxalic  acid.   The  lic|uid  first  deposits  benzoic  aci 

■Ijcocine.     The  mdt  forma  cr>'KtaIa  belonging  to  the  trim- 

aceso^P,  ooPgo ,  oePi,  f^« .  Ratioof  principal  and  second 

Jnehimtirm  of  ooP  :   ^p^  «  ia2«;    <»P  :   «?2  «  162«; 

./    o=P  =  m°  W  :P^:P^^  1520  lo',     (NickUi 

i>ulphate  af  Glycocine,  or  Sulphoeaecharic^^ 
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Obtamod  bj  diwolTinii^  gljcocine  in  ffulphtiric  ncid,  in  large  oolonrless  prifms,  vhich 
Are  permuieBt  in  the  lujr.  They  hare  n  sour  tot^tf?,  do  oot  give  off  anything  ut  100*^,  aro 
fioluble  in  wuter  and  in  warm  aqueous  alcohol,  insciluble  in  absolute?  alcohol^  and  in 
ellier.  Aceonling  to  Nicklea  (^',  t*t^.),  the  crystdLa  belong  to  the  trimetric  system, 
with  the  dominant  faces  ooP,  a  Poo ,  ocPaci ,  Pao ,  Ratio  of  piincipil  and  seeondiuy 
axea  -  I  :  0  4244  :  O-3207.  Indiuatiou  of  faces,  ocp  :  c»Po&  »  125*  10';  <bP: 
ooPgo  ^U5^;  ocPao  :  ODf-oo  =  9p° I  »P  :  l^oo  »  119<^  4*;  t®  :  ooPod  -113°; 
Pta  I  poo  B!  138^  20^  The  oomposition  of  thiii  compound  hm  not  been  satisfaiCtoriljr 
deterauned,  Hornfurd  obtained  twej  kindii  of  cry  stab,  to  which  he  adsigned  the 
formulm  C*IPN(y,SO^,  and  €^Ii*NO\SO*.  The  formula  oboTo  given  was  atiggedt«d 
by  Gerhardt.  Horaford  likowiae  obtained  two  basic  sulphates,  the  t'ompoaition  of 
which  XA  doubtful.  SulphcMiaccharato  of  potaasium  ia  prodpitiited  in  transparent 
pri<im.H  on  adding  aloohol  to  &o  aqueous  mixture  of  glycocine  and  acid  sfolphate  of 
potassium. 

Eihtfiglyeocine,  C*H*NO'  =  CH'(C'IP)XOl— The  bydriodate  of  this  base  is  ob- 
tained by  heating  glycocine  with  iodide  of  ethyl  and  absolute  alcohol  in  sealed  tubes. 
It  forms  rhombic  crystals,  which  when  decomposed  by  oxide  of  BUver  yield  the  base  in 
email  ctystaU  haTing  an  alkaline  rcacliou*  It  forms  a  crjBtalline  platinum-aalt. 
(Schilling,  Ann,  Ch.  Pharm,  ciiviL  97^) 

Dimrthtfl'^lycocine,  C*H''NO*  -  C^H"(CH")'NOl— Tho  bydriodate  of  tliis  base, 
C^H*N0-.H1,  (isomeric  with  tho  pivcediag)  is  obtaintMl  in  like  maimer,  together  with 
another  hydriodate  (probably  of  methyl-glyoocine)  the  latter  cryBtallising  out  firsts 
The  hydriodate  of  dimethyl-glycocino  crystaOiaea  in  Imnsparent  rhombic  priama. 
(Schilling,  kn:.  cit) 

Bl^lycoUaiiilc  acta,  C*H^OV  and  XrlffI j^coUamlo  acid,  C*H*XO».  (H ei n  ta, 
Ann.  Ch*  Pharm.  cxxiL  267 ;  cxiiv.  297.) — ^Tiiese  acids  are  produced,  siinultatieoaBly 
with  glyoocine  (monostjeollamic  acid)  bv  the  action  of  ammonia  on  cMoracetic  acid, 
the  reaetiona  tddng  place  as  shown  by  the  equations ; 

CH'CIO*  +  2NH»     -      KH^Cl  +  C«H*NO« 

2C'HT10«   +   3NH"     =     2NH*C1   ^   C<H'NO* 

SC^H'CIO'   +    4NH>     =     3NH*C1   ^   C*H*NO» 

To  separate  them,  the  solntioa  obtained  by  boiliog  chtoraeetic  acid  with  ammonia^ 

aftirr  being  freed  from  sai-iimmoniac  by  precipitation   with  alcohol,  is  boiled  with 

hydrate   of   lead.      A  preoipitato    is    then   formed    consisting  of   oxychloride   and 

trtglycu Hamate   of  lead  (from    which    the   acid  may  be  separated   by   sulphurttt(>cl 

hydrogen),  and  a  solution  of  mono*  and  di^glycoilamate  of  lead.     This  solatiun,  after 

being  freed  from  lead  by  sulphuretted  hydrogen,  is  boiled  with  recently  pivcipi tilted 

earbonila  of  tine,  whereby  both  the  aei(£i  are  conrerted  into  zinc-salts,  which  may  be 

easily  separated,  tho  monoglycollamate  (zinc-aalt  of  glycocine)  l>eing  easily  soluble  in 

water*  while  the  dlglycoUamate  is  Tcry  sparingly  solnble  eren  at  tho  boiling  beat<. 

Both  dU  and  tnglyoollamie  acids  in  the  free  state  are  ciTstalliae  solids,  less  solnbla 
in  watt^r  than  glycocine,  insoluble  in  alcohol  and  ether*  Tneir  composition  and  modd 
of  formation  show  that  they  are  related  to  glycocine  in  the  same  manner  as  dt-  and 
triflibylamine  are  related  to  ethylamine.  The  three  compounds  may  be  formulated  aa 
foUowa: 

ny^'EX'^f   JO  I H  Jo 
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tlieie  foimuIiB  being  deriTed  from  the  water-ammonia  types, 
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by  substitution  of  the  diatomic  radical,  CH'O,  for  the  seteral  ptdra  of  bracketed 
hydrogen-atoms. 

Each  of  these  formulae  contains  three  atoms  of  hydrogen  not  included  in  the  radicla 
CH'O;  but  in  the  firet  only  one  of  these  hydf^n-atoms  belongs  to  tho  w.-iler* 
molecule,  and  is  therefop«i  easily  replftceable  by  metals,  whereas  tb©  second  formula 
contains  two,  and  tho  third  three,  hydrogen ^atoms  thtis  replaceable :  hence  glycocine 
is  monobasic,  diglycoUamie  acid  is  dibasic,  and  triglycoUamic  is  tribasic. 
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Ffopertieg, — Glyeogeo  ii  •  whit©  me^ly  powder,  exhibiting  no  parHnikr  form,  even 
under  the  imcrofcope.  It  is  neutral,  iocRlorou*,  and  tAstes  liko  ^ta^eh.  Driwl  at  IDO'^  C. 
i%  contiiins  4449  per  cent,  carbon.  6 '19  hjdrogcn,  mid  4902  oxygen  (KekiiUX 
agreeing  nearly  with  the  formtdifc  C"H'*0*,  which  requirea  4444  C,  617  H,  and 
49-39  0. 

Glycogen  forma  with  leaier  an  opaleseent  solution,  whieh,  in  the  Absence  of  fer- 
ments, does  not  undergo  spontaneous  alteration  (Burnurd).  On  evaporating  tfio 
eolutioa  the  glycogen  aeparate«  in  films  (Ilensen).  Glycogen  is  precipitated  from 
itg  aqueous  solution  hy  ajitmal  charcoal  (Bernard),  and  according  lo  Bernard  and 
Lehmann,  by  act  tic  acid;  hut  according  to  Gurup-Beaanez^  this  precipiladou  doe^i  not 
take  place,  the  solution  being  on  the  contrary  rendered  clearer  by  addition  of  ucetis 
acid.  According  to  Bernard,  it  ie  precipitated  from  aqueous  solution  by  Uisio  acetate  of 
lead  ;  according  to  Henaen  it  is  not. 

Glycogen  is  quite  insoluble  in  alcohoi  (B e r  n  ard) ;  slightly  soluble.     (H en s en.) 

/o<fine colours  it  violet  or  bright  brown-red»  seldom  pure  blue  (Bernard);  violet 
or  mo»t  frequen  dy  red-brown.     (K  e  k  n  1  d. ) 

Ikeonijfosiiions.^1,  AM  reagents  whicb  transform  starcb  into  sugmri  similarly 
change  glycogen^  first  into  a  substance  corresponding  to  dextrin,  then  into  sugar 
(Bernard).  The  sugar  so  produced  is  identical  with  grape-sugar  (Bertheiot  and 
de  Luca,  Compt  rend.  xlix.  213).  This  transformation  i«  occasioned  by  dilutee 
mineral  acids,  diastase,  and  the  fennents  contained  in  the  bloodi,  saliva,  liver,  and 
pancreas  (Bernard).  Boiling  dilute  sulphurie  acid  first  clanfies  the  aqueous 
edutioD,  and  only  produces  sugar  after  continued  boiling  (Kekul^). — Neutral  uqueous 
glycc^Q  is  immediati4y  converted  into  -sugsir  by  saliva ;  the  trausformadon  takes  place 
very  slowly,  or  not  at  all,  in  presence  of  free  acid,  caustic  alkalis,  or  alkaline  carbonates 
(Pavy).  If  the  glycogen  contained  in  a  conoentmted  decoction  of  liver  or  musculaf 
fiesh  is  warmed  with  salivsi,  it  ferments  on  the  subsequent  addition  of  yeast 
(Poggiale).  Glycogen  which  has  not  undergone  this  preLiminory  treatment  does  not 
ferment  on  addition  of  yeast.    (Bernard) 

2.  By  roasting^  glycogen  is  converted  into  a  substance  iimilar  to  dextrin  (B  e  rnard^. 
The  dextrin  fisrmod  thns,  or  according  to  1,  rotates  the  plane  of  po1aris4ition  towanu 
the  ligbtf  does  not  reduce  an  alkaline  cupnc  solutioni  is  not  eoloorcd  blue  by  iodine, 
and  does  not  ferment  with  yeast.  It  give*  a  cleiar  solutioa  with  water,  not  with 
s tro  ng  alcohol     (Bernard.) 

3,  Glycogen  yields  xyloidin  when  treated  with  eoncentraied  nitric  acid ;  and  oxalio 
acid  when  boiled  with  dilute  nitric  add  (Pelouze).  If  concentrated  nitric  acid  is 
poured  over  glycogen  dried  at  100°  C,  solution  takes  place  after  a  few  momenta,  and, 
if  water  is  immediately  added,  a  quantity  of  xyloidin  is  obtained  amounting  to  ISO 
per  cent,  of  the  glycogen  employed.  If  the  nitric  acid  solution  is  allowed  to  Htand  for 
Bome  time,  wut^?r  precipitates  a  smaller  quantity  of  xyloidin,  and  after  several  days 
none  at  all  (Pe  louse), — 4,  Glycogen  does  not  reduce  an  alkaline  solution  of  a  cuprio 
*til(.    (Bernard.) 

Fhysiohtgical  relatione. — The  function  of  glycogen  in  the  animal  economv  is  a 
snltjcct  on  which  the  opinions  of  physiologists  are  mudi  divided.  Berujira,  who 
diMcovereil  it,  maintains,  that  it  is  converted  into  sugar  tn  the  liver,  by  the  action  of  a 
ferment  contained  in  that  orjjan,  and  that  this  conversion  of  glycogen  into  sugar  is  a 
constant  and  normal  function  of  the  liver.  This  view  is  founded  on  the  observation, 
made  by  Bemunl  bimstlf  and  other?,  that  in  carnivorous  animals  the  blood  of  the 
portal  vein  is  quite  free  from  sugar,  whereas  that  of  the  hepatic  veins  contains  a 
considerable  quanlity  of  it;  and  that  in  herbivorous  and  omnivorous  animals  Iho 
amoimt  of  sugar  in  the  hepatic  veins  is  always  much  greater  than  in  the  portal  vein, 
Lehmann  (Compt.  rencL  xL  228)  found  that  the  pirtal  blood  of  dogs  which  had  been 
kept  fasting  or  fed  entirely  on  meat  was  free  from  sugar,  whereas  that  of  the  henatic 
vein  contained  a  quantity  amounting  to  between  0'6  and  0*9  per  cent-  of  the  dried 
residue  of  the  blood.  When  the  dogs  were  fed  on  p>bit<x'S,  the  portal  blood  contained 
onl^  truces  of  wugnr,  the  blood  of  the  hepatic  vein  from  0  8  to  I  per  cenL  (of  th©  dry 
rt^sidue).  The  portal  blood  of  horses  fed  on  bran,  hay,  and  straw,  contained  005  per 
cent,  sugar,  that  of  the  hepatic  vein  from  06  to  OO  per  cent,  (of  the  dry  residue).  Leh* 
rannn  also  found  that  in  the  passage  of  the  blood  through  the  liver,  the  fibrin  disappears 
oltogtthur  and  the  albumin  in  great  part ;  and  he  supposed  that  the  sugar  in  the  liver 
was  formed  from  the  fibrin  of  the  blood  Harley  (Proc,  Boy.  Soc  x.  297)  obtained 
resulta  similar  to  tho^e  of  Bernard  and  Lehmann,  with  rt'f^rd  to  the  presence  or  absence 
c}f  sugar  in  tlie  portal  blo4>i  aeeonling  to  the  natitreof  the  diet;  ho  also  finds  lhatstig;ar 
is  a  normal  constituent  of  the  blood  of  the  general  cLrctilation ;  that  the  livtrs  of  dO0} 
contain  sugar  whoth^^r  the  dirt  is  animal  or  vegetable,  and  that,  under  favourable 
circumstances,  sugar  may  W  found  in  th^  liver  of  an  animal  after  three  entire  <liys  of 
rigid  faetiiig ;  and  ho  concludes  that  the  sugar  found  in  the  bodies  of  animals  fed  on  a 
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mixed  diet  is  partly  den  Ted  from  the  food,  partly  formM  in  the  lirer  ;  tliat  tJie  Irwfl 
of  animjiU  imtrictcd  to  flesh  diet  possess  the  power  of  forming  glycogen,  which  glyco- 
gen is  Mt  least  putly  tninsformea  into  ingar;  uid  that,  as  sugar  is  foand  in  the  hret 
at  the  moment  of  death,  ita  pireBetice  cannot  properly  be  ascribed  to  a  j»ogi  mtfrttm 
change,  but  i^  to  be  n^gardod  an  the  result  of  a  natural  condition. 

On  the  other  band,  Fignier,  Pavy,  and  otbera  find  that  tho  blood,  after  leaviog  the 
liver  does  not»  under  normal  conditionji,  contain  a  larger  amount  of  sugar  than  before 
^■uterfnp  thiit  organ.  According  to  P^vy,  blood  collected  from  the  right  side  of  the 
henrt  during  life  (by  catheteriem)  contains  bnt  a  trace  of  sngar,  although  when 
collected  from  the  same  part  af\er  death,  it  givflfl  abundant  indicatioxi  of  the  proMoeeitf 
thut  suli«tance.  The  heart  exeised  inatantaneonily  after  sudden  tilling^  coiitAilfei  hluod 
as  free  from  sugar  as  daring  life.  Pavy  alao  oondudes  fitnn his  oirti  r  Tru^m'TrfAotai  that 
the  saccharine  state  of  the  liTer,  which  has  hitherto  been  looked  U|  ^^gin^  to 

life,  is  the  result  of  a  pott  mortem  change  which  taJeee  place  with  a^l  rspi« 

The  glycogen  (or  hepatin)  in  the  lirer  is  in  contaet  with  a  ferment  ca|^4L]t^  under  ^ 
tain  circnmstancos  of  tranHfonrting  it  into  sugar,  but  this  transformation  do^s  not  f 
place  daring  life,  and  moreover  may  be  checked  by  the  influence  of  acids^  aT 
extreme  cold,  and  a  heat  sulficient  to  destroy  and  congulato  the  ferment ;  and  bj  J 
of  these  agencies  it  may  be  shown  that  if  the  liver  contains  any  sugnr  at  the  moa 
of  death,  it  is  only  to  the  extent  of  the  raereflt  trace.  Carbonate  of  sodiurxi  iigect«d 
into  the  portal  system  during  life  caitiiea  a  rapid  disappearance  of  ^lycogeJQ  from  the 
liTcr  witnout  any  sign  of  the  production  of  sugar.  The  liyeiu  of  animals  naturally  of 
low  temperature,  such  as  the  £rog»  oyster,  and  muflael,  are  free  from  sugar  during  hfe 
and  at  tiie  time  of  death. 

The  ingestion  of  starchy  and  siicchorlne  tmbstanoes  leads  to  a  gn&t  acciuiiolatioD  of 
glycogen  m  the  liver,  that  oigan  at  the  some  time  inefieasing  greiatlj  in  siae.  The 
average  weight  of  the  liver  of  eleven  do^  fed  on  animal  diet  was  ^  of  that  of  tbt 
animal,  and  an  analysis  of  seven  of  the  hvent  gave  an  average  percentage  of  glycoges 
amountiug  to  7'  1  &.  Five  dogs  fed  upon  a  vegetable  diet  gave  an  average  weight  of  litvr 
eqnal  to  ^  of  Ihat  of  tbo  animal  An  analysis  of  three  of  the  liveiv  gave  an  averagi 
percentage  of  glycogen  amounting  to  1 7'23.  Four  dogs  fed  upon  a  diet  of  animal  food  with 
a  lai^e  admixture  of  sugar,  gave  an  average  weight  of  liver  equiil  to  —^  of  that  of  the 
antmal,  with  a  percentage  of  gtjcogfu  amounting  to  14  5.  Similar  results  were 
obtained  by  experiments  uponmbbits,  showing  that  H^acehanne  and  amylaceous  matteii 
received  as  food  are  converted  in  the  liver  into  glycogen.  Pavy  reguds 
affording  a  strong  argnment  attains t  the  ifupfMSsition  thnl  sugar  is  formed  in 
during  hf©,  as  it  appears  highly  improbuhle  that  sugar  should  be  first  t"  *~ 
the  Hver  into  glyeogem,  in  order  to  be  re>con verted  into  sugar  in  the  same  Ofgaa. 

M'Donnel  re^uds  glycogen  as  the  basis  of  an  a«otiAed  protoplasma  fbrming  a  coo- 
Btituent  of  folood*  For  if  it  be  true^as  appears  from  the  obeervationa  of  Lehmann, 
Brown-S^quard,  and  also  of  McDonnell — that  the  fibrin  and  much  of  the  albumin  of 
the  portal  blood  vuniiihea  in  the  liver,  and  that  tlie  liver,  at  the  same  time  that  it 
destroys  these  azotised  compound',  forms  its  own  non-4iJEoti*=ed  amyloid  substancev  and 
excretes  bile  containing  so  little  nitrogen  that  it  neM  hardly  be  taken  into  < 
the  conclusion  seems  obvious  that  '*  tho  nitrt^gfu,  wliich  leaves  the  liver  by  j 
outlet,  may  go  forth  in  the  hepatic  hltKnl  in  union  with  the  amyloid  substai 
changed  into  a  new  azotised  principle ;  that  thus  the  liver  is  a  great  bloctd-ma 
organ,  in  which  there  is  constantly  going  on  a  reconstruction  of  certain  intrredient 
the  blood;  that  in  it,  the  fibrin,  &e,,  which  has  done  it«  work,  i^ 
hydrocarbons  of  the  bile  abstracted,  and  the  nitrogen  combined  wit' 
stance,  which  instead  of  being  normally  changed  into  sugar,  emei^* 
a  coniitittiput  principle  of  the  protoplasma,  tfom  which  (to  m*e  the  words  of  Bern 
with  reference  to  the  fa?tal  tissues)  organie  evolution  is  accomplished.'* 

OXiXCO-HTOCHOX.Zc   JlCZ]>.    See  Hvo-aLicocHOLic  acid. 

aXiTGOX.,  iLlWTILEirZC.     See  AMTLBNa,  Htdkjltb  of  (I  2D8)« 

€m%»TCOJi,    See  ErBYi-Ejm,  HtdrjITiis  of  (p»  574), 

Cl.TCOZ«JLZiI>TX..     The  name  given  hy  Heintz  (Fogg.  Ann,  cxL  165.  £01)  toj 
diatomic  radieh>,  C*'H*,  which  he  supposes  to  exist  in  oxalic  and  aaocharie  acida.        \ 

ai.TC01.ZC  STSESS.     The  ethers  of  the  diatomic  alcohols  or  gjvcols  fp.  SU 
not  to  be  confounded  with  glycollie  ethers,  the  ethers  of  glycoUic  aad 

"      \o 

0£TCOX.XiAinZ3>ll.    C'n>N0'  =  (C»H»O)"{     ,-Thia  compound,  isomeric 

glycocijje,  in  pro<luccd: — L  lly  drssolving  gly collide  in  aqueous   ammonia^ — ±  , 
the  action  of  ammonia  on  glycollafo  of  ethyl  (H  e  in!  e). — 3,  By  tlic  action  of  heat  ^ 
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tartronate  of  aramonmni:  C'H'(NH^)0*  =  C«H>NO»  +  CO'  +  H'O.  This  salt  in<^lt« 
at  160^  C.  ynOi  violent  c»vobtion  of  carbonic  anhydride  ;  on  oontintiing  th©  beat,  car- 
bonate of  aramouium  escape's,  and  at  length  there  remains  a  residue  whieli  solidifies  on 
eoolinj^,  and  when  recrjBtalli84>d  from  water  yields  beautiful  cryntald  of  gljcoUamide* 
(Dessaignefi,  Compt.  rend,  xxx^-iii,  47.) 

Thia  frabfitanee  dissolves  readily  in  Trater,  and  sparingly  in  alcohol,  and  may  W 
recrvj'tallised  from  i>oiling^  alcohol^  differing  in  thiM  rojs}»<>et  from  glycocinri,  which  is 
nearly  insoluble  in  alcohol.  It  has  a  fainr^  aomewbat  sweetish  ta^te^  and  slight  aeirl  re- 
action (Beasaignea).  According  to  Heintsc,  it  is  neutral,  melts  at  120°  C*,  without 
decomposirion,  and  docs  not  ^nitt^  with  baaea  (glycocine  melts  with  partial  decom- 
po«<ition  at  170^  and  forms  salta  with  bas«!)»  It  \»  not  decomposed  by  potash  in  the 
cold ;  but  when  boiled  with  potash^  it  yields  ammonia  and  glycoUate  of  pota^niiim, 
in  which  re^peet  also  it  differs  frctm  glycocine  (^.  903),  It  is  decomposed  in  a  similar 
manner  by  aqueous  acids.  Heated  to  lOO'^  C.  m  a  current  of  djy  hydrochloric  acid 
gas,  it  unites  directly  with  the  acid,  forming  a  thick  liquid,  which  cijstallises  on  cool- 
ing, provided  the  action  has  not  benn  too  long  continued ;  but  at  a  higher  temperaturo 
it  in  decompoaed,  yielding  sal-ammoniac  and  gly collide,  (Heinti,  Ann.  Ch.  Pharm. 
cxxiii.  212.) 

K       }0 
CII.TC02.I.XC  JLCSB.    CH*0»  ^  (CPHm)"!  Ojcacetie acid.  (Socoloffand 

Strecker,  Ann.  Ch.  Pharm,  bccx,  18. — Dessaignes,  Compt  rend,  xxxriLL  44, — • 
Kckulc,  Ann.  Cli-  Pharm,  ev.  2B6,— Om.  xii.  fi08;  xiii.  435.— Gerk  i,  222; 
ii-  930.— Schulze,  Zeitachr.  Ch.  Fharm.  1862,  pp.  606,  fi82,— Drcchsei,  Ann.  Ch. 
Pharm-  cxrvii.  150.) 

Formatiofi  and  Preparation.— h  Benzoglycollic  acid,  CTB*(C'H*0)0*,  is  resolved  by 
boiling  with  water  to  which  a  little  sulphuric  acid  ii  added,  into  glycoUie  and  beuAoie 
acids:  the  greater  part  is  decomposed  in  the  course  of  a  few  hours,  hut  to  render  th© 
decomposition  quite  complete,  several  diiys'  boibng  is  required.  The  liquid  \h  evajMi- 
rsted  as  long  as  benKoic  acid  continnes  to  sepairate  on  cooling,  then  neutmlised  witfi 
carbonate  of  barium,  filtered  from  the  rerndticg  sulphate  of  barium,  and  evaporated  Uy 
a  syrup.  The  barium-salt,  wluch  crystallises  out  on  cooling,  is  disftolved  in  a  ^rnall 
quantity  of  water,  and  deoompoaed  by  dilute  sulphuric  aridj  the  filtered  solution 
evaporated  to  a  symp ;  this  residue  dissolved  in  ether ;  and  the  ethereal  solution  left 
to  evaporate.    (Socololf  and  Strecker.) 

2,  An  aqueous  solution  of  glycocine  is  decomposed  by  nitrons  acid  with  evolution  of 
nttrtjgen  gas  (p.  903);  and  the  hqiiid  mixed  with  ether  and  evaporated  leaves  glycoUic 
acid  If  the  liquid  is  evaporated  immediately  after  the  action  of  the  nitrous  acid,  the 
gly collie  add  thus  produced  it  converted  into  oxalic  acid.  (Socoloff  and  Strecker,) 
I>es8aignes,  by  the  same  procesff^  obtained  gly collie  acid  in  the  crystalline  form. 

3,  Tartronic  acid,  C'H*0*,  is  heated  to  l'80°  C,  till  no  more  gas  is  evolved ;  the 
residue,  consisting  of  nearly  pure  gly  collide,  is  washed  with  cold  water  and  dissolved  in 
potafih  J  the  resulting  glycollate  of  potassium  is  precipitated  by  nitrate  of  silver,  and  the 
glycol  lie  acid  is  separated  from  the  silver- pal  t  by  hydrochloric  acid,     (Dessaignes.) 

4,  By  the  action  of  alkalis  on  glyoial  or  glyoxylic  acid  (Be  bus)  : 


cm"0>    + 

Glyowl, 

GljooLlic  acid. 

ackd. 

Oxsltc                  Gluconic 
acid.                       acid. 

£.  By  boiliiig  bromacetat©  of  ailver  with  water  (Perk in  and  Bnppa,  L  666) : 
C^H»AgBrO*  +   HK)  «  AgBr  +   C=H'0». 

By  boiling  iodaoetJc  add  with  oxide  of  silver,  or  iodacetate  of  lead  with  water,  or  by 
decomposing  the  solution  of  that  salt  with  sulphydric  acid  (Perk in  and  Duppa, 
PhiL  MBg7[4]  xviii.  64),     In  like  manner,  by  boiling  cldoraeetic  acid  with  caustic 
fullfiiliB^  or  heating  er)'$tallised  chloracetate  of  potassram  or  sodium,  f.  y. : 
2C*H»KC1013H'0  =  2KCb  -f   2C«H*0"  +   11^0, 

Chlon&cetate  of  potassium,  heated  to  100'^ — 1211*^  C.  becomes  moist,  and  acquires  an 
acid  reaction;  and  if  the  heat  1hi>  coutinucd  tiD  the  mass  becomes  dry,  and  the  residue 
digested  with  ether-alcohol,  glyeollic  acid  dissolves  and  may  be  obtained  by  evapora- 
tion as  a  yellowish  symp.  It  may  be  obtained  coIoutIcm  by  prolonged  boiling  of  the 
concentrated  aolution  of  the  chloracetate  of  potassium,  or  hy  heating  the  cr}'fstaIlisod 
salt  in  a  closed  tube  for  several  hours  to  120*^ — 140''  C.  The  acid  thus  prepared  does 
not  crystallisG ;  but  by  decomposing  chloracetate  of  silver  with  sulphyoric  acid,  and 
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evrnponiting  tbe  filtrate  to  a  Hynp*  glycoUic  add  i«  obtii.m<^  is  radiate  groups  of  bap 
TCTj  deLiqufl»eeiit  crysfula,     (Kekul^  Ann.  Ch.  PliArm.  cv.  286.) 

6.  When  gljeol  (C''H*0*)  u  dissoked  in  four  timea  its  bulk  of  nitric  mdd  of  ipedil 
gniTity  1-33,  And  the  solution^  afler  standing  for  BOTeral  day^,  is  conoeiitnit«d  in  vmoi 
over  quiek-Umo,  lui  acid  syrupy  ri^sidue  is  lefl»  which,  when  dissoWed  in  water,  iMVin 
lised  with  chalk,  and  mixed  with  al(!ohol,  yi^ilds  a  pTeetpitat«  of  glycoUate  of  Galonsi 
and  on  precipitating  the  calcinm  by  the  exact  quantity  of  ojcaIic  acid  roqiilred,  am 
cvaporHtmg  the  fiUrat*  in  Taciao,  elycjolUc  acid  ia  obtained  in  rrystala  |^  Wart  J 
Compt.  rend.  %\iv.  1306;  Ann.  Ch.  Fbarm.  cii  366).  GlycoLLic  acid  ia  mlmo  fonaed 
together  with  olhtr  products,  when  trityleoi^lycol,  C'H*0^,  ia  oxidiaed  by  nitiic  acid; 
and  in  amall  qiiiiutity — ^lactic  acid  being  the  chief  prtxluct  -when  air  ia  aJuwlj  pamud 
OTcr  n  miJLture  of  plHtinuin-apoage  and  platinum^bkck  moifteaed  with  trityl«aw» 
glycol  (^Wurtz,  CompL  rend.  xIt.  306), 

*7.  Glycollic  arid  i*  produced,  together  with  plyoxal,  glyoxylic  acid  and  other  fi»- 
duct9,  Vi'y  the  action  of  nitric  acid  upon  alcohol  (Debu$,  see  pace  922).  A.  quidte 
mode  of  preparation  is  givtn  byLautemann  {Kolbe*t  Oiy.  CknM^  L  67SV     A 


grammes  of  strong  alcohol  are  gently  heated  in  a  eapadoaa  Tesael,  witk 
quantity  of  nitric  acid,  tiU  the  rc«sel  becomen  filled  with  red  fames  of  tutro<iu  acid; 
and  when  the  action  has  been  thxis  set  up,  about  600  grma.  alcohol  of  20  per  cent^  and 
440  grms.  nitric  acid  of  specific  gravity  1'34  are  poured  in.  Hie  reaetioa,  which  mitft 
be  moderated  by  immcrj^iug  the  vessel  in  water  at  2u^  C.  ia  complete  in  about  12  Jujiifi. 
The  gly«>Uie  acid  may  then  be  separated  from  the  other  products  in  this  form  of  a 
calcium -salt  by  l>ebns'>i  niMhod  <«ee  Glyoxtlio  Acid,  p.  022). — Bi^chael  diaaolTva  the 
mixture  of  gly collate  of  calcium,  glyoxal  and  glyoxylate  of  cakium  in  boiling  water, 
and  boil§  it  for  ^reral  hours  with  milk  of  lime,  whereby  both  tba  glyoxal  and  ths 
glyoxylic  acid  are  convertetl  into  glyeoUic  acid.  The  hot  filtiata  freed  from 
lime  by  carbonic  acid  yields  tolerably  pure  gJyooUate  of  calcium  ;  and  by 
this  salt  with  oxalic  acid,  neutralising  the  fiUrate  with  carbouat«  oC  _ 
evaporating,  the  neutrtU  glycol  late  of  lead  is  obtained  in  well  developed 
The  hot  aqueous  solution  of  this  salt,  decomposed  by  an  oquivaleDt  qaaniir' 


Bulphuric  acid,  yields  a   solnticin   of  glycollic  acid,  which  may  b«  ciyst^ 
evapot  ation  to  a  syrup  at  60®  or  70*^  C,,  itfleTwards  in  vacuo  over  oil  at 
punfted  by  recrystallisation  from  anbydroiui  ether. 

In  the  mothor^liquor  obtained  in  the  preparation  of  fulminating  meiwry  (pu  72 
Cloex  (Compt.  rend,  xxxiv.   864)  found  an  uncry§talli*able  acid  (which  he 
Homolactic  acid)  having  the  compoiition  of  glycollic  acid. 

8.  By  the  action  of  nascent  hydrogen  upon  oxalic  acid,  OH*0*+  H*  —  C^H'O*  +1 
(S  c  h  u  la e)«  An  aaueous  solution  of  oxalic  acid  is  boiled  with  sulphuric  acid«  and  i  ^ 
of  zinc  |K>wder  gradually  added  na  long  as  hydrogen  continues  to  escape  ;  the  filti 
neutralised  with  lime,  &c  as  above;  the  calcium-salt  is  converted  into  a  basic  leaiaj 
by  pitH?ipitah*ffn  with  neutral  acctnte  of  leaxi ;  and  from  thii  nit  the  free  acid  is  pr  , 
Accorditi^  to  Church,  glyoxylic  acid  i«  produced  in  this  reaction,  as  wall  as  gly 
acid,  and  afterwards  converted  into  glycollic  acid  by  boiling  with  Ums  (aee  No.  -i)*^  _ 
larger  quantity  of  glycollic  acid  may  he  at  once  produced  by  eondueting  the  proc«K  ao 
as  to  increase  the  ener^  of  the  reducing  action  as  much  as  possible,  with  this  vi«w» 
Cburch  adds  oxalic  add  in  snccessive  small  portions  to  a  laige  quantity  of  sine  and 
sulphuric  acid  heated  over  a  lamp;  keeps  up  a  brisk  evolution  of  bydrpgen  for  •ome 
hours;  boils  the  liquid  with  excess  of  zinc  till  all  the  acids  present  are  saturated;  th<<a 
iidd«  excess  of  lime,  saturates  the  whole  with  carbonic  acid,  boils,  and  filters.  The 
filtrate  on  concentration  deposits  abundance  of  glycollate  of  calcium  in  cooeentric 
of  fine  needlea.     The  mother-liquor  coutuins  a  pei^uJiar  acid,  isomeric  with  acetic 

9.  By  the  action  of  nitric  acid  upon  acrolem  (Clans,  Ann.  Ch.  Pharm,  f 
ii.  119). — 10.  By  the  action  of  boiling  water  on  the  brominated  oil  obtained  by  \ 
ing  Hnbydrous  glrcerin  with  bromine.    (Barth,  p.  890.) 

IVopcrfitt. — Glycollic  acid  appears  to  exist  in  two,  if  not  in  »  j 
isfimeric  modifications.     The  acid  which  Socoloffand  Strccker  obr , 
acid,  and  that  found  by  Ooez  in  the  mother-liquor  of  the  prep^ratit  .. 
silver,  were  sjTupy  and  uncrystadHRable,     All  the  other  processes  above 

cryBtalliMAblo  acids ;  but  those  obtained  by  Bessaignes  from  glycodne  and 

trtmie  acid,  and  that  which  Kekuld  pret>arcd  from  chloracetic  acid,  wer«  cxt 
deliquescent,  whepeas  DTOchseFs  acid,  prepared  by  the  action  of  nitric  acid  on  j 
deliquesced  only  in  very  dump  air.     This  acid  exhibits  the  following  pTOfNl  ' 
crystallises  fi-oro  imhydri:>u>*  ether  by  slow  erapf^mtiou  in  beautiM  regolar  i 
has  a  rtry  sour  taste;  dissolves*  easily  in  water,  alcohol  and  other;  is  brrmatti 
or  in  moderately  damp  air,  but  deliquesces  in  verj*  damp  air,  the  Oslit^ueil. 
crjstallising  s^ain  in  regular  crystAb*  on  Ix'ing  removed  to  a  dry  atmosphsnL  ' 
at  78**  or  79°  C*,  and  after  cooling  remains  liquid  for  some  time,  Hut  soUdiflis  1s^ 
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CPfftulline  form  on  boing  touclied  witb  a  pointed  body.  Wbeu  heated  io  a  retort,  the 
liieed  iwid  begins  to  boil  at  100°  C,  aqneooja  glyt-oUic  acid  jmssing  ovpf  m  the  t<an- 
peratitre  continually  ri»ea.  Alxjv©  160**  it  giivea  off  oitremely  pungent  Tapotini  find 
yields  an  oily  distillate,  which  on  exposore  to  the  air  gnduallj  ftolidiflM  to  a  deli- 
tjuei4cent  crystalline  miigma.  The  iicid  obtained  by  rednetion  of  oxalic  acid  behave*  in  a 
liimtltir  manuer,  but  does  not  begin  to  decotnpt>8c  till  heated  above  180^ C.     (Schnlxe*) 

Tlie  acid  prepared  from  alcoljol,  Tirhen  kept  for  some  time  in  tJie  fust^d  state  at  the 
t^mpcfaturo  uf  the  wat^p-bath,  gradually  losea  its  property  of  recryetAlliaing,  and  la 
nlLimat^ly  contcrtfd  into  an  uncrystullisaUe  syrup  containing  a  higher  percentage  of 
carbon  than  pure  glycoilic  Rcid,  and  consisting  probably  of  a  mixture  of  that  acid  with 
gly collide.  The  syrtipy  acid  thua  produced  can  only  be  partially  brought  back  to  the 
crystAlUsable  atate  by  boiling  with  water,  and  forms  with  baaes^  aalta  which  diStit  in 
BOtue  respecta  from  thoae  of  tbo  crystalline  acid,     (See  below.) 

&i.T0OLLATBa, — Glyoollic  acid  i»  diatomic  but  monobasic  (like  lactic  acid)  only 
one  of  its  typic  hydrogen-atoms  being  fo/int^  that  is,  replaceable  hj  metala.  The  other 
ia  ak^holicr  that  is  to  say,  more  easily  replaced  by  acid -radicles,  aa  in  benzoglycoUic 
Bcid  (»ee  Glycollic  wnnutB^  p,  915)*  This  differ^^Dce  lK?tween  the  hydrogen-atoms 
may  be  convenifntly  represented  in  the  rational  formula,  by  writing  the  alcoholic  H 
aboTe^  and  the  saline  H  below.  The  gcnend  formula  of  the  mctuLLlc  gly collates  will 
H        In  C'H^O 


^;  that  of  benxoglycollic  acid,  (CT-M'O)" 
0  H 


is- 


then  ba  (C*H*Oy 

M 

Glycollate  of  Ammonium  (with  excess  of  acid),  C11*(KH*)0*,C=H*0",— Thia 
salt  ia  obtained  by  repeatedly  eTaporating  a  foluljoii  of  glycollic  acid  in  ammonia; 
alao  by  evaporating  the  mother-liquor  which  remains  in  the  pn^ponifion  of  glycoUa- 
mide  (p.  908),  by  the  action  of  ammonia  on  acid  glycol  late  of  ethyl.  It  cnstaliiHej*  in 
COODtmtric  groups  of  Blender  needli^s,  which  are  easily  fiolubla  in  water  ana  in  boiling 
Alcohol,  haTio  &  strong  acid  reaction,  and  cannot  be  dried  at  100^ — ^110®  0.  without 
decomposition.     (Heintz.) 

G  Iff  collate  of  Bariujn^  CH^aO*,  separated  from  a  moderately  oonceninited 
solution,  forms  Isirge  transpareiit  crystals ;  if  the  solution  be  evaporated  to  a  Byrtip 
the  salt  feoaratea  in  crystaUina  cmsts  (Kekul^)«  It  melts  when  heuted,  fonning  a 
clear  liquia,  which  crystalHacs  on  cooling.  At  a  sLrouger  heat  it  is  decora fKJscd,  leaving 
carbonate  of  barium.    Dissolves  In  791  pts.  water  at  17°  C.    (Schnke.) 

Ol^collaU  of  Calcium,  C'H'CaOV  obtained  by  boding  the  dry  acid  with  lime- 
water,  removing  the  excess  of  limo  by  carbonic  acid,  and  concentrating,  separates  on 
cooling  in  stellate  groups  of  asbestos*like  neixlles.  It  dissolves  sparingly  in  cold  water, 
but  sufficiently  to  give  a  precipitate  w\\h  alcohol  The  crystals  contain  water,  }  at, 
according  to  Schnlze,  which  they  give  off  at  1 00^  C.  At  a  higher  temperature  the 
salt  bums  away,  leaving  carbonate  of  calcium  (Kokult^).  Debus^  by  neutralising 
glycoUic  acid  with  chalk,  precipitating  with  alcohol,  and  recrystallising  fram  water, 
obtained  crystxils  containing  J  at.  water,  2C^H'CaOl3H*0,  which  they  gave  off  at 
lOO^j  or  a  little  above.  A  double  salt  of  tftf/ccdlate  and  fflythryiata  of  cal^cium, 
C^*CaO'.2C'H'CaOMI=K>,  crystaUises  from  the  mother-liquoi^  obtained  in  the  pre- 
paration of  glyoxylic  acid  (p.  922). 

GlycoUates  of  Lead. — The  nevtral  tali  crystallises  from  a  solution  of  the  basic 
salt  in  free  glycollic  acid,  in  beautiful  shining  monocUnic  crystals  resembling  thoae  of 
g)'psuin-  It  diiisclves  in  aliout  31  pts.  wttttr  at  17*^C,»  but  is  decomposed  at  the  sama 
time  into  the  basic  salt^  which  is  precipitated,  and  free  glycollic  acid  (Sch  u  Ue). — Tha 
neutral  lead-salt  prepared  from  crystalUno  glycolHc  acid  (by  neutralising  it  with  car. 
boniito  of  lead)  crystallises  in  monocHnic  f^risms,  exhibiting  the  faces  qcP,  »?«>,  oP. 
Inclination  of  dinodiagonid  to  principal  axis  —  82**  36';  oeP  :  aP  ^  78^6';  ocPoo: 
ODp  -=  129=*  10';  oP  :  ooP  -  9-t''  40';  oP  :  o&Poo  -.  97^  94';  they  are  tometitD« 
short  prisms,  sometimes  tabulur  from  predominance  of  ocPoo .  Dissolves  in  33*1  pta. 
watpr  at  lo' C.  The  lead-salt  prej*ared  from  the  syrupy  acid  has  the  s*ime  com- 
po^ntion,  but  form 8  pointed  ery&tak  which  appear  as  if  they  bdonced  to  the  trimetric 
system,  but  the  faces  were  too  much  striated  and  curved  to  admit  of  exact  angular 
measurement.     Soluble  in  369  pts.  water  at  15*^  C.     (DrechaeL) 

A  batic  trad-^altt  Pb=0.2C^l"PbO»,  is  obtained  by  precipitating  a  solution  of  the 
ealdum'Salt  in  not  more  than  100  pts.  wat^i-r  with  neutral  acetate  of  lead,  the  nentral 
•alt  being  probably  formed  in  the  first  instance,  and  then  decomposed  by  the  wat^r  as 
is  above  mention^ ;  with  basic  acetate  of  lead  it  is  produewlt  more  quickly  and  in 
greater  quantity.  It  is  crystalline,  reqm*res  more  than  10,000  pts.  cold,  and  nearly  as 
much  hot  water  to  dissolve  it ;  but  is  easily  soluble  in  fcce  acetic  add,  and  in  acetate 
of  leadf  whether  neutral  or  basic*     (S  c  h  u  Iz  e.) 

GlyeoHaie  of  Magn^itum  sepamte*  from  aqueotia  solntioD  by  slow  ovi{»Of«tloil 
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in  nodiiliir  groups  of  hydr&ted  needles  aod  lamioaeu     It  does  not  aw^U  up  whe^ 
(Schulie.) 

Gl^Qollate  of  Silver^  C^H'A^',  8«nBnt«0  on  mizmg  a  hot  aqueovui  solvtioii 

B  c&lcium-«alt  witli  nitrate  of  silver,  and  Iciiving:  the  liquid 


the  caicium-salt  witli  nitrate  of  silver,  and  Iciiving:  the  liquid  to  cool — io  i  _ 
tbe  solution  in  nitlier  fitrong,  in  InminaE'  from  weaker  solutions.     It  dissolvea  1  _ 
in   cold  wttter,   i»  dt-eompoaed    by  Wiling  with  water,  and  i*    insoluble    tn'tb 
(Kt-'kul^).     Dwisaignes,  by  mixing  a  solution  of  glycollide  in  potasb  witb  iiitml#> 
silver,  obtuined  a  prwlpitate  which  soon  became  cn'stalline^  di««olvi*d  readilj  /~  ^^ 
wntor,  iind  §<?paratod  therefrom  in  large  cmtalfi  haTing  the  cosnpoaitioa  of  g\f 
ofsilYL^r  contdning  water:  C^H'Ag'O*  +  H*0. 

The  »ilver-8iilt  prepared  from  cryHlaUine  glycollic  add  cry*<talliflos  eiaailT,  i 

great  beatity  ;  that  from  the  u^nrupy'aeid  decomposeB  very  quickly.     (Dreeliaei) 

GJycoliate  of  Zinc,  CH^ZnOMT'O,  cryBtaUiaea  in  tul^  of 
"whieh  give  off  tlieir  water  at  1 00°  C.    \Vlieo  the  salt  in  «xceai  ia  ahi 
at  17^  C,  a  solution  is  formed,  containing   I  pt.  of  the  anhydrous  salt 
water ;  but  in  hot  water  sapersaturatc^d  solutions  sre  formed*  wbieh  after  cooling  I 
17°  may  contain  na  much  as  1  pt.  of  thewiK  in  26*1  ipts.  water,      (Schulze.) 

The  ajstalline  acid  yields  a  zine-»all  which  cr^taUises  in  well  developed  iieedSc^ 
the  syrupy  add,  a  salt  which  forma  micToscopic  four-  or  six-sid^  tabklfc  3(p(| 
require  34  pta.  water  at  15°  C.  to  dissolvo  them*    (Dree ha eL) 

Derivatif^et  of  GlycolUc  acid. 

Acetoi^lycoUlo  aoM.    C*H*0^    See  AarrooLTcoLLATB  or  btjux  (p.  917). 

aeBaoB:l7ColSlc  aeld.     C*E*Ol     (See  vol  i.  p,  548.)  ^M 

Bromo^lycoUle  acid.  C«H"BrO»  -  (C'HBrO)  j  q,^     (P c r It i  n     and     B^ 

Chem.  So<?,  Qu.  J.  xlL  6,) — Produced  by  boiling  dibromaootate  of  eilTar  with  wat«r: 

C^HAgBr^O'  +  H»0  «  AgBr  +  C*H»BrO»- 

It  forms  a  silver-salt  which,  when  heated  with  water,  yields  bromide  of  silrvr  ai 
glytoyUc  acid.  CH*0*  (p.  922) :  C^'AgBrO*  +  H'O  =  AgBr  -t^  C=H*OV 

IHfflyeeiUlo  lUJld.    C*H*0*  ^  f*^2*^^'|oi    Faramalie  twid.-^TlnB  aeid,  whid 

isifjomencwith  malic  acid,  and  Btands  to  glycollic  add  in  the  same  relation  't«  ^;-»Ki. 
If'nio  \*j  moDocthylenie  alcohol,  is  prodaced  by  the  dehydration  of  glyo' 
2C'H*0"-n'0  =  C*HW,  and  by  the  oxidation  of  dietliylenic  and  tr 
alcobolH.  It  was  discovered  by  Htnntx  (Pogg.  Ann.  cii.  470 ;  Jahresb.  18aS^,  ^ 
who  c^btained  it  in  prejiaring  glycollic  acid  by  heating  cliloracetatfl  of  sodiun 
caustic  soda,  and  gave  it  the  name  of  paramatic  acid,  Wurts  soon  afterwards  ob 
an  acid  of  the  same  composition,  which  he  called  digl^Mic  odd^  by  oxidiainc  d 
lenic  alcohol  with  nitric  add  or  witii  pktinum-black  (Compt.  rend,  \L  162lj« 
1860,  p.  444) ;  and  Heintz  subsequfltitly  showed  (Pogg.  Ann,  cxv,  280,  462  ;  Jahr«>9l 
18ftl,  p.  440)  til  at  the  acida  obtained  by  tliese  two  methods  are  identical.  It  i 
also  produced  by  bent  in^  glycollic  acid  to  200** — 240°  C,  but  the  gretit^^r  part  of  I 
then  Huff(-r8  ftirther  dccom position,  yielding  glyeollide,  CH*0**  and  a  small  qnanti^H 

diozymethylcne.     Its  formation  from  chloraeetic  acid  probably  takes  place  tbtia: 

1.    C*H«C10»  +   2NaH0     «     C«H«NaO»  +   NaCl   ■¥  H»0. 

ClitiifVEMic  GlycolUte  of 

add.  MHliuiD. 

a,     OmKHO^   +   CTPXaO"     -     C*H*0'  +   NaCI. 

Chlnrwetio  GljcallAte  DigljcoLtSc 

scld.  oFtodium.  4ic>di. 

Prrpnration, — I,  From  Ckhraeefic  acid.  The  acid,  mixed  with  a  largt?  qxuvB 
wat«r  is  [sli|;htly]  sufsersatttraled  with  slaked  h'mo  and  th©  solution  is  bailed 
again  cxhihita  an  acid  reaction ;  more  lime  is  then  added,  and  this  tneatme 
rpi>eated  till  the  alkaline  rem*tion  no  longer  disapjiearB,  even  after  prolouEcd  boL. 
The  exccfis  of  lime  is  then  precipitated  fram  the  boiling  liquid  by  carbonic  acid,  C-, 
the  »olutioti  is  filtered ;  it  then  on  cooling  deposits  a  considerable  qujuititjrjl 
diglycolbite  of  calcium  in  colourless  crystals  The  liquid  filtered  from  this  depaj., 
yields  by  evapomtionf  after  the  chloride  of  calcium  crjntained  in  it  has  been  extract**! 
by  absolute  aloohoK  a  residue  which  stiU  contains  diglycoUate  of  calcinm,  together  with 
a  small  qnanlity  of  glycollate,  firom  which  it  may  be  freed  by  recrystallisation*  th* 
diglycoUate  being  mucb  the  less  soluble  of  the  two.  The  diglyeoUat©  of  caldu 
boiled  with  a  mixture  of  amraonia  and  carbonate  of  ammonium,  yields  tb«  , 
ammonium-salt,  and  tho  solution  of  this  salt  saturated  with  ammonia  and  mixed 4 
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acetate  of  lead,  yields  a  precipitate  of  diglycollate  of  lead,  from  which  the  add  may  be 
obtained  by  decomposition  with  sidphuretted  hydrogen.     (Heintz.) 

2.  By  oxidation  of  Diethylenic  alcohol. — Diethylenic  alcohol  is  violently  attacked  by 
nitric  acid,  with  eopioos  evolation  of  red  fames.  The  acid  liquid  when  evaporated 
solidifies  to  a  crystalline  mass ;  and  by  dissolving  this  residue  in  water,  saturating 
with  milk  of  lime,  heating  to  the  boiling  pointy  filtering  to  separate  oxalate  of  calcium, 
filtering  again  and  leaving  the  filtrate  to  cool,  diglycollate  of  calcium  is  obtained  in 
long  shining  needles.  The  boiling  aqueous  solution  of  this  salt  mixed  with  nitrate  of 
silver  yields  a  precipitate  of  diglvcollate  of  silver ;  and  this,  decomposed  by  sulphuretted 
hydrogen,  yields  diglycollic  acii     (Wurtz.) 

A  liquid  containing  nitrate  of  silver  and  milk-sugar  used  in  photography  for  dipping 
papers  impregnated  with  succinic  acid,  citric  acid,  &c  has  been  found,  after  long 
usage,  to  deposit  a  silver-salt  isomeric  with  malate  and  diglycollate  of  silver 
(K am  merer,  J.  pr.  CheuL  Ixxxviii.  321 ;  lUp.  Chim.  pure,  1863,  p.  370).  The  acid 
obtained  from  this  salt,  called  by  its  discoverer  isomalic  acid,  is  perhaps  identical 
with  diglycollic  acid ;  but  the  identity  is  not  quite  established.    (See  Isomauc  Acid.) 

Properties. — Diglycollic  acid  crystallises  in  thick  rhombic  prisms  containing 
C^H*0*.H'K)  (Wurtz);  in  monoclimc  prisms  (Heintz).  It  has  a  very  sour  taste,  is 
inodorous,  and  has  no  action  on  polarised  light  (Heintz).  The  crystals  give  off 
their  water  slowly  in  the  air  at  ordmary  temperatures,  quickly  in  vacuo  or  at  100^  C. ; 
they  dissolve  easily  in  water  and  in  alcohol,  sparingly  in  ether.  The  dj^^  acid  melts 
at  1 48^  C,  and  solidifies  in  the  crystalline  form  on  cooling.  Between  250  and  270°  C. 
it  decomposes,  giving  off  a  gaseous  mixture  containing  but  little  carbonic  anhy- 
dride, burning  with  a  blue  flame,  and  leaving  a  residue  which,  when  distilled  over  the 
open  fire,  yields  a  thick  strongly  acid  liquid,  which  after  a  while  soUdifiefl  to  a  crys- 
talline mass. 

Dioi.YCOLLATBS. — Diglycollic  acid  is  dibasic,  forming  netiirdt  salts,  C*H*MK)*,  and 
acid  salts,  C^H^MO\  The  neutral  diglycollates  of  the  alkali-metals  are  easily  soluble 
in  water ;  the  rest  are  sparingly  soluble,  and  may  be  obtained  by  precipitation.  The 
solution  of  the  free  acid  is  not  precipitated  by  lime-water,  but  gives  precipitates  after 
a  while  with  baryta-  and  strontia-water.  Nitrate  of  silver  precipitates  it  only  on 
addition  of  ammonia ;  the  precipitate  is  soluble  in  excess  of  ammonia,  but  separates 
out  unaltered  on  boiling  the  solution.  The  solution  of  the  ammonium-salt  immedi- 
at<»ly  forms  white  precipitates  with  nitrate  of  silver  and  mercurous  nitrate ;  white 
crystalline  precipitates  after  a  while  with  acetate  of  lead  and  sulphate  of  rinc ;  blue 
crystalline  with  sulphate  of  copper;  and  reddish  crystalline  with  nitrate  of  cobalt. 

Diglycollate  of  Ammonium  (acid),  C*H*(NH*)0*,  obtained  by  boiling  the 
calcium-salt  with  ammonia  or  carbonate  of  ammonium,  then  filtering  and  evaporating, 
forms  long  monocb'nic  prismatic  crystals,  insoluble  in  common  alcohol,  very  sparingly 
soluble  in  boiling  absolute  alcohol  (Heintz).  The  neutral  ammonium-salt  has  not 
been  obtained  pure. 

Diglycollate  of  Barium,  C*H*Ba*0*.H*0.— Obtained  by  precipitating  the  solu- 
tion of  a  neutral  alkaline  diglycollate  with  chloride  of  barium,  as  a  white  crystalline 
precipitate,  sparingly  soluble  in  cold  water,  insoluble  in  alcohoL  It  must  be  recrys- 
talliscd  to  free  it  from  chloride  of  ammonium  and  excess  of  chloride  of  barium,  which 
adhere  to  it  somewhat  obstinately,  and  cannot  be  removed  by  washing.     (Hei ntz.) 

Diglycollate  of  Calcium,  C*H*Ca*0*.6H'0,  prepared  as  alx>ve  described,  crys- 
tallises m  long  shining  needles,  nearly  insoluble  in  cold,  sparingly  soluble  in  boiling 
water.     It  gives  off  its  water  at  160°  C.  (Wurtz),  at  180°  C.     (Heintz.) 

Diglycollate  of  Copper,  C*H*CuH)*. — Blue,  sandy,  slightly  crystalline  pre- 
cipitate, which  dissolves  slowly  in  water,  taking  up  at  the  same  time  a  certain  quantity, 
which  may  be  expelled  to  the  amount  of  3  per  cent,  at  180°  C.  The  undried  salt  pro- 
bably contains  2C^H*Cu«0*.n«0.     (Heintz.) 

Diglycollate  of  Lead,  C*H*Pb*0*,  obtained  by  precipitation,  as  above  described, 
forms  white  microscopic  crystals,  which  dissolve  sparingly  in  water,  easily  in  nitric 
and  in  hydrocMoric  acid,  and  begin  to  decompose  with  slight  coloration  at  200°  C. 
(Heintz.) 

Diglycollate  of  Magnesium,  C*H*Mg*0*.3H*0,  obtained  by  saturating  the 
aqueonsacid  with  magnesia,  forms  small  prismatic  crystals,  which  do  not  give  off  their 
water  till  heated  above  200°  C. ;  the  anhydrous  salt  is  not  decomposed  at  240°. 
(Heintz.) 

Diglycollates  of  Potassium. — The  acid  salt,  C*H*KO*,  is  sparingly  soluble  in 
water,  and  separates  in  crystals  when  one-half  of  a  strong  solution  of  the  acid  is  neu- 
tralised with  potash,  and  then  mixed  with  the  other  half  (Wurtz).  The  crystals  are 
trimetric  combinations,  oof  oo  .  oeP  .  I*oo .      Inclination  of  oeP  :  ooP   -«   112°  64'; 
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I***  :  faD  oTer  th«f  principal  axis  *=  118*^  3<i' (Heint«).  The  solation  left  to  itud 
in  an  o[^n  Tessel  bccomeA  corcn^d  with  mould.  Tho  salt  bljick«]i«  wbea  ]iiMt«i  gmm 
afir  tho  odour  of  burnt  sugar  (Wurti).  The  neuiral  tuU,  C*H'K*0\  obf^iiicd  li^ 
neatrmlising  the  free  acid  or  the  preceding  84dt  with  pot«sb,  rTjmfalHftfiii  in  long  ddi> 
qucsceot  needles,     (Heinle.) 

Bigiycoil&te  of  Silver,  C^H^Ag'O",  iji  obtained  as  a  i^-hito  gnntdar  imdpifiite 
on   (tiding  nitrate  of  ailyer   to  a  boiUug  Butumted  solution  of   the    caldun-ttk 

Digttfcollatts  of  Sodiu w.— The  acid  ifdt,  C*II*KaO*t  forms  small  tabtiltf  m»- 
tjdM,  hpjiritigly  soluble  ia  water,  but  more  soluble  than  the  add  potoseium^salt.  xW 
nru/rtii  salt  is  not  deliquescent ;  it  is  iuBoluble  in  aJcohol  even  at  tint  builing  lieit» 
(H.-inU.) 

Viiffr/roUaU  of  Sodium  and  PoiaMium,  C*H*KNaO».2H*0,  obtjuned  bj  exi«ltr 
saturiiling  the  acid  potassium- salt  with  soda,  forms  small  tabular  prismatie  CTTstaJiv 
which  havp  a  uncreous  lustre,  arc  insoluble  in  alcohol,  BDd  melt  id  their  water  of  crjr*- 
tollisatiDn  at  100^  C.  Aa  atnr/ionio-^iodtc  salt  has  been  obtained,  but  not  in  the  purr 
state.     (HeiutE.) 

Digli/coUat«  o/  5< roil <•  Wirt,  C*H*SrOMI-0,  resembles  tho   barium-sail^  and 
is  prepared  in  a  similar  maniicr»  but  is  more  eaaily  obtained  in  a  state  of  puiitj.     h 
(Heintz.)  ■ 

Bt^lycol-etHjloalo  actd.    C*n'*0*  -  2tC*H'0)'' [  0*.    (Wttrt«,  Gompt  muL 

U.  162  ;  Jahresb.  1869,  p.  446.)— This  acid  is  produced,  together  with  di^yooUic  actd, 
by  the  oxidtttioD  of  trR'tUyk-nic  ali.Hjhol  (p.  577 V  This  compound  is  oxidised  bt 
jiitnc  acid  in  the  same  wuy  as  diethylenic  alcohol ;  and  on  ncatralising  the  tcsultiae 
acid  liquid  with  milk  of  lime,  and  proceeding  nearly  aw  described  at  p.  Olt,  !»« 
calcium -Stilts  are  obtained,  rijt,  the  digIycolUte»  which  is  sparingly  soluble,  and  the 
diglycolethylenate,  C*H*Ca'K)*,  which  is  much  more  soluble,  and  cr^stalliaes  in  silky 
tu^o,  haring  the  aspect  of  asbestos.  The  aqueous  solution  of  this  salt  girea  vifii 
nitrate  of  sUTcrawmte  precipitate,  from  which,  by  decomposition  with  smnbitretted 
hydrogen  and  evaporation,  diglycolcthylenic  acid  may  be  obtained  in  the  Jarm  of  » 
no u 'Crystallising  synip. 

GXiTQOlAf  C  BTHSSS.     Of  acetic  Ethers. — ^By  treating  chloraeetie  acid  witft 
sod iwm -alcohols  (mcthvlate,  cthylate,  &c.  of  sodium),  Heints  (Pogg.  Ann.  dx.  )0l 
and  4  89  ;  cii.  ^562  ;  cxlv.  44U  ;  Jiilire^b.  d.  Chcm.   1850,  p.  358  ;  I86D,  p.  SUi  l«<l, 
p.  445)  has  obtained  a  uumbeT  of  compounds  haying  the  composition  of  ludd  g\jt 
etliers,  tlmt  is  to  say,  ethers  denTabTe  from  ^ly collie  acid  by  the  subetitntion 
nionatomic  alcohol -rtidicle  for  one  of  the  typic  atoms  of  hydrogen,  their  fbnnr 
being  precisely  analogous  to  that  of  glycollic  acid  itself  by  treating  chlcmeetie 
with  hydrate  of  sodium  or  potassium,  t'.fj, : 

C^*C10«  +   2HNaO  *  NaCl  ^  H-0    +   C«H*NaO» 

ChSor«ca(lc         Hjrilr^lDor  Glycol  late  of 

acid.  iodiuui.  •odium. 


CII'CIO*   +   2C»H*NaO  «  KaCl  +  C«HK>   +   C«H^»<C*H*)0« 

Chl'^rAfPtic  EthjrUff  of  Akuhol*         Eth^l-slTciillate  of 

AC  Id.  ftodlutn.  •  odium* 


The  compounds  thus  formed  possess  (he  esoential  chsiacfcer  of  the  acid  ethen  of 
dibasic  acids,  that  is  to  say,  they  are  capable  of  exchanging  one  of  their  atoms  of 
hrdrogen,  and  no  mOTOi  for  an  atom  of  a  metal  or  another  alcohol-radicle ;  i^th^l- 

glycollic  acid,  for  example^  forms  a  potassium -salt,  CH*K(C'H*)0*  an  1  - '  ^^alt, 

C'H^C^H">(€=H*)0*      But  they  do  not  appear  to  be  acid  ethem  of  ^  i  in 

exactly  the  nam  p«ense  that  cthyl-fiulphtmc  acid   is  an  acid  ctljer  of"    ^  •'id: 

for  when  heiited  with  excess  of  allcali,  they  are  not  resolyed  into  glycoliic  ac*d  an»l 
an  alcohol.  Methyl-fflycollic  acid,  for  examples  heated  witlj  hydrate  of  aodimn, 
dtw9  not  yield  methvlic  alcohol  and  glycollate  of  eodiom;  neither  does  it  yiald  bfloso- 
glyix41ic  ticid  wheji  healetl  with  benzoic  acid* 

The  molecule  of  a  manatomic  alcohol-radicle  which  enters  into  the  compOiitloiD  of 
thi^  acid  ethers  appears  then  to  be  more  intimately  combined  than  in  tho  ocdAaafT 
acid  ethers  of  dibaaic  adds ;  and  fujr  this  reason  Heintz  suppoaea  that  this  akuhol* 

radido  takas  the  place,  not  of  an  atom  of  typic  hydrogen  b  the  formula  ^^^'^^''[O'l 

but  of  an  atom  of  hydr^igen  within  the  radicle  of  the  acid;  raoreovcp^  sine*  tha  «l2ia» 
thus  formed  are  monobasic  acids,  he  dexites  them  from  a  monabstsic  oxa^Hie  9itai 

rrproscnt^d  by  the  formula    ^*^'^*jg'^'|o,  and  d^dgnataa  them  a«  mMgt^ammtliu 
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tthul-oxacetic  acid,  &c.  HetliTl-oxacetic  add,  for  example,  u  represented  by  tbe 
monatomic  formula  [C^'(Cff)0.]' j  ^ 

Wnrtz,  on  the  other  hand  (Ann.  Ch.  Fhys.  [3]  lix.  161),  regards  these  compounds 
as  tme  acid  ethers  of  glycolUc  acid,  analogous  to  acid  sulphate  of  ethjl,  &c.,  and 
attrihutes  the  non-formation  of  gljcollic  acid  and  an  alcohol,  when  thej  are  heated 
with  potash,  to  the  fact  that  the  neutral  potassium-salt  of  glycollic  acid  (C'H^^O*), 
corresponding  to  the  neutral  glycollic  ethers,  does  not  exist,  so  that  the  decomposition 
represented  in  the  case  of  ethyl-glycoUio  acid  by  the  equation, 

(<^?^"J0'  -H  2KH0  -  (C'ffOr  jo.  *  ^'JO  +  HK) 

cannot  take  place.  Heintz,  howerer,  has  shown  that  when  chloracetate  of  ethyl  is 
heated  with  rather  more  than  an  equivalent  quantity  of  glycollate  of  sodium,  a  true 

acid  glycollate  of  ethyl,  ^cvtm  -J  [  0',  is  obtained,  which,  when  heated  with  excess  of 

a  metallic  base,  yields  ethylic  alcohol  and  a  metallic  glycollate.  Moreover,  the  ethyl- 
salt  of  amyl-oxacetic  add,  and  the  am^l-salt  of  ethyl-oxacetic  acid,  though  identical  in 
percentage  composition,  differ  both  m  physical  properties  and  chemical  reactions, 
which  could  not  be  the  case  if  the  ethyl  and  amy!  contained  in  them  discharged  pre- 
cisely similar  functions,  like  the  two  atoms  of  metal  in  an  ordinary  double  salt. 

The  reactions  of  these  bodies  may,  however,  be  accounted  for,  without  supposing 
them  to  be  derived  fix>m  an  acid  different  from  glycollic  add,  or  to  be  formed  on  any 
peculiar  type.  Glycollic  acid  is  intermediate  in  composition,  and  therefore  in  pro- 
perties, between  glycol  and  oxalic  add : 

cg:jo.  cfojo  c.o;j,. 

Glycol.  ^,  ■°-,„  '  .  -  Oxalic  •eld. 

'  Gljcollic  acid. 

Each  of  these  compounds  contains  two  atoms  of  typic,  that  is,  replaceable  hydrogen ; 
but  in  glycol  both  these  atoms  are  alcohoiiCt  i.e.  easily  replaceable  by  add-radides, 
much  less  easily,  and  only  under  the  influence  of  poweiful  reagents,  by  metals  or 
alcohol-radides  (p.  676)  ;  and  these  latter,  when  once  forced  into  it,  are  not  easily  dis- 
placed, e.a.  by  boiling  with  potash.  In  oxalic  acid,  on  the  contrary,  both  atoms  of 
tfpic  hydrogen  are  saline^  that  is  to  say,  easily  replaced  by  metals  by  ordinary  double 
decomposition ;  while  in  the  intermediate  compound,  glycollic  acid,  one  atom  of  typic 
hydrogen  is  alcoholic,  and  the  other  is  saline.  Hence  it  is  that  glycollic  acid  (like  its 
homologue,  lactic  acid)  exhibits  with  metals  the  characters  of  a  monobasic  acid 
(p.  910),  while,  on  the  other  hand,  it  easily  forms  derived  acids  in  which  one  atom  of 
the  typic  hydrogen  (placed,  for  distinction,  at  the  top  of  the  formula)  is  replaced  by  an 

C'H*0    1q 
add  radide,  e.ff.  henroglyeoUio  acid,  (C^HK))"/     (i.  648),  the  remaining  atom  of  typic 

H  ;0 

hydrogen  (placed  at  the  bottom)  being  still  replaceable  by  metals,  so  that  the  derived 
add  is  also  monobasic.    ^Kekule,  Lehrbuch,  i.  130.) 

Now,  when  glvcollic  acid  is  formed  from  chloracetic  acid,  we  may  suppose  that  the 
original  saline  hydrogen-atom  of  the  acetic  add  retains  the  same  functions  in  the 
glycollic  acid,  and  that  the  hydrogen-atom  which  enters  (as  HO)  into  the  place  of  the 
chlorine-atom,  becomes  the  second  (alcoholic)  hydrogen-atom,  replaceable  by  benzoyl 
and  other  add-radides,  but  not  easily  by  metals  or  alcohol-radicles.  The  function 
of  this  hydrogen-atom  is  in  fact  almost  exactly  like  that  of  the  hydrogen  in  common 
alcohoL  When  dther  the  one  or  the  other  is  replaced  by  ethyl,  the  product  does  not 
yidd  alcohol  by  boiling  with  potash.  Hence  the  following  equations  are  not  only 
comparable  in  form,  but  they  likewise  indicate  similar  changes  of  properties  in  the 
•abstanoes  concerned : 


Oxide  of 


Chloride  of  Ethylate  of 

etbyL  potaitium. 


ethyl. 

C«H»0«a     +        C»H»KO        -         (CH'O)"!      +  KCL 

Chloiacetlc  Elhylateof  H         /O 

«cld.  polMslum.  Ethyl.glycolllc 

acid. 
We  conclude,  then,  that  ethyl-glycoUic  add   and    its  homolognes  (also  the  corre- 
sponding lactic  ethers)  differ  from  common  ethers,  and  firom  isomeric  compounds  formed 
by  similar  renboeme&t  of  the  saline  hydrogen  (e^,  glyooUate  of  ethyl  [p.  917]  by 
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the  action  of  chloraccLate  of  ethyl  on  gljcollate  of  sodium),  not  becftiMe  th^  m 
formed  on  a  different  type,  but  because*  &o  ftlccihol-radiclfM  itr**  iiitrcKluc*d  into  their 
njoleeuUi!  in  «  diffen'nt  manner.  (On  the  teoM  in  which  Hetntz's  furnitil«  ajt  md- 
mittibLft,  tee  FoauvLM,  p,  704.)  „^g 

lKetliyl-«l7«»omcael<L  Mdhyl-oMoiik  iusid,  (7HH)*  -  (CIPO)"!    *— Jjoocfje 

H        f^ 

with  lactic  acUL  Prepared  by  diesolriiig  2  at  sodiuin  in  methylic  isJcohul^  aad  mil' 
iug  th«  Btjlution  with  1  aL  chloracetic  acid-  The  mixture  bocom^s  hetntcnl  and  dtfpcdu 
chloride  of  sodium,  and  on  dec^inting  the  solution  of  methyl-gljcolJjite  of  sodiiisi, 
mixing  it  with  solution  of  sulphate  of  zinc,  eyaponiting  to  dryneflo,  and  treataag 
the  rt'widuo  with  alcohol,  a  solution  of  niothyl-glycollate  of  linc  is  obtained  On 
deconuMising  this  salt  with  s^phorctted  hydrogen  and  distilling  the  filtrate,  pun 
U] ethyl- glycoUic  acid  pOMcB  orer  at  a  colourle^A  Tiacid  liquid^  which  ia  nearly  inodaraot 
Hi.  orcliniir}'  temperatureti,  mixes  with  water  in  all  proportigiifl,  and  absorbs  moisturo  from 
the  air»     Specific  gravity  1*180* 

Met  hyl-gly  CO  Hates. — ^The  <zmm<7nfvm-«a/^  of  this  acid  is  a  very  dcJiqtiieKent 
eryBtalliuero«iB*--The  bariuni-»ali,  CH^BiiO*,  forms  colourless  transparent  prumatw 
erystaljB,  easily  soluble  in  water,  nearly  insoluble  in  alcohol. — ^Tbe  caicmmmH^ 
C'lI*CrtO".H*0,  19  gummy,  but  gives  oft  water  and  becomes  crystalline  when  Id! 
over  i)il  of  vitriuL  —  The  coppt-r-salt,  C*H'CuOMl*0,  obtained  by  boiling  tins 
fflqiii?ows  acid  witli  carbonate  of  copper,  forms  greenish  crystals  soluble  in  water  and  ia 
akxihoL  The  crystals  are  monoclinic  prisms  exhibiting  the  combination  ocp.  oP. 
[poo  ].  Inclintitiun  of  ooP  :  ooP  in  the  clinodi agonal  principal  section  «  109'' — 111*^; 
oP :  ooP  =  84**— BO*',— The  Uad-mlt,  C'H*PbO»,  prepared  in  like  manntsr,  ia  soluUs 
in  wat^r,  and  even  in  absolute  alcohol,  and  dries  up  to  a  white  cryBtalline  mass  n^ 
seitibling  wavellite.^The  potassium sijJt^  C'H'KO'.iH'O,  ia  soluble  in  water  and 
in  dcohot,  has  a  great  tendency  to  form  supersaturated  sdaUons.  and  crytitalltses  finoa 
water  in  Uree  trattsparent  prisms  permanent  in  the  air.  Ether  precipitates  from  thi 
alcoholic  aoiiitioo  a  salt  contjtining  a  smaller  proportion  of  water,  proljably  3  at 
(29-7  per  cent.) — The  *i/»er-#o//,  C'H*AgO*,  L*  a  crystalline  precipitate,  which  eepaiali« 
m»m  solution  in  hot  water  in  delicate  flat  needles^  and  does  not  melt  at  lOO**  C, — Hie 
ihj(/fMOT-jia/i,  C'H*KaQ*,  is  anhydrous,  deliquescent,  and  is  precipitates!  by  ether  from itii 
alojholie  solution  as  a  syrup,  which  dries  up  to  a  crystalline  mafts  iLndt^r  the  air-poinp. 
—The  ^fne~«alt,  CH*ZnO*.HK>,  forms  acut<*  rhombic  octahedix)ns  traneated  by  th« 
face  oP,  parallel  to  whit-h  the  crystals  iire  ptjrfectly  cleavable.  P :  P  in  the  tCRnilul 
etlgps  =  123*'  19'  and  67*=*  23';  in  the  luteral  pdges  -  14(5*'  43'.  100  ptJL  of  watiral 
18  4°  C  dissolve  27'4  pts,  of  tbo  hydraled  salt.    It  is  also  soluble  in  aJcohoL 


I 


(Heintt, 


Bth^l^^lycolUo  acia.    Ethyl-oxaceUe  add.    €*W0*  -  (C*H»Or 

H 

Po^.  Ann.  CL3C.  489  ;  cii.  552. — Jahresb,  1859,  p.  S60 ;  1860,  p.  314.) — Prepared  by  Ihe 
action  of  cth^'lnfeof  sodium  on  chl4JTacetic  acid  in  preftt»neo  of  excels  of  aboolote  al* 
cohoL  The  resulting  mixture  is  filtered  from  the  chloride  of  Bodium,  which  sepanles 
out^  and  the  alcohol  is  distilled  off.  The  residue  dissolred  in  water  is  mixed  Wttk  a 
quantity  of  sulphate  of  copper  rather  more  than  equivalent  to  the  quantity  of  sodinm 
ui^iHi ;  the  mixture  is  erapomted  to  dryness  over  the  wjiter-bath,  and  the  rv«idlle  ii 
exhauKtt  d  wHth  alcohol  ♦  The  resulting  snlution,  which  contains  nothing  but  nmrie 
elhyl-glycollnle,  together  with  cuprie  chloride,  is  evaporated^  and  the  ftsulsc 
repeatedly  cryKtallised  from  water.  To  prt^pare  the  ncid,  the  eopper-aalt  isdecomp 
in  ]jot  fljquooufl  solution  by  su^phydric  acid,  and  the  cle4ir  liquid  is  distilled,  the  ] 
which  gtH'tt  over  at  about  200^^  C.  being  collected  uparl 

At  a  higher  temperature  the  acid  is  decomposed,  yielding  a  colonrless  diMiIlate, 
which  after  a  while  deposits  white  pulverulent  dioxym ethylene,  CH'O' (see  Mbtbt- 
i-KNa);  bnt  if  the  distillation  be  so  conducted  that  the  undecomposed  add  can  flow  badt 
again,  it  is  for  the  most  part  resolTed  into glycollic  acid,  which  remains  in  the  retort,  and 
ethyl-glycolbte  of  ethyl,  C«H»(CH*X  C*H*)0\  which  distils  over  together  with  aqueoM 
ethyl-glycollic  acid,  the  two  liqmds  forming  separate  layers  in  the  receiTcr : 

2C*H«0«     -     C*H*0^     +     C*H"0». 

Ethjrl.|tljrcol]le         Gl^collic  Etbft^elycollata 

acid.  sdil.  ofetbjL. 

Ethyl-glycoUic  acid  distilled  with  iodide  of  phosphonis  giTcs  off  iodide  of  ctiwl  and 
acctjc  ncid,  md  leaves  a  residue  containing  glvcollic  acid. 

tthifi-gjycuUa  te».~Th^  harium-satt,  C*'H^BaO\  is  very  soluble  in  wmter  and  ia 
ak'ohol,  and  crystaUisea  after  some  time  from  thoB>'Tupy  solution* 

tJIrZir. -I'^.m"!'*^  ^pifdu**  enntaini,  b«id*^t  tutphiitf  of  eor»p#r,  s  imfttl  <rti«i>t*ev  of  «  vpfftt^tti^ 
tpariHijfy  *<»luble  in  water,  and  h*t|»B  the  coinp<taiUon  of  flycullAlc  of  copper,  C*H'»CuO*.  ^^ 
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The  copper-salt,  CH'CuO'.H'O,  dTstaUisefl  in  oblique  rhombic  prisma  of  a  fine 
blue  colour,  which  melt  and  give  off  their  crvstallisalion-water  when  neated.  100  pt«. 
water  at  14*'  C.  dissolve  12*34  pta.  of  the  anhydrous,  and  14*22  pts.  of  the  crystallised 
salt ;  100  pts.  of  alcohol  of  specific  gravity  0*826  dissolve  1*74  pts.  of  the  hydrated 
salt  at  \Z'6^  C. — The  siltter  and  fiurcuroua  salts  are  white  precipitates  formed  in 
concentrated  solutions  and  partially  reduced  at  the  boiling  heat. — The  einc-talt  is  not 
crystalliBable. 


EthyUglycoUate  of  Ethyl,  C«H»0»  =  (C»HK))''(X,  is  obtained  as  abeady  described 

by  the  decomposition  of  ethyl-glycollic  acid.    Its  properties  have  not  been  examined. 

EthyUglycoUaU  of  Amyl,  (?H"0»  -  (CHH))" »^,  obtained  by  digesting  a  mixture 

of  ethyl-glycoUate  of  sodium  and  iodide  of  amyl  diluted  with  absolute  alcohol,  in  a 
sealed  tube,  decanting  the  resulting  li<}uid  from  the  iodide  of  sodium  which  separates, 
treating  it  with  mercurv  to  remove  excess  of  iodine,  and  rectifying, — is  a  transparent, 
colourless,  rather  viscid  liquid,  sinking  slowly  in  water,  of  agreeable  fruity  odour,  boil- 
ing between  180^  and  190^  C,  soluble  in  all  proportions  in  alcohol  and  ether.  It  is 
decomposed  by  alcoholic  potash,  emitting  the  penetrating  odour  of  amylic  alcohoL 
(0.  Siemens.) 

OljoollateofBtbyl.    C<H"0»  «  (C«H»Or(^.  (Heintz,  Jahresb.  1861,  p.  446.) 

— This  compound,  isomeric,  but  not  identical  with  ethyl-glycollic  acid,  is  produced  by 
heating  chloracetate  of  ethyl  with  rather  more  than  an  equivalent  quantity  of  glycoUata 
of  sodium  to  130°— ISO^C.: 


>  Na       }0  W»       }0  Na     { 


It  dissolves  in  water,  forming  a  solution  which  does  not  exhibit  an  acid  reaction.  By 
boiling  with  alkalis,  it  is  decomposed,  yielding'  ethylic  alcohol  and  an  alkaline 
glycollate,  a  reaction  by  which  it  is  distinguished  from  the  preceding  compound. 
With  aqueous  ammonia  it  forms  glycoUamide  (p.  908). 

C-H-O    \q 
Acetoglycollate  of  Ethyl,  C«H'*0<  -  (C^'O)"!    .—Produced  by  heating  chlor- 

acetate  of  ethyl  with  acetate  of  sodium.  It  is  an  oily,  mobile  liquid,  of  specific  gravity 
1-0093  at  17°  C,  boiling  at  179°.  With  alcoholic  ammonia,  it  yields  glycoUamide  and 
acetamide,  together  with  glycollate  and  acetate  of  ammonium.  With  a  small  quantity 
of  ammonia,  the  products  are  glycoUamide  and  acetate  of  ethyl.  Aqueous  bases  do- 
compose  it,  for  the  most  part,  forming  acetates  and  glycoUates ;  but  by  mixing  it  with 
water,  and  somewhat  less  than  an  equivalent  quantity  of  slaked  lime,  it  may  be  con- 
verted into  acetoglycoUaU  of  calcium,  C«fl*CaO*.   (H  ei  n  ts,  Ann.  Ch.  Pharm.  cxxiii  326.) 

"Asnyl-Clyoonto  add.  AmyUoxacetio  acid,  C^>*0«  -  (C^HK))"?    .    (Heintt, 

Pogg.  Ann.  cix.  301 ;  Jahresb.  1859,  p.  358. — O.  Siemens,  Inaugural  Dissertation, 
Oottingen,  1861 ;  Jahresb.  1861,  p.  449.)— Produced  by  the  action  of  amylate  of 
sodium  on  chloracetic  acid.  To  obtain  it  in  the  pure  state,  98*6  grms.  of  sodium  are 
dissolved  in  amyUc  alcohol,  and  to  the  resulting  amylate  of  sodium,  kept  in  the  liquid 
state  by  heat,  is  added  a  solution  of  190  grms.  chloracetic  acid  in  amylic  alcohol :  the 
Uquid,  filtered  from  chloride  of  sodium,  is  freed  from  excess  of  amylic  alcohol  partly 
by  distillation,  partly  by  agitation  with  water.  The  aqueous  solution  of  amyl-glycoUate 
of  sodium  thus  obtained  is  decomposed  by  «xcess  of  hydrochloric  acid ;  Uie  amyl- 
glycolUc  acid  which  rises  to  the  surface  is  removed,  and  the  portions  of  acid  still 
remaining  in  the  watery  Uquid  are  dissolved  out  by  agitation  witn  ether.  The  whole 
of  the  amyl-glycoUic  acid  tnus  obtained  is  then  subjoined  to  f^Sctional  distiUation  till 
a  distiUate  is  obtained  boiUng  at  about  135°  C.     (Siemens.) 

Amyl-glycoUic  add  is  a  not  very  mobile  liquid,  of  specific  gravity  1*003,  boiling  at 
236®  C,  sparingly  soluble  in  water,  but  soluble  in  aU  proportions  in  alcohol  and  ether. 
It  bums  with  a  bright  smoky  flame,  giving  off  a  pungent  odour. 

Amyl'glyeollates.-^The  barium-salt  is  not  crystaUisable  (Heintz). — The 
eoppcr-salt,  C^H'*CuO',  obtained  by  recrystallising  the  precipitate  formed  on  mixing 
the  solutions  of  equivalent  quantities  of  amyl-glycollate  of  sodium  and  sulphate 
of  copper,  fonoa  smaU  blue-green  crystals,  appearing  under  the  microscope  m  rig^it 
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prismi  with  trtmcated  eiicUf;ice&     It  is  modemtety  soluble  in  aloobol,  rery  i 
in  water  ajid  in  ether.     It  melta  at  110°  €.  to  a  green  liquid,  and  grttdaallj  deeoB^ 
poaes  (816 mens).— The  nicrcurous  »alt^^  G^H**^gO*,  is  obiftined  hf  procipttitioB 
«fl  a  whi(€  powdoft  which  roelta  witli  deoompoeitlan  at  170^  C,  ia  Tvrj  wp$n^fj 
soluble  in  water^  moro  soltiblo  in  alcobol^  inaalable  in    etbcr. — The  jiOias§ium  mlt^ 
C^H^'KO'.  H*0,  ii  oUainGd  bj  nentralising  the  acid  with  alcoholic  potash^  Ttmma^ 
Uie  excess  of  poUah  bj  carbonic  add,  filtering,  eraporating,  and  cfystnUiaing  fiiHDa 
small  quantity  of  alcohol.     It   erystaUiiied  with  difSxiixlty  in   long  oblique  rbonibie 
priflma  with  terminal  ^ea  Tory  much  inclined  to  the  principal  axia.     At  10^  to  IS^CL 
It  cn^ntalliBos  in  thLn,  nearly  rectangular  plates,  resembling  tho  aodium-aalt*     It  a 
very  Wuble  in  water  and  in  alcohol,  and  ia  procipitaied  from  the  alcoholic  soJntioo  hy 
Hhor  in  the  Grvatulline  firm.     It  giTea  off  its  water  wiibont  melting  at  120°  C,  an<i 
meUfi,  without  decomposition,  between  200"^  and  210°  C.     It  deliquesces  slowly  •when 
exposed  to  the  air.— The  silver-salt,  CTI**AgO*»  is  obtained,  by  double  deeompgsitioo, 
SB  a  white  curdy  precipitate,  eoon  becoming  light  red,  and,  after  b«tng  waaned  and 
disaolvod  in  a  large  quantity  of  boiling  water,  separatea^  on  cooling,  in  aleodar  naa- 
red  needles.     It  diasolYes  with  moderate  Ikcilitv  in  alcohol,  aparingly  in  water,  not  at 
all  in  ether.     When  perfectly  pure  it  ia  white,  but  decompoaea  quickly  in  contact  with 
the  air;  at  110<*C.  it  melts  and  deeompoeca.— The  todium^sait,  C*H'*NaO»  4- 2ffO, 
oystalliaea  firam  alcohol  in  thin,  colourlcea,  rectangular  plates,  which  diasolre  teadily  ia 
water  and  in  alcohol,  are  iniK^uble  in  ether,  give  off  tjieir  water  of  cgyi>alliaaHoa 
without  df^liquescing,  and  melt  without  decomposition,  between   190*   and  20(P  C, 
Wlieu    exposed  to  the    air  they   effloresce,    ^er  a  while^  without    deliquesd]^ 
(Siem«naO 

OHt'      Jo 
Amyl^tyeoliaU  of  ethyl,   C»H^«0*  -  (C'H''0)"{— Prepared  by  digestmg  a  aux- 

ture  of  amyl-glycoUate  of  sodium  and  iodide  of  ethyl  diluted  with  absolute 
alcohol,  in  a  sealed  tube,  at  the  heat  of  the  water^bath,  for  four  days ;  decanting  the 
liquid  from  the  iodide  ot  !«odium  produced  in  the  reaction ;  shaking  it  tip  with  mereiuy 
to  remove  free  iodine ;  Eubjccting  it  to  fructional  diatillation ;  treating  the  difTlilllati?^ 
obtained  between  205°  and  210"  C,  with  carbonate  of  sodium,  to  remoTe  fi«e  amyl- 
glycoQic  acid  ;  dehydrating  the  neutral  etlier  thus  obtaihod ;  rectifying  it,  and  coUsdiag 
the  portion  which  paaaes  over  at  212^  C.  It  is  a  colourlpss,  mobile  liquid,  harii^giii 
cthert al  odour.  When  decomposed  by  alcoholic  potash,  it  does  not  emit  the  odoor  of 
amylic  alcohol,  by  which  chanu!ter,  as  well  as  by  its  higher  boiling  point,  it  ia  did- 
tinguiabed  from  tno  iBomeric  compound  ethyl-gly collate  of  amyl  (p.  917). 

C-H*  JO 
Phenyl-gljodUle  acid,    Pfumyl-cxocctic  acid.    C'H*0»  ^  (CmH))"?^.— Whtn 

H  )^ 
a  mixture  of  phenylate  of  sodium  and  chloracetie  add  ia  heated  for  a  considcfmbla 
time  and  then  left  to  cool,  phenyl-glycoUate  of  sodium  is  obtained  as  a  gradually 
solidifying  masa  ;  and  by  deconoposing  the  aqueous  aolution  of  this  salt  with  hydro- 
chloric acid,  impure  phenyl-gtycoUic  acid  ia  obtained  as  a  brown  oilv  liquid,  idiich,  by 
repeated  solution  in  lukewarm  water  and  evaporation,  yields  ym  tnin  silky  necdlaa^ 
melting  in  warm  water  to  a  heavy  oil  These  crystals  yi(*Ided  by  analysis  numbcfi 
intermediate  between  C"H^'  (phcnybglycoUic  acid)  and  C*H**0*  (enaayl- 
acid). 

Phmyl-glycoUatt  of  barium,  C"H^aO".fH»0,  forms  large,  thin,  TPry  britlJe  ] 
The  capp^'sali,  C*H'Cu0*,H*O,  forma  sparingly  soluble,  micppi-.  matic  or 

tubular  erystiil*.— The  podium-salt,  C»H*NaO".  JH'O,  crystallises  fr  >  alcohol 

in  extremely  ylcmde/  nt'^dles.— The  aqueous  solution  of  this  salt  foi^^x^  .^,^^.  nitrate  of 
liilver  a  eparingly  soluble  prcdpit^te,  which,  when  crystallised  fi^m  hot  water,  yieldi 
the  sUver-^aHf  C"H^AgO*,  in  slender  concentrically  muped  needles,— The  aqueous 
solution  of  the  sodium-salt  also  yields  prectpitatea  with  acetate  of  lead  and  mereurps* 
nitrate.  * 

When  the  warm  concentrated  aqueouB  solution  of  a  phenyl-glycollate  Ls  mixed  wilh 
hytlrochltiric  aeid,  phenyl-gly collie  acid  ftcpamtee  from  it  as  an  oil ;  the  cold  solutttm 
ht'ated  with  hydrochloric  acid  first  becomea  milky,  and  then  on  agitation  yietdi 
cr>'stalline  flakeai,  which  aro  easily  fusible  and  likewise  sublimed  when  heated  fat 
some  time  in  the  water-bath,  100  pLs.  of  water  dissolve  rather  mors  than  1  pt  «l 
the  acid;  it  ia  easily  soluble  in  alcohol  and  ether.    (Heinta.)  '^ 

Creayl-glyoolUo  JLcId,     OretyUoxMeHc  acid,    C*H»*0»  -  (C^HH))"!    .— 1 

mother  liquor  of  the  Lmpurc  phenyl-glycollate  of  sodium,  obtained  aa  abova  daaorib 

•  11f  =  lOD. 
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(p.  918),  yielded  another  sodium-salt^  easily  soluble  in  alcohol,  difficult  to  eiystallise, 
and  separated  by  ether  from  the  alcoholic  solution,  not  in  needles  like  the  phenyl- 
glycollate,  but  as  a  gelatinous  mass.  From  this  salt  the  acid  was  separated  by  hydro- 
chloric acid,  and  the  solution  of  the  ammonium'Salt,  and  a  sparingly  soluble  copper- 
doit,  C»H»CuOMI»0,  were  prepared.     (Heintz.) 

O&TOOIAZBa.  C*HK)*.  GlyeoUic  anhydride, — ^A  compound  isomeric  with  gly- 
ozal,  and  differing  from  glyoollic  acid  by  1  aL  water.  It  is  produced: — 1.  By  heating 
glycollic  acid  to  200*^ — 240°  C,  small  quantities  of  diglycollic  acid  and  dioxymethy> 
lene  being  formed  at  the  same  time.  (Heintz,  Pogg.  Ann.  cxt.  462 ;  Jahresb.  1861, 
p.  444.) 

2.  By  the  action  of  heat  on  chloraoetate  of  potassium : 

C»H«KaO«      «      KCl  +  C«HH)«. 
If  the  crystallised  chloracetate  is  used,  the  greater  part  of  the  elycoUide  thus  pro- 
duced unites  with  water  contained  in  the  salt^  and  is  converted  into  glycollic  acid. 
(KekuU,  Ann.  Ch.  PKarm.  cxv.  288.) 

3.  By  boiling  chloracetic  acid  with  water,  and  evaporating  the  acid  liquid,  which 
also  contains  hydrochloric  acid,  to  dryness,  a  residue  is  obtained,  containing  glycollide. 
(Heintz,  loc.  cit.) 

4.  By  heating  tartronic  acid  to  180°  C,  as  long  as  carbonic  anhydride  continues  to 
escape,  pulverising  the  residual  mass  as  soon  as  it  has  become  solid,  which  takes 
several  ^ys,  and  washing  it  witb  hot  water : 

C»H*0*         «         C«H«0»  +   C0»  +  H«0 

Tartronic  Add.  Glycollide. 

It  was  by  this  process  that  glycollide  was  first  obtained.  (Dessaignes,  Compt. 
rend,  xxxviii.  40.)   • 

Glycollide  is  a  white  tasteless  substance,  insoluble  in  cold  and  very  slightly  soluble 
in  hot  wattT.  It  melts  at  180°  C.  without  loss  of  weight.  It  dissolves  in  potash, 
yielding  glycollate  of  potassium.  Heated  with  ammonia,  it  forms  glycoUamide  (p.  909). 

OXiTCOXiB.    Diatomic  Alcohols, — ^Bodies  formed  on  the  general  type : 


(OH*»0)p.H»0      -      (^'^r^**  I  Op  *  » 


n  -=  2  giving  the  ethylenic,  n  =  6  the  amylenic  glycols,  &c.  The  glycols  of  each 
series  are  di-  or  polyatomic,  according  as  />  is  equal  to  or  greater  than  unity.  The 
g:encral  properties  of  these  compounds  are  described  under  the  articles  Alcohols 
(l  102)  and  Ethers  (ii.  617,  622).  The  glycols  of  amyleno  (i.  208;  ii.  9),  ethylene 
(ii.  674),  tetrylene,  or  butylene,  and  tritylene,  or  propylene,  have  been  ob- 
tained; but  the  ethylenic  compounds  and  their  derivatives  are  the  only  ones  that 
have  been  very  completely  studied. 

COiTCOOZVa.    C^«N*  «  N*(C*fi»)«.     (Debus,  Ann.  Ch.  Pharm.  cvii  199.)— 
An  oiganic  base  produced  by  the  action  of  ammonia  on  glyoxal : 
3C»H«0«  +  4NH»       -       C«H^*  +  6H*0. 

When  a  syrupy  solution  of  glyoxal,  heated  to  60®  or  70°  C,  is  mixed  with  three  times 
its  volume  of  strong  aqueous  ammonia  at  the  same  temperature,  the  liquid  turns 
brown,  effervesces  uightly,  and  after  a  while  deposits  small  crystalline  needles. 
When  the  quantity  of  these  ciystals  no  longer  increases  at  the  temperature  above- 
mentioned,  the  liquid  is  left  to  cool ;  the  still  strongly-coloured  ciystals  are  separated 
by  filtration,  washed  with  cold  water,  and  dissolved  in  verjr  dilute  hydrochloric  acid  ; 
the  solution  is  decolorised  by  animal  charcoal ;  and  the  filtrate  is  slowly  mixed  with 
veiy  dilute  ammonia;  it  then  deposits  glycosine  as  a  crystalline  pt)wder;  if  it  is  not 
colourless,  the  solution  in  hydrochloric  acid,  &c  must  be  repeated. 

Glycosine  is  a  pulverulent  substance,  consisting  of  truncated  striated  prisms, 
becoming  strongly  electric  by  trituration,  soft  to  the  touch,  tasteless  and  inodorous. 
When  heated  on  platinum-foil,  it  volatilises  without  melting  and  leaves  no  residue ; 
it  may  be  sublimed  by  careful  heating  between  two  watch-glasses,  and  then  forms  a 
bulky  sublimate  consisting  of  needle-shaped  crystals.  It  is  nearly  insoluble  in  cold, 
sparingly  soluble  in  bouing  water ;  easily  in  hydrochloric  and  acetic  acids.  The 
hydrochloric  acid  solution  concentrated  over  the  water-bath  yields  lareo  crystals  of 
hydrochlorate  of  glycosine  ;  with  oxalate  of  ammonium  it  forms,  especiaSy  on  stirring, 
a  crystalline  precipitate  of  oxalate  of  ffiyeosine  ;  with  iodide  of  potassium,  no  preci- 
pitate; with  cupric  chloride,  a  green;  with  merenrio  chloride,  a  heavy  crystalline 
precipitate. 

OXiTCmutvrzw.  C'H^O*?  (Gornp-Befanei-  A"*  ^^  "w^Mtn.  cxviiL  236.) 
—A  substance  obtained,  together  with  g^vooM^  hfh  4|  diliite  acids. 
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It  u  a  browiiiBh^yottow  brittle  resin,  which  does  no 
iusolnblo  in  wat«rT,  but  soluble  in  alcohol  and  iu  olkalii. 
phnrii?  aei^i  farming  nn  amarauth-rcd  Mtlution,  the  <?oloii] 
to  purpk*violel^  And  becomoa  violot  on  dilution  witJi  vn 
being  ttt  the  »&me  time  procipit^tcd.  The  alcuholic  sol 
aniiiiftl  ehareoal.     No  «atiHfaetopy  analysis  hiui  yet  been  d 

OXiTCTSsaSZnr.  C^H'^O'.  (A.  Vogel,  Jtin.«  J 
Ann.  Ch,  Phann.  Ujl  224.— Gorup-Bi^flanfts,  iMd^cxri 
fttnncp  conhiiiH'd  in  therootof  liquoricL*(  6^(vcy^^At^<f^^aAr 
p^cpft^c*d  fr*jm  KiiMKiim  liquorice-root(which  yields  a  Imhco] 
pfjtiuct  tbnn  the  Spimbh  root),  by  pT^cipitatiog  the  filt« 
itifujiion  with  dilute  sulphuric  acid;  vaeblng  Sie  dftrk 
til)  it  in  quite  fn^e  frum  sulphuric  acid ;  then  diBSolYing  i 
82  [tcr  cent.^  and  mixing  tho  not  too  concentrated  aolii^ 
etiier  aH  kmp;  as  a  dark  •coloured  resinouj?  substance  is  tlii 
on  *^\nqJ^J^ation  le&res  glycyrrhizin,  as  an  amorphous  sal 
Containing  but  a  Teiy  aroall  quantity  (0'2  p«r  cent,) 
Vogi'l  nod  Lade  adopted  a  aimilar  proceas^  but  evaporate 
out  firtit  frying  it  from  the  dark  reninons  subatanco  by  ' 
(Jahre«k  I860,  p.  561)  pr«>cipitat<«  tho  aqueoiu  extract  o 
of  potassium  (cream  of  tartar),  digests  the  predpit&te  h 
alcoholic  filtrate  to  dryness, 

Glycyrrhijtin  is  a  light  yellow  amoTpboas  substance,  \m 
fii>Inble  in  cold,  easily  soluble  in  hot  water,  soluble  also 
and  in  ether  by  the  Aid  ©f  a  gentle  ho^t ;  alkalis  diss 
culour;  the  solutioDS  yield  with  adds  a  procipitute  ^art 
acid.  The  aqueotia  aolatioii  is  precipitated  by  cbloride 
Dcstum,  Bu1phat4)  of  copper,  chloride  of  copper,  and  basic 

Tho  constitution  of  glyeyrrhizizi  is  determined  by  the  i 
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The  analytical  ntunbers  might  of  course  be  equally  wel 
formula  C"H'*0* ;  but  the  calcium-salt  of  glycyrrhijsin  e 
Be»an««,  53-9  per  cent  C,  7"1  H,  30-77  0,  and  829  CaH 
2C=*H'*0*.3CaK).-lH*0,  and  the  lead-Bait  240  C,  2  9  H,  1 
agreeing  with  C^Il^O*  Pb-0.4PbH0.  Hence  the  formti 
be  C-*II**0*.  Lade  obtained,  by  tho  analysis  of  glycyrr] 
and  7*1  to  7"4  H  ;  but  his  glycyrrhizin  whs  impure,  contai 

Glycyrrhixin  ifl  not  fermentable.  yUrie  acid  acta  upoi 
oW  abundant  red  fumes,  and  forming  a  light  yeUov  subs 
action  becomes  stronger,  and  a  pale  yellow  crystailis&ble 
oxypicric  acid,  together  with  oxalic  acid.  It  is  also  tio 
of  chromate  of  potassium,  or  peroxide  of  manganese  ix 
]:tesanee.) 

I3y  boiling  with  dilute  ptilphuric  and  other  adds,  gly< 
cyrretin  and  glueose,  probably  thus: 

C**H>^*  +  H*0     «    C"H»«0*  J 

O&YOZA^    DIPO'  =  (C'0«)^HV  (Debus,  AmS 
CI,  316;  cxriii,  253. — Qm.  xiL  fi03.)— This  oompound  ma; 
of  glyoxylic  and  of  oxalic  acid,  luid  stands  between  ethr 
lene)  un<l  oxalic  acid,  in  the  same  numner  us  common  i 
(hydrate  of  ethyl)  and  acetic  acid 

C*H*0    -  H*         =         C»H<0 
AlcohoL  Alriehfdc. 

C^*0»  -.  H*  =  C=H'0* 

Cljrco],  CJjox»J. 

It  is  produced,  together  with  glyoiylio  acid  and 
nitric  acul  upon  alcohol.  When  tbe  syrupy  neutral  liquit 
of  glyoxylic  acid,  is  mixed  with  sereral  times  its  volume 
aod  tho  mixture  is  left  to  itself  for  some  hours,  the  sides  i 
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with  a  white  ciTBtAlline  crost^  conaisting  of  a  componnd  of  glyoxal  with  the  acid 
sulphite ;  and  by  dissolving  this  compound  in  the  smallest  possible  quantity  of  boiling 
water,  and  leaving  the  filtrate  to  cool  ouietly,  the  compound  is  obtained  in  fine  crystals, 
which  may  be  purified  by  two  reoystallisations.  A  further  quantity  may  be  obtained 
by  treating  the  mother-liquors  with  alcohol.  The  sodium-compound,  mixed  with 
chloride  of  barium,  yields,  after  two  days,  crystals  of  the  corresponding  barium- 
compound  ;  and,  by  exactly  decomposing  the  barium-compound  witn  sulphuric  acid, 
and  evaporating  the  filtrate  to  remove  water  and  sulphurous  acid,  glyoxal  is  obtained  in 
the  solid  state. 

Glyoxal  appears,  also,  to  occur  among  the  products  of  the  oxidation  of  cthylenio 
glycol  by  nitnc  acid ;  but  its  presence  has  not  been  distinctly  proved. 

GIvoxal  is  a  transparent,  slightly  yellowish,  amorphous  mass,  which  deliquesces 
readily  when  exposed  to  the  air,  and  dissolves  with  great  fiicility  in  water,  alcohol,  and 
ether.  The  aqueous  solution  is  merely  clouded  by  neutral  acrtate  of  lead;  but,  on 
adding  ammonia,  a  copious  white  precipitate  is  produced.  With  nitrate  of  silver  and 
ammonia  it  forms  a  beautiful  speculum  of  silver.  A  small  quantity  of  very  dilute 
nitric  acid  converts  glyoxal  into  glyoxylic  acid ;  by  a  larger  quantity,  even  of  very 
dilute  nitric  acid,  it  is  converted  into  oxalic  acid. 

(knutic fixed  alkalis  convert  it  into  a  salt  of  glycoUic  acid,  e.  g, : 

C^HH)«  +  CaHO         -        C«H»CaO«. 
A  syrupy  solution  of  glyoxal,  genUv  heated  with  strong  aqueous  ammonia,  yields  two 
bases — viz.,  glyoxaline,  CH'N^  and  glycosine,  C*H'N\*  according  to  the  equations — 

2C»H«0«  +  2NH«      -       (?H«N«  +  CH«0«  +  2H«0. 

G  lyoxalloe.       Formic  acid, 
SC'H'O'  +  4NH«       -       Cmnf*  +  6HK). 
Olycotine. 

Glyoxaline  is  by  far  the  more  abundant  product  of  the  two. — Qlyoxal  is  decom- 
posed by  sulphydrie  acid. 

Compounds  of  Glyoxal. — ^When  a  stream  of  ammonia^as  is  passed  into  ao 
ethereal  solution  of  glyoxal,  a  white  precipitate  is  formed,  consisting  ofglyoxal- 
ammonia. 

Glyoxal,  like  other  aldehydes,  forms  crystalline  compounds  with  the  acid  sulphites 
of  alkali-nutaU.  The  ammomum-salt,  C*HK)».2(NH*)HS0»  forms  shining  prismatic 
caystals,  very  soluble  in  water,  insoluble  in  alcohol  The  aqueous  solution  is  precipi- 
tated by  acetate  of  lead,  but  not  by  salts  of  zinc,  copper,  or  silver. 

The  barium-salt  is  deposited  from  the  hot  saturated  solution  in  concentrically- 
grouped  masMs,  containing  C^K)'.2(BaHSO*).|HK).  The  aqueous  solution  of  this 
salt,  boiled  with  a  slight  excess  of  caustic  baryta,  yields  a  precipitate  of  neutral  sulphite 
of  barium,  while  free  baryta  and  glycollate  of  barium  remain  in  solution : 

C*H*0».2BaHS0»  +   3BaH0     -     2Ba'S0«   +   C»H»BaO».2H»0. 

The  sodium^salt,  C»HK)*.2{NaHSO^.HK),  forms  small  hard  crystals,  easily  solnblA 
in  water,  insoluble  in  aloohoL  The  aqueous  solution,  after  boiling  fbr  some  time^ 
precipitates  acetate  of  lead  and  ehloride  of  barium. 

O&TOZA&IVB.  C^*N*.  (Debus,  Ann.  Ch.  Fharm.  crii.  199.) — ^An  oi^ganie  base 
produced  simultaneously  with  g^voosine  by  the  action  of  strong  aqueous  ammonia  on 
glyoxaL  When  the  brown  nxither-liquor  from  which  the  g^yootine  has  separated,  i« 
evaporated  to  a  syrup  at  a  gentle  heat  to  expel  free  ammonia,  a  syrupy  nncrvsUl- 
lisable  residue  is  left,  which,  when  mixed  with  twice  its  volume  of  a  saturated  aolntion 
of  oxalic  add,  soon  deposits  a  Isi^  q[oantxty  of  cnrstals  of  oxalate  of  glyoxaline  (tbo 
mother-liquor  retaining  formic  aod,  vid.  sup.\  which  ma^  be  porified  hj  solutioo  in 
water,  treatment  with  animal  diareoal,  and  recrrstallisatum.  From  this  salt  the  base 
may  be  separated  by  mixing  the  sc^ution  with  chalk,  heating  it  lor  some  time  to  1  (K^  C.« 
and  evaporating  the  filtered  liquid. 

Glyoxaline  oystallises  with  difficulty,  and  only  from,  a  simpy  solntion,  in  eoooeo- 
trieally  grouped  crystals.  It  melts  easily;  has 'a  faint  taLj  oianr;  volatiliaet  at  a 
higher  tempentvre  in  thick  white  vapours;  deliqueaoes  ia  damp  air ;  dissolves  eaifilr  in 
water,  forming  a  solution  wlddi  tarns  turmeric  brown  and  roddened  litmus  blue ; 
neutralises  strunff  aeads;  medpitates  the  chlorides  of  iron  and  vjyyet  (the  isX^Uer  utv^ 
cipitate  re-disaorring  wita  Uas  eoloar  in  excess  of  glyoxaline j,  and  nitiate  of  silrcr, 
but  not  flj^wtr  wits, 

CUoropUtinaU  of  glyvtmtims,  CnL*S*JLCLV\CP,  is  a  vdlow  crystalliBe  predpilaU*, 
which  diawlTes  in  bot  water,  and  sepsntes  in  oran^fe-red  prisms. 

The  axialmle,  (7H*S*.0SK>*.  fiorms  cxiouriev  prisms,  whidb  do  not  sndefigo  any 
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altenition  at  12fi°  C*,  but  when  heated  on  platinum-fbil,  melt  eAslly  and  totatiliie  m 

irbilii  fumc8» 

Debus,  Phil.  Ma^r.  [\]  xii.  361  ;  Auiu  CL  Pbupra*  c  I ;  ciL  28 ;  ex.  316.— Oul  xH. 
606;  riil  -ISl.)— ThiB  ncid  is  produced,  together  with  glycoUic  acid  mid  oth«f 
coropouDcbr 

I-  By  the  action  of  nitric  iicid  upon  alcohol,  gljrcol,  or  glyoxal  (Debtts): 


Alcohol. 

C*H*0» 


+   0« 

+  o 


2H*0 
2IPO 


2.  By  the  actioti  of  tULseent  hydtogen  up6a  oscalle  aeid ; 

<m»0*  +  H»      «      CTPO'.H'O; 


c.  0.  when  oxalate  of  aodium  is  submitted  to  the  octioD  of  aodium-smali^in  io 
of  water ;  or  oziiliite  of  sine  to  that  of  zinc  and  dilute  suiphuric  add.  Whesi  the  action 
in  not  ftccelenitKl  by  elevation  of  temperature,  and  a  large  quantity  of  ^t  ia  used, 
glyoxylic  acid  is  the  cliief  product;  in  the  contrary  case,  glycoUic  add,  (Church, 
Cheni.SoL\l.  [2]  i.  301.) 

Prtparation. — 1.  From  Alcohol. — 220  grma.  of  alcohol  of  80  per  cent^  are  pound  into 
a  tall  narrow  flaak  capiiblo  of  holding  about  l^lb.  of  water  ;  100  graminea  of  water  sn 
introduced  below  the  alcohol  by  means  of  a  funnel  having  its  node  finely  drawn  out ;  and 
below  thii  are  pourt»d  20.0  grmi.  of  red  fuming  nitric  acid,  so  that  the  three  Uqmda  may 
remain  one  above  the  other  and  mix  as  little  as  poafiblo  at  first.  The  bottle  is  then 
doeed  with  a  cork  fitted  with  a  gas-delivery  tube  dipping  under  water,  and  the  whoJ« 
18  left  for  six  or  eight  days,  at  a  temperature  of  20'^  to  22*^  C,  till  the  tiquida  have 
beoome  complotely  mix^^d,  and  the  reoulting  nitrite  of  etliyl  haa  TolatHiaod.  The 
readual  liquid — containing  nitric,  acetic  and  formic  acids,  compound  ethen,  glyoial 
and  other  aldehydes,  glycoEic  acid  and  glyoxylic  acid — is  evaporated  to  a  syrup  ot« 
Uio  water^bttth  m  portions  of  20  to  SO  (rrms«  each ;  the  reaiduos,  containing  oxaUc, 
gljcollic  and  gljorylic  acids,  t^^gelher  with  lb ^  less  volatile  aldehydoe,  are  diseolTed 
in  small  quiuitities  of  waiter;  the  unik*d  solutions  are  neutraliaed  with  challc ;  the 
neutral  liquid  ia  mixed  with  iin  equal  volume  of  alcohol;  and  the  resulting  precipitate 
of  cuk'ium-Baltfl  pressed  and  refteutcdly  boiled  with  water.  The  aquoooa  extiaet 
yields  crystals  of  glyoxylate  of  calcium,  and  a  further  quantity  of  thia  salt  may  W 
obtained  by  oonccutratii^  the  mother-liquor.  The  subsequent  mother-liquors  yield 
a  double  salt  of  glyoollate  and  glyoxylate  of  calcium,  and  the  laat  contain  glyoollato  ot 
calcium  (p,  911). 

2.  From  Oxalic  acid. — ^A  large  quantity  of  oxAlate  of  sine  is  placed,  together  with 
a  few  pieces  of  pure  ainc,  in  a  beaker,  the  mixture  covered  with  water,  and  dilate 
sulphunc  n^d  added  slowly  drop  by  drop.  Milk  of  hme  is  then  added  in  slight 
excess,  together  with  a  large  quantity  of  water;  the  mixture  is  warmed,  itiem, 
ntpersnturuteil  with  carbonic  acid,  and  agu in  warmed  and  filtered;  the  filtnts  thus 
obtained  dcpoaita  on  cooling  needle-shaped  crystals  of  glyoxylate  of  calcium.  Or 
better:  the  mixture  of  Eiuc'sslts  is  shaken  up  with  ether,  the  syrupy  ethereal  exlxai* 
thus  obtained  is  trt^iited  with  carbonate  of  calcium,  and  the  various  calciuiD*«alls  thus 
obtained  are  aenarated  by  Debases  method.     (Chnrch.) 

The  hydratea  acid  is  obtained  by  deeompusin^  the  colcium-aalt  with  oxalic 
and  evaporating  the  solutioti  in  vacuo,   in  the  form  of  a  viscid,  tranaparanti  slj^ 
yellowish  ajTup,  which  dissolvcfl  readily  in  wat<^.     The  solution  heated  to  100^ 
gives  off  unaltered  glyoxylic  acid,  together  with  the  watery  vapoura.     The  lyraFl 
acid,   wht^n  strongly  heated,  gives  off  acid  vapours  and  volatUiaes^  lenving  a  scuniy 
blaek  residue.     (Debus.) 

A  sotuf ion  of  glyoxylic  acid  treated  with  mtpk^rie  add  yields  nodular  crrstals 
apparently  containing  a  sulphuretted  acid.     A  strong  ablation  of  gtytucylat^  of  ctkium 

repeatedly  treated  with  sulpbydric  acid  yields  the  salt  C^n*Ca*5^.*'JH'0,  the  add 

which  consists  of  a  double  molecule  of  glyoxylic  acid,  having  one-fifth  of  its  oxTVcn 
placed  by  sulphur.     (Debus.)  ^''     -^  =  ^o 

*u  ^J'^^^J'^^'^  **'»**  dissolvwi  Hnc,  without  evolving  Ml  equivalent  quantity  of  hydryigeii, 
theLhydrogen  in  fact  uuiting  with  the  glyoxylic  acid  to  form  glri^Uic  arid.  (Debus.) 
The  ffl^fOTylaits,  C^HMO',  are  obtained  by  nenlmlising  the  basea  or  i imir  carbonates 
^th  the  aaueons  acid  Most  of  them  contain  1  aL  of  water,  of  which  they  caunoi 
t>e  depn^-ed  without  undergoing  further  decomposition.    For  this  itmBoo,  bofaua  at 
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first  assi^ed  to  thorn  the  fonnula  OTPMO*,  regarding  the  acid  as  CHH)*.  But  the 
composition  of  the  ammonium-salt  shows  that  the  true  formula  of  the  acid  is  C'HK)', 
which  is  likewise  more  in  accordance  with  its  general  relations.* 

It  is  not  exactly  known  whether  glyoxylic  acid  is  capable  of  forming  salts  with  2  at 
metal  An  insoluble  lead-salt^  C*PbH)*.H*0  is  produced  by  double  decomposition,  but 
it  is  perhaps  a  basic  salt,  OHPbO'.PbHO.  From  the  solution  of  the  calcium-salt 
C*HCaO*.H*0,  lime-water  throws  down  a  white  precipitate,  which  is  perhaps  the 
neutral  calcium-salt  CH^a'O* ;  but  on  the  other  hand  it  is  possible  that  the  original 
calcium-salt  may  simply  be  rendered  insoluble  by  the  addition  of  the  lime-water. 
(EekuU.) 

The  glyozylates  unite  with  sulphites.  A  strong  solution  of  acid  sulphite  of  sodium 
mixed  with  syrupy  glyoxylic  add  yields  the  double  salt  CHNaO'.NaHSO* ;  and  by 
passing  sulphurous  acid  gas  into  water  in  which  glyoxylate  of  calcium  is  suspended, 
and  concentrating  the  resulting  solution,  crystals  of  the  salt  2CHCaO'.CaHS(>'.5ffK) 
are  obtained.    fDebus.) 

Glyoxylate  of  Ammonium,  C*H(NH*)0*,  prepared  by  precipitating  the  calcium-salt 
with  oxalate  of  ammonium,  and  eyapoxiiting  in  vacuo  oyer  sulphuric  acid,  forms  small 
prismatic  crystals,  easily  soluble  in  water.  The  concentrated  solution  turns  yellow 
when  boiled,  or  when  evaporated  at  lOO*'  C.  It  forms  crystalline  precipitates  with 
nitrate  of  silver  and  acetate  of  lead,  also  with  sulphate  of  copper  after  a  while.  Potash 
evolves  ammonia  from  it  even  at  ordinary  temperatures.  It  gives  by  analysis  26*70 
per  cent.  C,  and  6-76  H  (by  calculation  26  4  C  and  5-6  H). 

Glyoxylate  of  Barium,  C*HBaO'.2H*0.— Prepared  by  dilating  diluted  glyoxylic 
acid  at  ordinary  temperatures  with  carbonate  of  barium  till  the  acid  is  completely 
neutralised,  and  evaporating  the  filtrate  in  vacuo.  At  a  certain  degree  of  concentra- 
tion, the  salt  begins  to  separate  in  small  white  crystals.  It  is  partly  resolved  into 
glycol) ic  acid  and  oxalate  of  barium  when  heated  to  120^  C,  or  when  its  aqueous 
solution  is  raised  to  the  boiling  point.  With  lime-water,  acetate  of  lead,  and  nitrate 
of  silver,  it  behaves  like  the  calcium-salt.  By  analysis  it  gives  39*4  per  cent,  barium, 
the  above  formula  requiring  38'9  per  cent. 

Glyoxylate  of  Calcium^  C'HCaO'.HK),  crystallises  in  thin  needles  or  hard  pris- 
matic crystals,  soluble  in  177  parts  of  water  at  8®  C,  and  yielding  by  analysis  18*2 
per  cent,  calcium  (calculation  18*01).  It  may  be  heated  to  between  160°  and  170®  C. 
without  loss  of  weight,  but  at  180°  it  gives  off  water  and  carbonic  anhydride,  and 
yields  glycoUate  and  carbonate  of  calcium,  together  with  a  resinous  substance.  Lime- 
water  added  to  the  solution  of  this  salt  immediately  produces  a  copious  precipitate, 
which,  immediately  after  its  formation,  dissolves  readily  in  acetic  acid,  but  if  left  to 
itself  for  awhile,  or  more  quickly  if  boiled  for  a  few  seconds  with  the  liquid,  becomes 
insoluble  in  acetic  acid,  being  in  fisict  resolved  into  glycollate  and  oxalate  of  calcium : 

2C«HCaO'  +  CaHO  «  C«Ca'0«  +  C«H»CaO». 
This  reaction  affords  the  means  of  separating  glyoxylic  from  glycollic  acid,  when  the 
two  occur  together,  a  solution  of  pure  glycollate  of  calcium  not  being  precipitated  by 
lime-water.  It  also  serves  for  the  quantitative  estimation  of  glyoxylic  acio,  128  pts. 
(1  at.)  of  oxalate  of  calcium  (C«Ca*0*)  corresponding  to  198  pts.  (2  at)  of  the 
glyoxylate  (C^HCaO^.H'O). 

Glyoxylate  of  calcium  forms  double  salts  with  glycollate  and  lactate  of  calcium. 
(See  page  911,  and  L^cno  acid.) 

An  ammonioglyoxylate  of  calcium,  3C»HCaO".2NH'.H*0,  is  obtained  in  ciystals  on 
pouring  chloride  of  <»dcium  into  a  solution  of  glyo^late  of  ammonium  in  the  smallest 
possible  quantity  of  water.  The  same  salt  is  obtained  in  the  anhydrous  state  by 
adding  ammonia  to  a  boiling  saturated  solution  of  glyoxylate  of  calcium. 

Glyoxylate  of  Lead  forms  with  ammonia  a  compound  containing  7  at  CHPbO*  to 
4NHf 

Glyoxylate  of  Potassium  is  deliquescent  and  difficult  to  crystallise. 

Glyoxylate  of  Silver,  CHAgO^.H^O,  is  obtained  as  a  white  crystalline  powder, 
by  precipitating  nitrate  of  silver  with  glyoxylate  of  ammonium.  It  is  but  sparingly 
soluble  in  cold  water,  and  is  rapidly  decomposed  by  light  Analysis  ^ve  641  and 
63*9  per  cent  silver,  the  formula  requiring  64*2  per  cent  It  unites  with  ammonia, 
forming  a  salt  conteining  4  at  C*HAgO"  to  3NH».     (Debus.) 

Glyoxylate  of  Zinc,  C*HZnO".2H*0. — Produced  as  a  white  crystalline  precipi- 
tate on  adding  a  strong  solution  of  glyoxylate  of  calcium  to  acetate  of  sine.  It 
dissolvM  sparingly  in  water,  easily  in  acetic  acid,  hydrochloric  acid,  and  caustic  potash. 
After  drying  over  oil  of  vitriol,  it  gave  by  analysis  38*09  and  88*73  per  cent  zinc,  the 

•  Kekul«(LrAr6  II.  SO)  appUMth«t«nngIjoxalic  acid  to  the  compound  C*H*OS,  and  sItozjIIc 
acid  to  the  acid  C^WO*,  produced  by  the  dacompotltion  of  bromogljcollate  of  fUver  (p.  913),  and  bf 
the  redudioo  of  oxalic  ackt 
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fonrniln  r«qninng  37'<}-l  per  cent.    The  2  At.  water  caiuiQi  ht  remored  withomi  i 
jMjsiug  the  siilt. 

OlOX&zmCTB.  Soda  Chabasite,  BjfdroUie.  Hfrsch^ite. — ^A  bjdratedBtlieiisi 
ultiminiiunf  caldum.  and  sodium^  whose  compoBition  is  expressed  hy  the  «ub«  gMics 
fomultt  a«  Umt  of  chabasite,  tCz^  M»O.Al*0",4SiO*.6H«0,  or  (M«/»)Si*0«.  8H*.,  b 
with  II  liirgcr  proportion  of  sodium.  It  oceura  cijstallised  in  heixagonal  pjminid 
having  t  hi*  terminal  summita  and  bittnil  edges  tmncated  (P .  dP .  ocP)>  Ajigle F:  P  i 
tlie  terminal  edges  -  142*  26" ;  in  th«  lateral  edgM,  80°  8* ;  oF :  P  «  13»o  56'.  It 
iiAually,  however,  re^^arded  ae  rhombohedral  and  the  e378tal8  as  twism  seecnidaxy  to 
rhombohcdron  of  86''  18'.  It  is  diftinguished  from  chabasite  by  its  perfect  ckkf^ 
ptindlclto  the  fhces  of  a  six-sided  pdsm  (G.  Rose).  Haidneea  a  4'Si  apaci^gnnl 
B=  '2*04-2  12  ;  liistre  ritrcotis;  colourlcee,  TeUowiah-whit«,  reddish* white,  or  fleu»^ 
tmnflhie?cnt ;  brittle.  It  beharoe  like  chaoasit^  before  tho  blow*pipev  &nd 
with  hydrochloric  add. 

Tho  following  are  analys**  of  gmeliuit©  from  Gleoarm : — a.  By  Cotmell  (1 
N.  Phil.  J.  1838).     6  and  c  by  Hammebbei^  (Pogg-  J^^^  scHx.  21 1) : 
8lO«  AKOS  Fe*0»        Ca»0  Na^O  K»0  H»0 

48'66         18'06         0*11         513         38JS         0-3S         2l(i6  =  97' 

4640         21'O0  —  3-67         7*29         160         2041  =        100-4 

4666         2018  "'  3'8&         709         1*87         20-41  «        lOO-CW 

Gmelinitc  oocura  in  amygdaloid  rocks  at  Mont«<!chio  MaggLoi^  and  mt  C^atel  ia  tin 
Ticcntinr^,  at  Qlenarm,  county  of  Afitnm,  Ireland,  and  ta  theisliuid  MsgMu 

HrracMitt  from  Etna  has  the  same  formula  as  gmeUnite,  but  with  \  tow  wmtec; 

Lfdreriir,  from  Jackson,  Nora  Scotia,  haa  the  form  of  gmcUntto,  and  Ukevic*  ihi 
same  composition,  but  with  ouly  oue- third  the  amount  of  water.     (Dana^  u.  821.) 

OXr JiPBAmxinc.  The  ash  of  Gnaphalium  Uont^ptdittm,  L.,  has  been  examined 
by  A.  Biiuer  {Vtitn,  Akad,  Ber,  xxxri.  200).  100  pta,  of  the  pbxit  (st^m,  leavoi^ 
and  flowers)  yieldi^d  66  pts.  ash,  contaiuing,  after  deduction  of  charcoal  and  nud : 

K*0         KCI  C*=0         MfSf*    Fe*tPP^O»     P^O*         80>        SiO*  C<A 

2902       7  13       23'76       6-70         163         6  47       6*04      0^8       202?      -      106*06 

OVBZSS.  A  rock  having  the  some  compoflition  as  granite^  but  distinguished  fron 
it  by  poeaessing  a  partially  strutiSed  etrueturc.  In  granite,  the  quartz,  felspar,  sad 
mica,  are  intei^grown  so  as  to  form  a  crystallogranular  mixture ;  but  in  g:sefsa  only  tbi 
quarts  and  fuli^par  arc  thua  int^rgrown,  whereas  the  mica  is  disposed  in  parallel  laytfi, 
giving  the  rock  somewhat  of  a  slaty  character.  The  quantitatiTo  relations  of  th< 
component  minerals  in  gneiss  are  as  Tarious  as  in  granite,  and  the  mica  is  oft«n  moH 
Of  less  replaced  by  hornblende  or  talc»  less  freqiicntly  by  chlorito  or  graphite.  Diieifl 
also  contains,  as  accessory  constituents,  garnet,  tounnjdini>«  epidoto,  conlierite,  sadft 
lusite,  serpentine,  cyanlte,  iron  pyrites,  magnetic  n^tca^  specular  iron,  titaniieroiu 
iron,  maguetie  iron  ore,  mtile,  fluor  spar ;  it  is  peculiarly  rich  io  metaJliferofUft  fmnsL 

For  Scheerer  a  examination  of  the  red  and  grey  gneiss  of  the  Saxon  Ktsgebii;^  m 
JahrcsK  d.  Cheni.  1861,  p.  1076. 

O^smUZTS.    See  InoCRASS. 

Cl^Ik]>.  At&mic  fDHgkt.l^Q.  iS^ffi6a/,  Au.  (OnLTi.  20L— Reunault,  Coi 
fntntaire.  dt  Ckimif,  uL  274, — Pelouise  et  Fr^my,  TrniU,  iii.  392. — Dnna,  ii,| 
Ure*^  Dicthnar^fi/ArU,  Manu/actuns,  and  Mine*,  ii.  381.) — Gold  is  widtdy  diistiil 
over  the  globe.  It  is  almost  always  found  native,  sometimes  pure,  but  generally  i 
less  alloyed  with  silver.  It  occurs  in  the  crvstalline  rocks,  the  compact  meta 
rocks,  the  tracbytic  and  trap  rocks,  and  alluvial  grounds.  It  is  sometinaes  fotuui 
crystjdlised  in  cubes,  octahedrons,  and  other  forms  belonging  to  the  regular  sysifiDOt , 
nioro  commonly  in  fdifurm,  reticulated,  and  arboresceot  shapes ;  also  in  thin  l^tjar^*-* ; 
ol^i'n  in  Battened  groins  or  scales,  and  in  rolled  masses  in  gravel  or  sand  clMntn* 
These  masses,  when  of  a  certain  size,  are  called  pfpitat  or  nitg^fU.  In  < 
rocks,  gold  occurs  chiefly  in  veins  containing  ores  of  other  metals^  such  as  inn 
copper-pyrites,  galena,  and  sulphide  of  silver.  In  auriferous  pyrites,  tho  goid  tf 
gt^tierally  present  in  too  small  a  quantity  to  be  visible  when  the  mineral  is  in  iti 
natural  state.  Some  varieties  *>f  this  mineral  contain  not  more  than  one  fiv^miUioolii 
part  of  their  weight  of  gold,  which,  nevertheless,  rosy  be  profitably  extracted.  Thi 
greatest  quantify  of  gold  in  obtained  from  the  alluvial  deposits  formed  by  the  disint^g^ 
ration  of  ancient  auriferous  strata.  The  rock  deposits  of  California  and  Autftrftlia  mt 
chiefly  of  this  kind.  The  sands  of  rivers  issuing  fiwm  primitive  moantai&  dbalBI 
almost  always  contain  small  qtiantities  of  gold.  Id  Enrope  gold  is  moRt  abondani  la 
ITiingary  and  Trausylvanin,  It  occura  also  in  the  sand  of  the  Rhine,  tho  Reuse,  and  th4 
A  or :  on  the  southern  slope  of  the  Pennine  Alps,  from  the  Simplon  and  Monte  Bosa  to  th4 
Vol  d'Aosta  ;  in  Piedmont;  in  Spain,  the  mines  of  Asturias  naving  bett  in uneteai ^mfll 
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the  principal  source  of  the  gold  obtained  in  Europe ;  in  many  of  the  streams  of  Corn- 
wall ;  near  Dolgelly  and  other  parts  of  North  Wales ;  in  Scotland  in  considerable 
amount  near  Leadhills,  and  in  Glen  Coich  and  other  parta  of  Perthshire ;  in  Ireland, 
in  the  county  of  Wicklow ;  and  in  Sweden,  at  Edelfors.  In  Asia  valuable  mines  exist 
in  the  Ural  mountains  at  Beresof,  and  other  places  on  the  eastern  flank  of  the  range, 
and  in  the  comparatively  level  portions  of  Siberia ;  also  in  the  Altai  mountains,  and 
in  the  Cailas  mountains  in  Little  Thibet.  Gold  is  also  found  in  China,  Japan, 
Formosa,  Ceylon,  Java,  Sumatra,  Borneo,  and  the  Philippines.  In  Africa  there  are 
mines  at  Kordofan,  between  Darfour  and  Abyssinia ;  also  south  of  Sahara  from 
Senegal  to  Cape  Palmas ;  also  in  the  interior  on  the  Somat,  a  day's  journey  from 
Casscn  ;  also  along  the  coast  opposite  Madagascar,  supposed  to  have  been  the  Ophir 
of  Solomon.  In  South  America  the  principal  gold-producing  districts  are  in  Brazil, 
especially  near  Yilla  Rica,  and  in  the  province  of  Minos  G^raes ;  in  New  Granada, 
and  in  Chile.  In  Peru  gold  is  found  but  sparingly.  In  Central  America,  sold  is  found 
in  Guatemala  and  near  Panama;  in  North  America,  in  Mexico,  in  the  Southern 
United  States,  in  British  Columbia  along  the  course  of  the  Eraser  Biver,  in  Nova 
Scotia,  and  veiy  abundantly  in  California,  between  the  Sierra  Nevada  and  the 
Sacramento  and  San  Joaquim.  Lastly,  very  large  quantities  of  gold  are  found  in 
Australia,  chiefly  to  the  westward  of  Bathurst^  about  150  miles  from  Sidney,  and  in 
tlie  Victoria  colony.  Gold  is  also  found  in  Van  Diemen*s  Land  and  New  Zealand. 
Formerly  the  chief  supply  of  gold  was  obtained  from  the  mines  of  Brazil,  Hungary, 
and  the  Ural  Mountains,  but  California  and  Australia  now  yield  by  far  the  largest 
quantity.     The  new  gold-fleld  of  British  Columbia  is  also  very  productive. 

The  purest  specimens  of  native  gold  have  been  obtained  from  Schabrowski,  near 
Katharinenburg,  in  the  Ural.  A  specimen  analysed  by  G.  Hose  was  found  to  contain 
98*96  per  cent  of  gold.  Very  pure  gold  has  also  been  found  in  Nova  Scotia ;  a 
specimen  from  Tangier  was  found  by  Marsh  (Sill.  Am.  J.  1861,  p.  395)  to  contain 
98*13  per  cent  gold;  another  from  Lunenbourg  contained  92*04  per  cent,  the  remainder, 
in  both  cases,  being  silver  and  copper,  wiu  traces  of  iron.  The  Califomian  gold 
averages  from  87*5  to  88*5  per  cent,  and  the  Australian  96  to  96*6  per  cent.  In  some 
varieties  of  native  gold,  e.g.  from  Linarowski,  in  the  Altai,  the  percentage  of  gold  is 
as  low  as  60  per  cent.,  the  remainder  being  diiefly  silver.  There  is  also  an  auriferous 
silver  found  at  Konigsberg,  in  Hungary,  containing  28  per  cent,  pold  and  62  silver. 

Extraction. — Gold  is  separated  from  the  substances  with  which  it  is  mechanically  asso- 
ciated, either  by  washing  with  water,  whereby  the  earthy  matters  are  carried  away,  while 
the  heavy  gold  remains  behind,  or  by  amalgamation.  The  rich  ores  in  which  the  native 
gold  is  apparent,  and  merely  disseminated  in  a  stony  gangue,  are  directly  triturated  with 
mercury,  without  any  preparatory  treatment  The  poorer  ores,  in  which  the  gold 
seems  lost  amid  a  mass  of  iron,  sulphide  of  copper,  &c,  are  roasted  before  amalgama- 
tion, to  lay  bare  the  gold.  The  small  quantity  of  gold  which  occurs,  generally  asso- 
ciated with  silver,  in  certain  lead  and  copper  ores,  is  extracted  by  eliquation  and 
cupellation.  By  these  processes  ^see  Coppbb,  p.  32,  and  Silvbb)  gold  is  obtained 
free  from  all  other  metals  except  silver ;  and  from  this  it  may  be  separated  by  nitric 
acid,  which  dissolves  the  sQver,  but  only  when  it  forms  a  laige  proportion  of  the  alloy. 
When  nitric  acid  does  not  dissolve  the  silver,  the  allo^  is  submitted  to  an  operation 
termed  partina  or  quartation,  which  consists  in  fusing  it  with  four  times  its  weight  of 
silver,  after  which  the  whole  of  the  silver  may  be  dissolved  out  hj  nitric  acid. 

Pure  gold  may  be  obtained  from  any  alloy  containing  it,  by  dissolving  the  alloy  in 
a  mixture  of  two  measures  of  hydrochloric  and  one  measure  of  nitric  acid  ;  separating 
the  solution  from  insoluble  chloride  of  silver  by  filtration ;  evaporating  it  over  the 
water-bath  till  acid  vapours  cease  to  be  exhaled  ;  then  dinsolving  the  residue  in  water 
acidulated  with  hydiwhloric  acid ;  and  adding  protosulphate  of  iron,  which  completely 
precipitates  the  gold  in  the  form  of  a  brown  or  brownish-yellow  powder,  the  proto- 
sulphate of  iron  being  at  the  same  time  converted  into  sesquisulphate  and  sesqui- 
chloride : 

3Fe«S0*  +  Aua»  «  Fe«(SO*)«   +   Fe*Cl»   +   Au. 
The  gold  thus  precipitated  is  quite  destitute  of  metallic  lustre,  but  acquires  that 
character  by  burnishing. 

From  alloyH  of  gold  and  silver,  or  of  gold,  silver,  and  copper,  the  gold  may  be 
separated  l)y  the  action  of  strong  sulphuric  acid.  The  alloy,  ailer  being  granulated 
by  pouring  it  in  the  melted  state  into  water,  is  heated  in  a  platinum  or  cast-iron 
v«ssel  with  2  J  times  its  weight  of  sulphuric  add  of  specific  gravity  1-815  (66°  Baum^), 
the  heat  being  continued  as  long  as  sulphurous  acid  is  evolved.  The  silver  and  copper 
are  thereby  converted  into  sulphates,  while  the  gold  remains  unattacked.  The  solution 
is  boiled  for  a  quarter  of  an  hour  with  an  additional  quantity  of  sulphuric  add  of 
specific  gravity  1*653,  or  6S^  Baum^  (obtained  by  concentrating  the  add  mother- 
liquors  of  sulphate  of  copper  produced  in  tlie  operation),  and  afrerwards  left  at  rest 
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The  gold  than  teUles  down,  and  the  liquid,  after  being  diluted  with  water» 
ferrea  to  a  lejidcn  vessel  and  again  boiled  vith  sbe«t»  of  copper  immersed  in  it. 
^ver  i«  then  precipitated  in  the  raetallie  ffiate,  while  the  copper  is  convert^  h 
solphate,  and  disscuTes.  The  gold  d^posit^d  in  the  manner  abo^^e  deiNrnbed  ^ 
retains  a  amall  qnantitj  of  ^Irer,  from  which  it  is  separated  hy  treating  it  a  araa 
sad  a  third  time  with  atfODg  8idphuric  acid:  it  then  retains  onlj  0*005  of  ulv 
ThLe  proeeM  i»  not  applicable  to  alloys  containing  more  than  20  per  cent,  of  gak 
richer  alloys  mast  first  be  fused  with  the  i^iu§ite  qnentity  of  eilrer.  It  ia  »!pf^ 
on  the  lurgp  sealo  to  the  extraction  of  go1d«  chiefly  from  iUojs  which  contain  \ 
little  of  thiit  ntetalt  such  as  natire  silver  and  old  silver  ooinf^  mod,  as  now  prM^iei 
if  teoQomicallj  avaHable  even  when  the  amount  of  gold  does  not  eaioeed  one  pa 
iaSOOO. 

Some  sppcimene  of  Australian  gold  contain  2  or  3  per  cent  of  tin  or  aatiinmiy;  < 
both.  Gold  thus  alloyed  is  brittle^  and  DOt  fit  for  rolling.  The  best  mode  i 
r<?moving  the  tin  and  antimony  is  t-o  oxidise  them  by  fnsing  the  impure  gold  wit 
about  10  per  cent,  of  oiide  of  copper  and  a  small  quantity  of  borax :  a  periktJ 
malleable  gold  is  then  obtained,  eontaining  a  imaU  percentage  of  copper.  (W  arinj 
ton,  Chem,  Soe,  Qu,  X  xiii.  34.) 

Pr&ptrtie§, — Gk)!d  is  the  only  metal  of  a  yellow  colonr.  When  pnre,  it  »  moi 
malleable  than  any  other  metil,  and  nearly  as  soft  as  t^^L  Its  ductiUty  appesB  1 
have  scarceliy  a  limits  A  single  grain  of  gold  hns  been  drawn  into  a  wire  600  liBiSl  i 
length,  and  this  metal  is  besten  out  into  leaves  which  have  not  more  than  l-2UO,O00t 
of  an  inch  of  Ihickness.  The  ooatang  of  gold  on  gilt  silrcr  wire  is  still  tlidnaa 
Gold,  when  very  thin,  ia  transparent^  thin  gold  leaf  appearing  green  by  transmitfad 
light.  The  green  colour  passes  into  a  ruby-red  when  hlghlj  attenuated  gold  1 
heated:  in  the  red  gold-glass,  the  gold  is  in  the  metallic  state.    (Faradaj^) 

The  density  of  gold  varies  &am  19*258  to  19*367,  according  as  it  has  been  mofS  4 
k«s  c<3mpreMed,  Its  specific  heat,  referred  to  water  as  unity,  is  0324  (Kegnamlt] 
Its  hcAt-coaducting  power  (silver  -  100)  ia  63-2  (Wiedemann  and  IT  rant);  to 
its  electric  conducting  power  (silver  ^  100)  is  69*0  (RicssX  ^'^  (Becquefel' 
68-d(Lenz),  65'19ut  21  8^0.    (Matthiesaen.) 

Gold  melts  at  12O0=*  C.  (2192^  F.)  according  to  PouiUet :  at  1380<*  C  ' 
according  to  Guyton-Morvcau  ;  at  1425°  O.  (2596*^  F.)  according  to  Dam* 
tneCi  eonsiderably  on  becoming  solid.  Like  most  other  metals,  it  is  Tolatiir>  ui  hi^ 
feenpentltres.  It  was  formerly  supposed  that  the  heat  of  a  powerful  bnroing-giaM,  a 
of  the  oxy-hydrogen  blow-pipe,  was  required  to  volatilise  gold,  but  from  the  erped 
mcnts  of  Napier  (Chem,  Soc.  (Jn.  J,  x.  229 ;  ri  168]  and  Makins  {ibid.  li.  97),  i 
appenrs  llmL  the  Tolatilisation  takes  place  when  alloys  of  gold  and  silver  are  cqpelie 
vnib  lead  in  an  ordinary  muflHe-fumace.  Deposits  taken  from  the  chimnej  of  a  snal 
reverbatory  furnace  in  which  an  alloy  of  silver  and  copper  containing  a  very  sod 
proportion  of  gold  had  bei^n  cupeOed  almost  daily  for  months  toother,  ware  fonad  f 
contain,  on  the  average,  alx^ut  H  per  conL  of  sQver,  and  7'1  grains  of  gold  per  taal 
(8  OS.)  of  silver. 

(Jold  does  not  oiidise  or  tarnish  in  tJie  air  at  common  ten^teratiix^es,  or  even  wIm 
strongly  ignited,  but,  like  the  other  noble  metals,  it  ts  dissipated  and  perhaps  paitJ 
oxidised  when  a  powerful  charge  of  electricity  is  sent  through  thin  IcaTes  or  win 
of  it  (p.  396).  Gold  ts  not  dissolved  by  nitric,  bydrochlonc,  or  sulphitric  aei4t  < 
indeed  by  any  single  acid.  It  is  acted  upon  by  chlorine,  which  converts  it  im 
trichloride,  and  by  acid  mixtures,  such  as  nitromuriatic  acid,  which  evolvo  chloB 

Compounds  uf  Gold, — Gold  forms  two  serit^  of  compounds,  vis.  the  Aut 

founds,  in  which  it  is  monatomlc,  and  the  Aurie  eompGvnd^,  in  vhirh  it  is  1 
n  its  chemical  rektions  it  exhiliita  rather  a  chlorous  than  a  bas^doos  cbs 
that  its  oxides  t^^nd  to  unite  with  bases  rather  than  with  acids,  and  its  dblorides  i 
iodides  readily  fonn  double  salts  with  the  chlorides  and  iodides  of  the  more  basjioq 
metals. 

GCI^Hi  allots  UF'.     Gold  unites  with  nearly  all  metals ;  bnt  its  i 
taat  alloys  are  thosfl  wliich  it  forms  with  siltfer  and  eopptr.      Gold  which 
ooina,  watches,  articles  of  jewelk-ry,  Sec,  is  always  alloy im3  Trith  copper,  to  inc 
hwrdnesB,  pare  gold  being  much  too  soft  for  any  of  these  purposes.     The  s( 
eoin  in  the  United  Kingdom  is  11  gold  with  I  alloy;  in  1' ranee  and  the  Ua 
of  America,  9  gold  to  1  alloy.     For  articles  of  jewellery  gold  is  also  fiequei^ 
with  silver,  which  gives  it  k  lighter  colour.     The  alloys  of  gold»  both  with  l__ 
with  copper,  are  more  fusible  than  gold  itself.     Thw  eolder  used  for  gold  trin^ 
composed  of  6  parts  gold  and  1  part  copper,  or  of  4  parts  gold,  1  part  ooppet;  < 
part  silver. 

It  has  alroadybeen  observmi  (p.  925)  that  native  gold  ahnost  always  oontuas  aihvi 
vazying  in  proportion  fix>m  0*2  to  02  percenU    ThsiMrttsiof  the  andcaats  is « 
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alloy  of  gold  and  silver,  containing,  according  to  Klaproth,  667  per  cent  gold,  or  2  gold 
to  1  silver. 

Amalgam  of  Gold, — Gold  unites  readily  with  mercury,  forming  a  white  amalgam  ; 
the  smallest  quantity  of  mercurial  Tapour  coming  in  contact  with  gold  is  sufficient  to 
turn  it  white.  Mercury  is  capable  of  dissolving  a  large  quantity  of  gold  without 
losing  its  fluidity,  but  when  quite  saturated  it  acquires  a  waxy  consistence.  When  the 
liquid  amalgam  is  strained  through  chamois-leather,  mercuty  passes  through,  together 
with  a  very  small  quantity  of  gold,  and  there  remains  a  white  amalgam,  of  pasty  con- 
sistence, containing  about  2  parts  of  gold  to  1  part  of  mercuiy.  By  dissolving  1  part 
of  gold  in  1000  parts  of  mercury,  pressing  through  chamois-leather,  and  treating  the 
residue  with  dilute  nitric  acid  at  a  moderate  heat,  a  solid  amalgam,  Au'Hg", 
is  obtained,  which  ciystallises  in  shining  four-sided  prisms,  retains  its  lustre  in  the  air, 
is  not  decomposed  by  boiling  nitric  add,  and  does  not  melt  even  when  heated  till 
the  mercury  volatilises.     (T.  H.  Henry,  Phil.  Mag.  [4]  ix.  468.) 

A  native  amalgam  of  ^Id,  Au'Hg*,  is  found  in  small  yellowish  cirstals  of  specific 
gravity  15*47  in  the  native  mercuiy  of  Mariposa  in  Cdifomia  (gold,  39*02 — 41*63 
per  cent,  mercury,  60*98 — 58*37).  An  amalgam  of  gold  and  silver  is  found  in  small 
white  soft,  grains  accompanying  platinum,  at  Choco,  New  (Granada.  It  contains  38*39 
per  cent,  gold,  5*00  silver,  and  57*40  mercury,  agreeing   nearly  with  the  formula 

(f^yflg*.    {Rammelsber^s  Minerakhmie,  p.  10.) 

Gilding. — The  pasty  amalgram  of  2  parts  of  gold  and  1  part  mercury  is  used  for 
gilding  ornamental  articles  of  copper  and  bronze.  The  surface  of  the  object  is  first 
thoroughly  cleaned  by  heating  it  to  redness,  then  plunging  it  into  dilute  sulphuric 
acid,  and  sometimes  for  an  instant  also  into  strong  nitric  acid;  it  is  then  amalgamated 
by  washing  it  with  a  solution  of  nitrate  of  mercury,  and  afterwards  pressed  upon  the 
pasty  amalgam,  a  portion  of  which  adheres  to  it.  The  mercury  is  then  expmod  by 
heat,  and  the  gold-surface  finally  polished.     Silver  may  be  gilt  by  similar  processes. 

Articles  of  copper,  chiefly  copper  trinkets,  are  also  g^ilt  by  immersion  in  a  boiling 
solution  of  chloride  of  gold  in  an  alkaline  carbonate,  after  having  been  cleaned  by 
processes  similar  to  those  just  described. 

But  the  process  now  most  gjenorally  adopted  is  that  of  electro-gilding^  which  is  per- 
formed by  immersing  the  objects  to  be  gilt  in  a  solution  of  10  parts  of  cyanide  of 
potassium  and  1  part  of  cyanide  of  gold  in  100  parts  of  distilled  water,  and  con- 
necting them  with  the  negative  pole  of  a  voltaic  battery,  while  the  positive  pole  is 
connected  with  a  bar  of  gold  also  immersed  in  the  liquid.  The  solution  is  then 
decomposed  by  the  current,  the  gold  being  deposited  on  the  objects  at  the  negative 
pole,  while  the  gold  connected  with  the  positive  pole  dissolves  and  keeps  the  solution 
ut  a  nearly  uniform  strength.  (See  Cyanides,  p.  213.)  The  cyanide  of  potassium  in 
the  solution  is  sometimes  replaced  by  ferrocyanido  of  potassium,  and  the  cyanide  of 
gold  by  scsquioxide  of  gold,  chloride  of  gold  and  potassium,  or  sulphide  of  gold ;  but 
the  composition  above  given  is  that  which  is  most  generally  adopted.  This  mode  of 
gilding  may  be  at  once  applied  to  copper,  brass,  bronze,  silver,  or  platinum.  To  gild 
iron,  steel,  or  tin,  it  is  necessary  first  to  deposit  a  layer  of  copper  on  the  surface,  which 
is  effected  by  immersion  for  a  few  seconds  in  a  bath  of  cyanide  of  copper  and 
potassium.    (See  Urt^s  Dictionary  of  Arts,  ^c,  art  Elsctbo-Mbtallubot,  ii.  95.) 

CKIUOff  BROBKZBS  OVt  AuBr*,  is  produced  b^  dissolving  gold  in  bromine- 
water,  or  in  a  mixture  of  nitric  and  hydrobromic  acids.  It  greatly  resembles  the 
trichloride,  crystallises  with  tolerable  facility,  and  forms,  with  the  more  basic  metallic 
bromides,  a  scries  of  double  salts  called  bromo-aurates,  e.  g,  bromo-aurate  of  potassium, 
Ka.AuBr». 

OO&lIt  CB&0&IBB8  OVa  The  Protochloride^  or  Aureus  chloride, 
AuCl,  is  obtained  by  evaporating  a  solution  of  the  trichloride  to  dryness,  heating  the 
residue  to  about  the  melting  point  of  tin,  and  constantly  stirring  it  as  long  as  chlorine 
is  evolved.  It  is  a  white  saline  mass,  having  a  tinge  of  yellow,  and  quite  insoluble  in 
water.  In  the  diy  state  it  is  permanent^  but  in  contact  with  water,  it  is  resolved — 
graduallv  at  ordinary  temperatures,  instantaneously  at  the  boiling-heat— into  metallic 
gold  and  the  trichloride. 

Trichloride  of  Gold  or  Auric  Chloride,  AuCl". — ^This  compound  is  formed 
when  gold  is  dissolved  in  nitromuriatic  acid.  The  solution  is  yellow,  and  becomes 
paler  with  an  excess  of  add,  but  is  of  a  deep  red  when  neutral  in  composition.  It  is 
obtained  in  the  last  condition  by  evaporating  the  solution  of  gold,  till  the  liquid  is  of  a 
dark  ruby  colour,  and  begins  to  emit  chlorine.  It  forms  on  cooling  a  dark  red  crystal- 
line mass,  which  deliquesces  quickly  in  air.  But  the  only  method  of  procuring  auric 
chloride  perfectly  free  ftom  acid  salt,  is  to  decompose  aurous  chloride  with  water.  An 
acid  chloride  of  gold  or  chloride  of  gold  and  hydrogen,  crystallises  easily  fh>m  an  add 
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Boltitirtn,  in  lonip:  ni»«nps  of  a  palp  yello'v  colour,  "which  are  pcnnABetkt  in  diy  war,  Imt 
run  luto  ft  liquid  in  damp  air*  The  solution  of  this  mU  ((miiniLnr  gold-solatioa)  d^ 
ptmii*  gold  on  it^  surface,  and  on  the  side  of  the  ressel  tArned  to  the  U^U  Tb«  gold 
U  alfto  precipitated  in  the  metnllic  atat«  by  phc*phorta,  by  most  mei^^  lyyfirfwu  tmlu, 
by  iirmnov*  and  aniimoniov^  acids,  and  by  many  vegetabl€  and  ammai  0uUtaMCi*,  hj 
ftftfttiiblr  acids,  by  nxnlatt  of  potastiumt  &c.,  carbonic  anhydride  then  tticTif  • " '^  ^  "Mf* 
drieacid  and  sufphid*  of  ammomwrn  thro^  down  black  sulphide  of  i:  ii'ia 

t¥xc«8S  of  thi*  latter  reagent.     Ammonia  and  carbonate  of  ammofiium  pi-  How 

precipitate  of  fulnHnating  gold.  Potash  added  in  exet^aa  forms  no  precipiua^  naW  it 
coniaina  organic  niattor,  in  which  case  a  slight  precipitate  of  anroua  uxid6  i«  pmdoffd. 
Cyamd€  of  potassium  pro<luccs  a  yellow  precipitate  soluble  in  exctaa.  Ferrocyamid§  9/ 
"     num  coloun  the  aolution  ^merald-gjeen.     Shmnrms  chloride  prodnoes  a  F^P^ 


or  brown  precipitate  (pnrple  of  Coaaiua),  rarying  in  colour  according  to  the  ttraiu|Ch  «l 
thif  RfJutions  and  the  propoKiona  in  which  they  are  mixed*  Thi«  reactii^n  wiU  ixSusrt* 
by  a  faint  colouring  the  presence  of  1  pt  of  ^Id  in  64,000  pt*.  of  licjuid.  JVieMleMt  t>f 
antimony  produces  a  ahining  yeUow  predpitat«  of  metallic  gold.  Iodide  of  pdammm 
colours  the  liquid  bhick,  and  then  throws  down  a  greeniah  precipitate  of  auric  iodidr. 
Tincture  of  galh  throw*  down  metallic  gold. 

Trichloride  of  gold  la  soluble  in  elhcr  and  in  some  essential  oils.  It  unitea  with  moa! 
other  chlorides,  forming  double  salts  called  chloro-a urates,  whidi  aw  ahnoat  aU 
onmge-eolourtd  when  cryatalli«ed ;  in  t'fHor**8cing,  they  acquire  a  lernon-yellow 
but  in  the  anhydrous  state  thoy  are  of  an  intonse  red.  They  are  obtained  bj 
rutbg  the  mixed  solutions  of  the  \^o  salts, 

Chioro-aurate  of  potassiu/fh  2(KCl.AuCl*).5H*0,  crystallises  in  ftriattd 
with  right  summits,  or  in  thin  hexagonal  tables,  which  are  very  efflorescent ;  it  becoiQ«a 
anhydrous  at  IWP  C.  The  anhydroTils  salt  fuses  readily  when  heat^  but  Icsit 
chlorine  and  becomes  a  liquid,  which  is  black  while  hot,  and  ytllow  when  ojld.  It  is 
then  a  compound  of  aurous  chloride  with  chloride  of  pota&«iium.  Chi^ro^attrmtit  ^ 
ommommn  crystallises  in  transpansnt  prismatic  needles,  which  become  opaque  in  tar. 
Johnston  found  their  composition  to  bo  NH*Cl.AuQ'.HH).  Chl<fn>*aurtUt  pf  awlwi 
crjetitlUBes  in  long  four-sided  priams,  and  is  permanent  in  air.  Its  compOBttioa  is 
K'iCl.AuCl',2H'0.  BonsdorfF  has  prepared  similar  double  salts  with  th#  ckktidt* 
of  harimn,  strmitium,  calcium,  magnmum,  munganeit,  sine^  cadmium,  coheU^  aadiiieM 
The  calcium-salt  contains  three,  and  the  magueHium^salt  six,  atoms  of  water. 

Trichloride  of  gold  likewise  forms  crj'stalline  double  salts  with  the  hydpochloratr«  d 
many  organic  bases,  e,  p.  chl^yro-anrait'  of  (tkylaminf,  CH^NJiCI^AuCl';  and  thsia 
gold-salts  are  in  many  instances  more  convenient  than  the  corresponding  platinaat* 
salts  for  ftxing  the  eom[>ositioii  of  the  organic  base,  because  thej  atv  leas  liable  tu 
d  rerun  jk  tsit  ion .     (Ho  f  ni  u  n  n . ) 

G0I>1>,  CTAarxsms  07.     (See  CTAjni»B»»  p.  212.) 

ai>lil>,    DSTSCTIOir    aXUt   SSTZMATXOS'    or.      l.  Beaetim*.' 
compounds  hi  atod  on  cliarcoal  witli  bonix  or  4-arbnnatc  of  sodium  in  the 
yield  a  yellow,  Tery  malleable  button  of  mttAllic  g^ild. 

For  the  reactions  of  gold  in  solution  see  Trithhridf  of  Gold  above. 
2.  Estimation  and  Separation. — Gold  is  alwriys  t^stimated  in  the  metalb'c  fltatft  It 
is  generally  precipitated  from  its  solntion  in  nitwmuriatio  add  by  prtttosvlpAaJt  */ 
tro«  or  oxalic  acid.  Protosulpbate  of  iron  throws  down  tJie  gold  in  the  form  of  a  fins 
brown  powder  If  the  gold-solution  is  quite  neutral,  it  must  be  first  aciduUted  with 
hydrochloric  acid :  otherwise  the  precipitated  gold  will  be  contaminated  with  fem6 
oxide  formed  by  the  action  of  the  air  on  tlie  ferrous  sulphate.     If  ^^  '  '      '  'i.a 

contains  much  free  nitric  aWd,  there  is  a  risk  of  some  of  the  preci  ii* 

redissolTed  by  the  nitrorouriatic  acid  presont.    To  prevent  this,  the  .  x  .  _..  .  _  ^cid 

must  l>e  destroyed  by  adding  hydrochloric  acid  and  boiling,  before  the  imi-iMlvtiQa  ii 
added.  Oxalic  add  reduces  gold  slowly  but  completely;  the  gold-sohitioo  miiil  bt 
dig**stjed  with  it  for  24  or  48  hoiu?s. 

These  methods  of  precipitation  serre  to  separate  gold  ^m  most  other  motahk  la 
sucli  cases,  oxalie  acid  is  mostly  to  be  preferred  as  the  precipitating  agiQt,  b«cs1lv^ 
when  the  quantities  of  the  other  metals  are  also  to  bo  determined,  th«  pMMneiof  a 
lurgo  amount  of  iron  in  solution  IjS  very  inconvcniont. 

The  sejiiiration  of  gold  in  alloys  may  generally  be  cflFeeted  by  diaaolring  out  tha 
baser  metals  with  nitric,  or  sometimes  with  hydixKihloric  or  sulphuric  acidiT  When, 
howcTpr,  the  proportion  of  gold  is  considerable,  it  may  happen  thot  the  alloy  is  bal 
TciT  riowly  Attacked  by  nitnc  add,  especially  if  the  other  metal  be  silyer  or  lead.  In 
such  a  case,  it  is  be^t  to  treat  the  alloy  with  nitromuriatic  acid,  and  pr  ^*' 

gold  with  oxalic  acid.     Or,  again,  the  alloy  may  be  fused  with  a  known  v,  I 

or  lilrer,  as  in  the  method  of  qtiartatjon  (p.  923),  and  thereby  renderwl  dec^j^^  ...:.^..  Ly 
nitric  add.    To  seponito  gold  &om  ^n,  H.  Ho  so  (Pogg.  Ann.  cxii  im)  boila  thft  tfot^ 
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diTided  alloy  with  rather  strong  sulphuric  acid  mixed  with  hydrochloric  acid ;  heats 
the  liquid  till  the  acid  is  partly  rolatilised ;  precipitates  with  water ;  and  dissolves  out 
the  stannic  oxide  by  means  of  strong  hydrochloric  acid,  the  gold  then  remaining. 

The  analysis  or  assay  of  an  alloy  of  gold  and  copper  is  usually  made  by  cupellation 
with  lead.  The  weight  of  the  button  remaining  on  the  cupel  gives  directly  the 
amount  of  gold  in  the  alloy  after  certain  corrections.  Alloys  containing  both  silver 
and  copper  are  cupelled  with  lead  and  a  quantity  of  silver  sufficient  to  bring  the 
proportion  of  gold  and  silver  in  the  alloy  to  1  pt.  gold  and  3  pts.  silver.  The  button 
obtained  by  cupellation  then  consists  of  an  alloy  of  gold  ana  silver,  from  which  the 
silver  may  be  dissolved  out  by  nitric  acid.     (See  Gold-assat,  p.  932.) 

Small  ornamental  articles,  which  would  be  destroyed  if  submitted  to  any  of  the 
preceding  processes,  are  approximately  assayed  by  rubbing  them  on  a  peculiar  kind  of 
black  stone,  called  the  toticnstone,  so  as  to  leave  a  streak  of  metal,  the  appearance  of 
which  may  be  compared  with  that  of  similar  streaks  produced  from  alloys  of  known 
composition.  A  further  comparison  is  obtained  by  examining  the  appearance  which 
the  streaks  present  when  treated  with  acids.  This  method  is  also  sometimes  used  in 
the  assaying  of  coins,  to  afford  an  indication  of  the  quantity  of  silver  required  in  the 
cupellation.  The  touchstone,  which  is  a  peculiar  kind  of  bituminous  quartz,  was 
originally  obtained  from  Lydia;  but  stones  of  similar  quality  are  now  found  in 
Bohemia,  Saxony,  and  Silesia. 

3.  Atomic  weight  of  gold. — ^Beizelius  determined  the  atomic  weight  of  this  metal : 
1.  By  precipitating  it  from  the  trichloride  with  metallic  mercury.  In  two  experiments, 
9*355  pts.  gold  were  precipitated  by  14*29  pts.  mercury,  and  6557  pts.  gold  by  995 
mercury.  Assuming  Hg  —  100,  and  calculating  from  the  equation  AuCP  +  3Hg  » 
SHgCl  +  Au,  the  mean  of  these  results  gives  for  the  atomic  weight  of  gold  the  number 
198*25. 

2.  By  the  analysis  of  chloro-aurate  of  potassium,  KClAuCl'  (Berz.  Jahresb. 
zxy.  41).  The  salt  was  reduced  by  ignition  in  a  stream  of  hydro^n  ;  the  residue  of 
gold  and  chloride  of  potassium  was  weighed;  the  chloride  of  potassium  then  dissolved 
out  by  water ;  and  the  weight  of  the  gold  determined.  Assuming  the  atomic  weight 
of  chloride  of  potassium  to  be  74*5,  the  mean  of  five  experiments  gave  for  gold  the 
number  196*32. 

Levol  (Ann.  Ch.  Phys.  [3]  xxx.  355)  determined  the  atomic  weight  of  gold  by 
dissolving  a  weighed  quantity  of  the  metal  in  nitromuriatic  acid,  remoring  the  nitric 
acid  by  repeatedly  boiling  down  the  solution  with  hydrochloric  acid,  then  passing 
sulphurous  acid  gas  through  it,  and  precipitating  the  resulting  sulphtCric  acid  with  the 
solution  of  a  barium-salt;  3  at  sulphate  of  barium  thus  produced  correspond  to  2  at. 
gold,  thus : 

2Aua'  +  3S0»  +  6H»0  =  Au«  +  6Ha  +  3H«S0*. 

From  1  gramme  of  gold  Levol  obtained  1*782  Ba-SO*,  whence,  if  Ba'SO*  =  116-48, 
the  atomic  weight  of  gold  is  found  to  be  very  nearly  196,  which  is  the  number  now 
generally  adopted 

CK>£]>«  ZOBZOB8  OV.  Aurous  Iodide,  Aul,  is  formed  by  the  action  of 
hydriodic  acid  on  auric  oxide,  water  being  formed  and  two-thirds  of  the  iodine  set  free: 

Au«0»  +  6HI  =  2AuI   +   3H'0  +  2I«; 
also  by  adding  iodide  of  potassium  in  equivalent  proportions,  ani  in  successive  small 
quantities,  to  an  aqueous  solution  of  auric  chloride : 

Aua«  +   3KI  «  Aul   +   3Ka  +   l\ 
It  is  a  lemon-yellow  crystalline  powder,  insoluble  in  cold  water,  and  very  sparingly 
soluble  in  boiling  water. 

Auric  Iodide^  Aul',  is  formed  by  graduaUy  adding  a  neutral  solution  of  auric 
chloride  to  a  solution  of  iodide  of  potassium.  The  liquid  then  acquires  a  dark  green 
colour,  and  yields  a  dark  green  precipitate  of  auric  iodide,  which  redissolves  on  agita- 
tion ;  but  after  1  at.  of  the  auric  chloride  has  been  added  to  4  at  iodide  of  potassium, 
a  farther  addition  of  the  gold-solution  decolorises  the  liquid,  and  forms  a  permanent 
precipitate  of  auric  iodide,  because  the  iodide  of  gold  and  potassium  at  first  produced 
IS  thereby  decomposed.     The  successive  actions  are  represented  by  the  equations : 

4KI  +  AuCP  -  3Ka  +  KI.AuI»;  and  3(KI.AuI«)  +  AuCl>  -  3KC1  +  4AuI». 

Auric  iodide  is  a  yeiy  unstable  compound.  When  exposed  to  the  air  at  ordinaiy 
temperatures,  it  is  gradually  converted  into  yellow  aurous  iodide,  and  afterwards  into 
metallic  gold.  It  combines  with  hydriodic  acid,  and  with  the  more  basic  metallic 
iodides,  forming  double  salts,  called  iodo^urates :  MI.  Aul". 

The  potassium'salt,  KI.Aul",  produced  by  dissolving  auric  iodide  in  aqueous  iodide 
of  potassium,  or  by  adding  1  at.  auric  chloride  to  4  at.  iodide  of  potassium  in  solution 
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and  leariag  the  liquid  to  dTBtaUue,  farmB  loDg»  Blender,  black,  four^sided 
dihedral  summits,  and  having  the  lateral  faeea  striated;  tbey  hare  a  bI 
and  are  opuqu©  even  by  caofie-li^ht-  They  ^to  off  iodine  when  heated,  and 
a  skeleton  of  gold  together  with  iodide  of  potawiiini.  In  pnro  water  they  diiMlfv^ 
partial  d«^»mposition ;  aqaeoue  bydriodic  add  and  iodide  of  potaaoiiim  disiolw 
perfectly, 

aoUDt  M^mrBK£lC«  A  braaa  eontaining  about  4  parta  copper  to  1  pazt 
(See  Coffer,  Ai^loys  uf,  p.  47.) 

(IOXi]l«  ACOSa^Ct  An  alloy  of  copper  and  cine  oontaiotuff  aboGt  equal  pai 
the  two  ineUiL^.  (See  Coppeii,  Allots  of,  p.  47;  also  Ur/^t  IHc^lamawy  ^ 
fc.  ii.  398.) 

Oa&Bt  SCSTiLXiXttntCIT  OPi  See  p.  923,  and  for  farther  detaili^  TMm 
tionarp  of  Art.^,  ^c,  il  396, 

<M)Xi]>f  OStZUBS  OF.  Aurou»  Oxide^  Aii*0,  is  obtained  as  a  green  poi 
by  drcrjn>t»uiiing  auric  chloride  with  cold  potash-iolntion.  It  ifi  parUj  diaaolTEo  bg 
afkalu  and  soon  begins  to  docompotie,  being  roiolTed  into  auric  oxide  and  «>»f»llif  ( 
which  IS  deposited  im  the  Bides  of  tho  Touel  aa  a  thin  film,  appearing  greea  by  ti 
laitted  lights  like  gold-leaf. 

Auric  Oxide,  Au*0*. — This  oxide  ia  precipitated  ftom  the  aolution  of  the 
chluriile  by  alkalis :  but  the  precipitate  always  retains  a  portion  of  tlio  alkali,  tri 
is  difficult  to  remove.  A  gooa  mctfaod  of  preparing  it  is  to  dif^cst  magoeata  or  oi 
of  riuc  in  the  solution  of  the  chloride^  and  deeompoee  the  resulting  magnesium  or 
compound  with  cold  nitric  acid  (Pelletier).  Fremy  (Ann.  Cb-  Phys.  [3j»  T^ryi  { 
recommcndA  the  following  process; — Tho  solution  of  the  trichloride  ia  mi:Ged  wi 
snfflcicnt  qiiantity  of  potusu  to  rediesoWe  the  precipitate  first  produced,  and  boOid 
a  quurter  of  aa  hour,  whereupon  the  liquid,  which  is  at  first  dark  brown*  gradn 
aseumes  a  yellow  tint;  sulphuric  add  is  then  add fd in  alight  excess;  and  the  ivcaU 
precipitate  is  collected  on  a  filter,  and  washed  with  water  till  the  waali- water  no  kM 
gives  a  precipitAte  with  barium-salts.  The  precipitate  consists  of  auHe  oxidii  ! 
first  uddition  of  the  potash  conrerta  the  chloride  of  gold  into  an  oxychloridi^  ^ 
\\wn  f  »rnis  a  ^luble  compound  with  the  potush  ;  and  if  the  solution  be  treated  wHk 
at^id  without  prenans  boiling,  a  precipitate  is  obtained  eonaistiiig  of  the  oa^chkv 
which  may  be  distinguished  from  the  uuric  oxide  by  dtssolTing  alowlv   v..,t  *  ' 

in  pure  water.     It  is  only  by  contiuued  boiling  tbit  the  compound  > 

with  potash  is  convertetl  into  the  uurate  of  potassium,  the  convert]  

with  the  change  of  colour  above  noticed.  Tho  auric  oxide  obtained  in  the  maiuMr 
dcecribinl  is  not  quite  free  from  potash,  cTen  after  long-continaed  washing.  It  l 
be  ptirifli»d  complct<*ly  by  treating  it  with  reiy  strong  nitric  adtl»  whidi  dUasclfl 
rca^lily — mixing  the  solution  with  wat^^r,  which  immediately  precipitates  the 
— and  Wttfihing  the  precipitate  thoroughly  with  pure  water. 

Auric  oxide  drittd  at  100°  C.  is  a  brown-blaclt  powder,  or  a  brown  taai 
conchuTdal  fracture.  When  exposed  to  lights  particularly  to  the  dirr^rt  i«n  of 
sun,  it  is  very  quickly  red ueod.  It  is  also  decomposed  by  an  incipient  r«Ki  h<wt»  Bfl 
chloric  acid  is  the  only  acid  which  diaaolTOS  and  retains  this  oxide,  and  then  tridiMi 
of  p)ld  is  formed.  It  is  dissolved  by  concentrated  nitric  and  snlphnric  acids,  hot  ] 
cinituted  from  these  sohitions  by  water.  On  the  other  hand,  it  posaesaea  di^ridf^l  J 
relations,  its  affinity  for  alkaline  oxides  being  so  great  that,  when  boiled  in  a  sola 
of  chloride  of  potassium,  it  is  dissolred,  the  liquid  becomes  alkaline^  and  amr^ii 
polasmtm,  K^O.Au'O*,  or  AuKO*,  is  formed.  The  aurntes  of  the  alkali^metals 
alkaline  earth-metals  are  nearly  colourless,  and  ore  not  deoompo»ed  br  water. 

Auratt  of  ammonium.  Fulminating  ffofd, — When  a  solution  of  gold  is  predpiti 
by  a  small  quantity  of  ammonia,  a  powder  of  a  defp  yellow  colour  is  obtained,  vl 
is  a  compound  of  aurato  of  ammonium  with  a  portion  of  tho  trichloride  of  gokL  1 
compound  explodes  by  heat,  but  the  detonation  is  not  strong.  Bat  when  Uia  ioloj 
of  ^old  is  treated  with  an  excess  of  ammonia,  and  the  precipitate  well  waab«4 
ebullition  in  a  solution  of  ammonia,  or  belter  in  water  containing  potash.  tlt^^^M 
uatitig  gijld  has  a  yellowish-brown  colour  with  a  tinge  of  purple,  and  wl||^| 
expltides  Toiy  easily  wiLli  a  loud  ropDrt,  accompanied  by  a  feeble  fiame.  ^t^^H 
exploded  by  a  heat  a  little  above  the  boiling  point  of  water,  or  by  the  Wow^ 
hammer.  Ita  composition  has  not  been  exactly  determined,  but  if  the  aniflKinii 
present  in  double  the  proportion  that  would  contain  tho  hydrogen  neceasaiy  to  bi 
tho  oxygen  of  the  auric  oxide,  which  Benselius  considers  probable,  its  ooiiatita« 
may  be  Au{NH*)0«.NH'  or  AuH0^2NH*.  The  affinity  of  aurio  oxide  ^  ammti 
is  80  great,  that  it  tiikes  that  alkali  from  all  adds.  Thus,  when  auric  oxide  ia  digei 
in  sulphate  of  ammoutum,  fulminating  gold  is  formed,  and  the  liquid  l»ei(;«>iiMa     * ' 

AuraH  of  poUt4sium,  K^OAn^OlQTPO,  or  AuK0'.3lP0,    is    o>n«jned  ' 


^ 


karoi 


GOLD  :   OXYGEN-SALTS  —  SULPHIDES.  93 1 

erptaHine  statue  hj  OTapor&iiDg  a  solution  of  atmc  acid  m  a  uLight  excess  of  pure 
potaflh^  first  over  the  open  £ro  and  afterworda  m  racuo :  the  cryvtalB  may  bo  frr^ed 
{roni  adhering  potash  by  recryatailiaation  from  water,  then  drainfid  on  unglozed 
poroplain  and  dried  in  vacuo.  Anrate  of  potasaiam  is  y^  soluble  in  water,  and  fomia 
a  jpllciirish  strongly  aikEline  solution,  which  is  dGoompoeed  by  nearly  all  organic  bodies, 
the  gold  being  precipitated  in  the  metnalUc  state :  it  u  also  decomposed  by  heat.  With 
most  metallic  ^ts  it  forma  precipitates  of  aurates,  which  are  insoluble  in  water,  but 
Bolttble  in  exoesa  of  the  precipitant ;  thus,  chloride  of  caleinm  forms  a  precipitate  of 
a  urate  of  calcium,  soluble  in  ezcees  of  chloride  of  caleinm.  Tha  solution  of  aurate 
of  potassium  may  be  used  aa  a  bath  for  electro-cilding. 

AurosidpMU  of  Potfunum,  AuKO»4KHS5'.iH*0»  is  deposited  in  beautiful 
yellow  needles  when  sidphite  of  ^tassium  is  added  drop  b^  drtjp  to  an  alkaline  solu- 
tion of  aurate  of  potassium.  It  is  nearly  insoluble  in  alkaline  solutionSj  but  diasolvcs 
with  decomposition  m  pure  water,  e^ecialiy  if  bot^  giving  off  t^ulphurou^  anhjdride  and 
depositing  metallic  gold.  Acids  decompose  it  in  a  flimilar  manner.  After  drying  in 
vacuOf  it  m^j  he  pireserved  for  two  or  three  months,  in  well  closed  bottles,  but  ulti- 
mately decompoeeSt  giving  off  sulphurous  anhydride,  and  Ic'Aving  metallic  gold  and 
sulphate  of  potassium.  The  same  decompositiou  takes  place  more  quickly  when  the 
salt  is  heated.     (FrSmy,  Ann.  Cb.  Pharm.  in.  315.) 

Apurpie  oxide  of  ^ad,  intermediate  iu  composition  between  the  protoxide  and  tri- 
oxide,  probably  AuO.  is  produced  by  the  action  of  certain  reagents^  e.  a.  dichlorido 
of  tin  and  organic  aubstances  on  solutions  of  gold.  Chloride  of  gold  stains  the  skin 
purple,  probably  in  consequence  of  the  formation  of  this  oxide. 

CK»%I»,  OXYaSM'-SAXfTS  07.  The  oxides  of  gold  show  but  little  tendency  to 
unite  with  oxygen-acids.  The  trioxide  dLSsolves  in  strong  nitric  acid,  but  the  solution 
is  decomposed  by  eTaporation  or  dilution.  Two  doable  hyposulphites  of  gold  and 
sodium  are  known :  fQtn\*   > 

Sodio^uroua  H^poxulphiU.    Au^O*.3Na»S'0».4H«0,  or  g*^,^^, f 0\2H*0.— This 

salt  is  prepar^  by  mixing  ooncentnited  solutions  of  trichloride  of  gold  and  hyno- 
ndphite  of  sodium,  and  precipitating  with  aloohoL  When  purified  by  repeated  solu- 
tion in  water  and  precipitation  hj  alcohol,  it  Jbrma  delicate,  colourless  needles.  It 
has  a  sweetish  taste^  is  yer^  soluble  in  water,  but  sparingly  in  alcohol.  It  is  dc» 
composed  by  heat  and  by  nitric  add,  with  deposition  of  metallic  gold.  Its  solution 
gives  a  blackish  precipitate  with  sulphydrie  acid  and  aoluble  sulphides.  The  preaencw 
of  gold  in  this  solution  is  not  indicated  hj  ferrous  stilphate,  stannous  chloride,  or  oxalic 
acid ;  and,  on  the  other  hand,  sulphuric  acid,  hydroehloric  acid,  and  the  TegeUtble 
adds,  neither  precipitate  sulphur  nor  expel  sulphuroua  acid  from  it.  When  mixed 
with  chloride  of  barium^  it  yields  a  gelatinous  predpitate  of  harffto-oMrou*  hypt*^ 

$ulpMtet   containing     4  i  J  j  0*.     Sulphuric  acid  removes  all  the  baryta  from  this 

salt^  and  learea  hydratad  aurous  hi/posuiphite,  which  is  uncrystallisable,  strongly  acid, 
and  tolerably  stable  at  ordinary  temperatures.  The  solution  of  the  sodium-salt  is 
ujted  for  fixing  daguerreotype  pictures.  (Fordos  and  Oil  is,  Ann.  Ch.  Phys. 
[3]  xiii.  394.) 

A  aodio^auric  kyp&ndpkUe  appears  also  to  be  formed  by  dropping  a  neutral  solution 
of  chloride  of  gold  into  aqueous  hyposulphite  of  sodium.   (Fordos  and  Gel  is.) 

OO&Hv  rsbsPaiBB  of*  Gold  unit^fl  readily  with  phosphorus  by  the  dry 
way,  forming  a  pak  \'*^llow  compound  more  fusible  ihaii  gold.  Phospburetted  hydro- 
gen paaaeil  into  a  f-olutioo  of  gold  forms  a  precipitate  of  metallic  gold,  which  then 
absorbs  pho«phuretted  hydrogen,  and  changes  to  a  black  non-metallic  mass  containing 
phosphorus. 

OO&n*  fitrXiPazxi£B  or.  Aurow  Stdphide^  Au^,  is  formed  when  enlphydrio 
acid  gas  is  passed  into  a  iKiiitng  solution  of  the  trichloride  of  gold.  It  is  dark-brown, 
almost  black.  Aurous  sulnliide  combines  wiUi  llie  proto»ulpnidea  of  potassium  and 
sodinm,  forming  double  salts  containing  1  nt,  of  aurous  sulphide  with  1  at.  of  the 
alkaline  sulphide.  The  sodium-salt  is  obt^iin*?<l  by  fusing  together  2  at,  protosulphido 
of  iodium,  1  at.  gold,  and  6  at.  sulphur;  digesting  the  &ea  mass  in  water;  filtjpring 
the  yellow  solution  in  an  atmotspnere  of  nit^^^en ;  and  concentrating  in  vacuo  over 
sulphuric  acid.  Yellow  crystals  are  then  obtained,  having  the  form  of  oblique  hex- 
agonal prisms  with  trilateml  or  quadrilateral  summits,  and  containing  NaAu8/2HK>. 
They  are  soluble  in  water  and  aloohol.  The  potaMium-salt,  which  is  obtained  in  a 
similar  manner,  forms  indistinct  crystals.    (CoL  Yorke,  Ghem,  Soc.  Qn.  J.  i.  236.) 

Auric  Suiphidf^  Au'S*^  is  formed  by  passing  sulphydric  add  gas  into  a  cold  dilute 
solution  of  gold.  It  is  a  flocculcnt  substance  of  a  strong  yellow  colour,  which  becomes 
deeper  by  £ying;  it  loses  its  sulphur  at  a  moderate  heat^ 
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OOXtik,  TEXiXiirKZi>s  OTt  PrecipitJited  on  mixing  a  eolution  of  mxaie  dik 
with  t^Uurhydric  ACid  or  tpllurideof  poiitMiam.  It  likerwifle  rpnifuns  bm  n  gn»j,  \m 
emily  fusible  mass,  when  auric  snlphoteUurite,  An*reS\  is  Leat49<L     (Ber2enu&] 

G^X*I>-il.nEA^GA]IK.     See  page  927. 

OOi*i>-ASSiLT.    A  description  of  the  common  prooesBes  of  anaying,  and  d 

fumrici^B  uini  other  iustraments  employed^  will  be  found  in  Ur^9 XHctionary  9/  Afi^ 
(article  Assaytno),  in  MiickflVM  Manunl  of  Assaj^in^,  FkiUip^  Mffa/lvfyy^  mndm 
other  works.  We  pro[»os«?  hero  to  confioe  ourselves  to  a  tamewhiit  detftifed  acMoon 
the  goli-tt«iiiy  process  in  \ta  highest  refinements,  ns  it  is  at  preeetit  pmctiMHl  hf 
Ansitjers  to  the  Royal  Mint, the  13ank  of  England,  Colonial  Mtnt«^  itc  thus  sappijr 
aa  we  belieTo,  a  considerabte  defieiency  in  the  publications  on  tbe  aTibjcsct. 

We  think,  also,  that  the  process  here  des<?ribed  may  serrft  a<i  on  examplA 
Anulytieal  chemists  and  experimentalists,  of  the  degree  of  mtthcui  which  maj 
intriidueed  when  many  similar  operations  have  to  be  frequently  perfortn<*d, 

Tlie  gold-assay cr,  receinng  a  great  number  of  samples  of  gold  alloyed  with  eop 
and  silrer,  not  differing,  boweTer,  very  widely  in  composition^  is  required  to  report  < 
exact  proportion  of  pure  gold  which  each  satnple  contains.  To  accomjtllsh  ihi*  \ 
ancdent  prooeflses  of  cupcUation  and  parting  are  still,  and  probably  ev<ir  wiU  be,  m 
They  are  as  follows  : — A  giv<'n  weight  of  the  alloy,  say,  10,000,  is  weighed  OQt»  a 
l>eiiig  placed  in  a  small  porous  mp  or  en  pel  heated  in  the  muffle  of  the  fumacfv 
melted  up  with  a  certain  quantity  of  lead,  and  with  about  three  times  as  much  yt 
silver  us  the  alloy  contains  of  pure  gold.  ITie  upw  alloy  of  gold,  silver,  CHJppef,  and  h% 
with  tniee«,  perhaps,  of  other  metals^  being  now  exposed  at  a  strong  red  heat  to 
mrrent  of  air,  the  copper,  lead,  &c,  are  gradually  oxidised,  and  the  very  fusible  oxii 
of  lendf  diesolving  the  other  oxides,  c^urieathem  down  into  the  poitnis  subiCaDoe  of  tj 
cupel.  There  remains  a  button  of  very  maUoable  aQoy,  containing  three  pvita  of  siIt 
to  one  port  of  gold,  whiek  uflc^r  being  Luninated,  is  placed  in  boiling  nitrie  add.  1 
an  Aetiun  which  it  is  difficnlt  to  explain*  the  silver  ia  ziow  almost  totally  diaaolvi 
away,  totjetlier  with  any  other  soluble  metals  which  msy  be  preseJit^  The  eoW  is  li 
aa  a  kind  of  skeleton,  or  sr>o°^  y*'^  coherent  mass,  and  may  bo  at  quc^  solidified  I 
drying  and  raising  to  a  rtd  heat.  The  result  of  the  assay  is  then  obtainod,  dectmal 
expressed^  by  a  simple  weighing. 

The  result,  liowcver,  muy,  or  must^  ba  alibcled  by  numorout  errors,  axiaing  froml^ 
following  chief  ©oureea :  — 

1.  Em)r»  of  weighing. 

2.  Loss  of  gold  by  slight  absorption  in  the  cupel,  and  by  ToklilisatiOflL 

3.  Slight  solution  of  the  gold  by  impurity  in  the  acid.* 

A.  Impossibility  of  dlsftolving  the  whole  of  the  silver  from  ita  alloy  willi  tli«l 
Of  thej^e  the  first  depend  on  thohaliinee  and  weights  employed,  and  the  skill  , 

opcmtor;  t hey  mnst  for  the  mo#t  part  be  eliminated  by attendon  to  the  rule*  gi^en^ 
the  nrticle  Bai.ancb.    Tlie  second  and  third  sources  of  error  would  lend  to  give  a  1 
slightly  below  the  truth  ;  the  last,  and  by  far  the  most  imp)ortant^  would  eau«e  a  eoi 
fiidemble  excess  in  the  result. 

All  such  errors  may,  however,  be  veiy  neazly  eliminated  from  the  resnltft  of  ai^ 
nunilier  of  sssays,  on  condition  that  the  process  is  performed  with  perfect  nnifbrnit; 
in  the  case  of  oU  the  assays,  and  that  the  total  resulting  error  in  any  one  ease  t 
known  :  for  then  a  correction  to  the  amount  of  this  error  can  at  once  b©  applied  ti 
eTfury  other  result,  and  the  actual  truth  attained.  Kow  the  process  can  be  rendam 
apptroximately  uniform  by  armngements  afterwor^is  describe*!,  and  the  constant  atpynw 
gate  error  is  ut  on*^e  known  if  tuch  process  be  performed  upon  any  one  allor  h^  -  ^^' 
known  composition.  Thus,  *iuppose  1(},(]00  parts  of  each  of  the  alloys  A,  li 
the  respective  rewults  1)207,  9416,  9077,  ports  of  gold— but  let  it  be  known 
true  result  for  A  wtjuld  have  beesn  ^200  piirta— then  the  true  results  for  the  others  w^mlt 
have  bt^en  9409,  9070  parts.  More  strictly,  indeed,  the  corrections  for  B  and  C  wnuU 
hflvt*  Uhu  —7  X  9109  ^  9200  and  -7  x  9070  +  &200;  but  we  may  negleet  anything 
les4  thitti  1  piirt,  and  use  th«  aame  corrections  for  all  alloj^  which  are  hkely  to  bi 
aa&ayid  togelher.  ^_ 

It  still  reimatna  to  be  abown  how  a  eicigle  specimen  of  gold  of  known  eoimp<Mlti^^| 
be  obtained.  Ptrfecilp  pure  tfM  is  this  required  standard  r  for  if  we  assay  10,9Hi 
pure  gold  nnd  obtain  the  result — lt),007,  for  instance,  the  error  of  the  proaeaa  ti  6%i 
Tiously,  at  least,  7  part*.  It  is  better,  however,  on  the  score  of  unifomiily,  to  ^ 
out  about  OS  much  pure  gold  as  the  ordinary  alloys  usually  contain,  say  920' 
adding  shout  80t^  of  silver,  to  perform  the  procesa  aa  VsiiaL     li  we  get  0207  1 

•  Kit  He  i»cUI  conUhiiiiff  nitftitit  »cl*l  will  df«M>Wp  Rold  (Bcf  f  elluO-    Now  whrti  «n  Allof  of] 
•ml  fold  it  hn\\t^  \n  iTitric  nclirt.  conffdrrNbte  quantities  of  iiUrmti  icM  srv  c«Dcf7i(t-il ,  »nA  Ih*  r 
ti.>n  «rtl]U  iw:M  if  •iill  rurOicr  promoti?d  bt  U»r  rrwrtlcc  ef  tfitrodiirin*  •m<iU  bUi  of  cb 
tb«  end  of  Oit  eUulUtion  W  fire^etil  t^impmg.    (M «k In t,  Cliem.  Soc*  Qu»  i,  alll.  101,) 
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pure  (cold  as  the  apparent  result,  the  error  of  the  assay  is  plainly  seren  parts.  The 
difficulty  now  occurs  of  obtaining  pure  gold  and  proving  it  to  be  perfectly  pure ;  but 
practically  we  attain  the  desired  end  if  we  assume  that  to  be  pure  gold  which  is  the 
purest  that  can  be  attained  by  any  known  chemical  proct as.  Prepare  then,  samples  of 
gold  of  the  utmost  purity,  and  compare  these  against  each  other  by  numerous  careful 
assays ;  assuming  the  purest  to  be  absolutely  pure  or  nearly  so,  the  composition  of  each 
becomes  known.  This  task  too,  once  performed,  is  not  again  ^necessary  so  long  as  the 
specimens  of  pure  gold  last,  or  their  standard  of  purity  can  be  transmitted  by  suf- 
ficiently careful  comparison  with  new  samples  of  pure  gold. 

Strict  uniformity  of  operation  then,  combined  with  the  comparison  of  the  results 
with  the  known  purity  of  certain  specimens  of  pure  gold,  is  the  mode  in  which  alone 
the  accuracy  of  large  numbers  of  assays  can  be  obtained.  Such  being  the  rationale,  we 
now  describe  the  practice  of  the  process. 

In  the  first  place,  the  balance  employed  must  be  not  only  extremely  sensitire  and 
sure,  but  also  quick,  qualities  which  can  only  be  combined  in  a  Tery  light  and 
beautifully  constructed  beam.  The  instrument  which  we  shall  recommend  is  one  by 
(Ertling,  of  Bishopsgate  Street,  London,  with  a  ten-inch  skeleton  beam  resting  on  an 
agate  edge  in  the  centre,  and  with  very  light  pans  suspended  upon  ruby  points  working 
into  a  small  steel  cross-piece  (see  the  figure  under  article  Balancb^.  The  scale-pan  is 
loose,  so  that  it  may  be  taken  up  with  the  forceps  and  emptied  of  the  pieces  of  metal  it 
contains.  It  lies  in  a  kind  of  stirrup  formed  of  light  elastic  bands  of  palladium,  and 
the  weight  of  the  whole  is  borne,  when  the  balance  is  not  in  action,  by  an  agate  convex 
support  which  just  touches  the  under  surface  of  the  stirrup.  The  balance,  arranged 
exactly  as  in  use,  is  shown  in  Jia.  518,  where  at  a,  are  two  comet  trays;  6,  a  box  of 
assay- weights ;  c,  the  handle  of  the  rider  movement;  d,  a  file  lying  in  a  metal  tray. 


Fiff,  618. 


This  balance  when  new  will  indicate  joijo  P*rt  of  the  assay-weight  (10,000  - 
i  grm.),  and  will  always  give  —^  or  1  part  correctly. 

The  samples  of  gold  are  received  wrapped  up  in  numbered  papers,  and  have  first  to 
be  separately  flattened  out  with  a  suitable  hammer  and  an\-il  to  the  thickness  of  a 
sixpence,  each  piece  being  caref^y  restored  to  its  right  inper. 

Commencing  with  the  first  sample  in  numerical  order,  an  assay-piece  of  the  unit 
weight  10,000— the  absolute  weight  usually  adopted  being  J  grm.,  or  7*717  grains- 
has  to  be  weighed  off  each  sample.  The  process  is  one  entirely  of  trial,  a  small  piece 
of  alloy  being  cut  off  by  a  pair  of  hand-shears,  and  small  piecca  being  repeatedly 
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dipfwHi  off,  or  added,  as  the  beam  is  seen  to  turn  one  ^ 
a  weight  a  little  in  excess  of  the  10,000  is  obtAioed,  the 
pan  ifl  carefuDy  reduced  hy  nibbing  on  the  fine  file  laid  i 
care  muMt  be  taken  not  to  file  off  loo  much,  otiierwiae 
hiiTc  to  bo  made,  and  a  TopetitioB  of  the  adjusting  prooi 
wfltghing  is  correct  within  1  part,  it  may  be  oonsiderei 
i^ow  an  error  of  1  or  2  parts,  and  to  determine  its  amoc 
the  oscillation  of  the  index  of  the  baJanee,  amcni&tuig,  ■ 
either  side  of  the  stero  point  of  the  scale,  and  reoordii 
nnmber  of  the  assay  sample.  Thia  weighing  process  ia  i 
a  noTice,  but  the  practised  hand  may  accomplish  fixmi  8 
The  work  may  bo  accelerated,  iu»  is  oft^n  ncecBStaj,  h; 
weigh  <rat  the  aasay-pieccs  a  rery  little  above  the  weight 
of  simpler  construction,  the  chief  awayer  then  going  o 
the  adjustment  in  the  best  balance.  The  small  weighed 
order  between  the  weighmgs  by  being  placed  in  little  gh 
made  in  the  laboratory  and  supported  in  a  ~*  ' 

fy^  619.) 
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The  aasay-piece  of  gold  thus  weighed  out  is  t 
pure  lead  foil  J-incli  square,  weighing  about  0-8  gnn.,  b] 
a  little  metal  tray  with  sixtocn  hollows,  mountt4  on 
fy.  fi20).  When,  howercr,  a  sample  of  gold  contains  li' 
of  copper  must  be  wrapped  up  in  the  lead-foil,  namely,  j 
other  aasay-pieces  contain  on  the  avenige. 

The  tray  being  filled  with  asaay-packets,  la  carried  s 
already  coDtaining  16  cupels  azmnged  in  square  order, 
a  piece  of  pure  lead  weighing  3*2  grms.  (supposing 
standard  gold),  wrapped  up  in  a  piece  of  paper  1^-inch  m 
'  piecca  of  pure  silver  weighing  in  all  137  gnn.  The 
and  the  lead  alloying  with  tho  silver  »oon  forms  a  1 
oxide  indeed  at  fint  appears  as  a  solid  crust,  but  in  a 
and  swima  off  the  surface  of  the  metal,  which  is  thou  sai 
little  dexterity,  lead  and  silver  may  thus  be  placed  by  1 
sixteen  cupek,  beginning  with  the  foremost  on  the  1^  h 
them  is  completely  melted  and  uncoreri'd.  The  a4]^^ 
explain  the  order  of  the  assays  both  in  and  out  of  thin 
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Wh^n  cupel  (1)  is  ready,  assay  piece  (1)  wrapped  in  tl 
tongs  (tho  ends  of  which  must  be  kept  cool  with  water),  i 
tho  bath  of  lead  and  tulvcr^  without  causing  any  splash 
are  similarly  treat-ed  in  their  due  order  os  rapidly  as  poss 
the  lead-foil  of  eacJi  melts,  and  the  whole  of  the  gold  i 
The  oxidation  of  the  lead  then  proceeda  rapidly,  and  the 
Fiff.  621. 
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the  liquid  button  becoming  coyered  with  an  iride«omit_l 
passing  off,  leaves  the  button  with  a  bright  metallic  j 
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finish  cupelling  nearly  in  their  numerical  order,  and  the  cupels  are  to  be  withdrawn 
SQCcessiYely  from  the  muffle  and  placed  in  order  in  the  sheet-iron  tray  (fig.  621). 

Having  become  solid,  each  button  is  removed  from  its  cupel  by  a  pair  of  pliers,  and 
any  dirt  remaining  on  its  under-surface  is  to  be  removed  by  squeezing  the  button  in 
the  pliers,  and  brushing  the  bottom  with  a  scratch-brush  (grattt-f/rosse).  Each  button 
has  now  to  be  hammered  out  into  the  form  shown  in  fig.  522,  raised  to  a  low  red  heat 
in  the  muffle,  and  then  rolled  out  in  a  pair  of  golcismith's  rolls  to  the  form  a  in 
fig.  623.  The  metallic  slips  have  again  to  be  annealed  at  a  low  red  heat>  and  finally 
curled  up  into  a  comet,  as  m  fig.  624.    All  the  sixteen  assays  which  we  suppose  to  bo 


Fig.  623. 


Fig.  624. 


Fig.  625. 
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under  op<*ration,  are  to  be  carried  through  these  processes  in  company,  Ixing  always 
kept  in  due  order  by  the  iron  tray,  except,  of  course,  when  they  are  in  the  furnace.  It 
requires,  however,  some  dexterity  to  place  all  the  sixteen  buttons  or  slips  in  the  muffle 
in  due  order,  and  remove  them  again  before  they  grow  too  hot  and  melt. 

It  is  very  necessary  that  the  metallic  slix)s  now  obtained  should  be  smooth  at  the 
edges,  and,  consequently,  perfectly  malleable.  That  they  are  sometimes  not  so,  may 
arise  from  the  furnace  being  too  hot  or  cold,  the  assays  being  too  long  or  too  short 
a  time  in  it,  or  the  quantity  of  lead  not  being  correctly  proportioned  to  the  copper  in 
the  alloy. 

The  boiling  process  is  now  to  be  carried  on  in  a  row  of  French  assay  fiasks,  each 
heated  by  a  small  rose  gas-burner,  the  fumes  of  the  acid  being  carried  off  by  an 
earthenware  flue,  or  by  other  means.  A  quantity  (25  grms.)  of  nitric  acid,  of  the 
specific  gravity  1*20,  is  to  be  poured  into  each  fiask  from  the  pipette  measure  (fig.  626) ; 
one  ounce  measure  of  acid  is  the  quantity  used  by  many  assayers.  The  acid  is  to  be 
heated  nearly  to  the  boiling  point,  so  that  when  the  comet  is  placed  in  it,  violent 
solution  of  the  silver  at  once  commences.  This  being  done,  considerable  heat  may  be 
applied,  until  in  two  or  three  minutes  the  whole  of  the  orange-coloured  nitrous  gas  is 
driven  off.  The  clear  add  is  boiled  slowly  for  five  minutes,  and  then  poured  off  into  a 
jug,  distilled  or  other  pure  water  being  used  to 

wash  the  adhering  silver  solution   out  of  the   Fig.  526.  Fig.  627. 

flask.    A  second  ounce  of  very  pure  nitric  acid,  of 
specific  gravity  1'32,   is  now  added,  together  ^ 

with  a  small  piece  of  charcoal  (a  calcined  pea 
answers  best),  to  prevent  explosive  ebullition, 
and  the  boiling  of  the  comet  is  continued  as 
tranquilly  as  possible  for  twenty  or  thirty  mi- 
nutes. j}y  this  time  the  comet  will  consist  of  a 
soft  but  coherent  brownish-coloured  metallic 
skeleton,  containing  the  whole  of  the  gold  in  the 
original  assay  piece,  almost  perfectly  fireed  from 
silver  and  every  other  impurity.  The  acid  is  to 
be  poured  off  from  the  comet,  which  is  done 
by  gently  inclining  the  fiask,  and  the  fiask  is 
filled  up  to  the  top  with  pure  water.  For  this 
purpose  it  is  convenient  to  have  a  small  tin  or 
copper  water  cistem  with  a  stopcock,  and  an 
india-mbber  tube.  Each  comet  must  now  be 
removed  to  a  little  cracible,  which  is  done  as  in  fig.  627,  by  dexterously  decanting  it 
— that  is,  inverting  the  fiask  into  the  cmcible,  allowing  the  coraot  to  fall  through  the 
water  to  the  bottom  of  the  cracible,  and  then  quickly  removing  the  flafik  before  much 
water  can  run  out  Lastly,  the  cracible  is  drained  of  water,  and  raif<e<l  to  a  red  heat 
in  the  muffle.  As  before,  each  operation  is  to  be  performed  on  the  sixteen  assays  in 
company,  before  the  next  operation  is  begun,  and  the  numerical  order  is  always 
maintained  mechanically. 

Withdrawing  the  crucibles  from  the  furnace,  we  find  in  each  a  small  comet  of  bright 
gold  (fig.  626),  which,  if  unrolled,  would  have  the  form  A  in  fig.  623.  It  is  then  the 
exact  counterpart  of  the  original  alloy,  contracted  to  a  much  smaller  size.  The  comets 
are  to  be  removed  by  a  pair  of  weighing  forceps  from  the  cracibles,  and  placed  in  du6 
order  in  the  flmall  tray  (fig.  620).    They  are  tnen  to  be  carried  back  to  the  balance^ 
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iiiitl  «uc«e««iTely  weigbed.  Of  course,  ihe  Bame  pan  of  tl 
rnnst  l>e  Ti»«d  aa  in  w^^i^ihing  out  the  origioal  aaaay  pio 
of  tfi«  baance.  In  this  wt^ighing,  too,  we  may  elim 
trouble,  tho  error  in  the  initial  weighing  (if  any  were  obt 
a4jtist.iag  the  weight  »o  that  the  beam  shiiU  not  stand  j 
pnnt  of  Ih*'  indci  as  it  did  in  the  prior  weighing.  1 
opjinary  8eri««,  10,000,  5 000,  2000,  &c,  but  it  ift  much 
weigiits,  3s  9000,  9100,  9200,  prepared  by  the  balat 
expect *-d.  A  rider-weigbt  (so©  article  Bax^xcb)  equd 
divided  beam,  gives  tho  result  with  great  fecility,  wil 
of  the  original  assay  piece  taken. 

For  the  purpose  of  correcting  the  results  of  the 
PQpjK)!^  that  one  of  the  sixteen  assays  was  what  we  ml 
performed  on  nearly  pure  gold  of  known  standard.  1 
gold  contained  9997  pts.  in  lO^OQO  of  absolutely  pure  g 
91$l»  containing  therefore  very  nearly  9161  pts.  of  pu] 
iiMayed,  giving  as  s  result  9158.  The  error  then  of  the  a 
which  amount  must  be  subtracted  from  the  nsolt  of  ea 
This  error  being  known  or  deteraiLned  each  day  previot 
fmlar  assays^  the  subtnetioii  of  the  error  mii^  be  com 
wtthout  calculation^  by  pladog  a  small  correct  ion -rider 
branch  of  the  beam,  on  tlie  oppoaite  arm  to  that  which 
thus  obtained  are  ready  to  be  reported.  With  the  sj 
material,  this  corrwtion  for  turcnarge  should  remain 
months  together.  To  ensure  this  constancy  should  be 
but  the  coirectness  of  Uie  results  must  be  almost  daf 
change  in  the  proceea  or  materiala  takes  place, 
about  10  parts. 

Whatever  tlie  number  of  assays  to  be  done,  they  ot 
•ixteen  each,  with  proof  or  correction  asJMiys  intersperac 
the  assay-book,  too,  may  bo  devoted  to  a  lot  of  stxtef 
symmetrical  numerical  arrangement  is  thus  maintained  t 
means  ;  mistake  or  disorder  is  rendere<i  neariy  impossit 
during  the  process  most  easy  and  certivin.  Some  might 
from  its  numerical  simplicity ;  bnt^  in  the  mechanical  pa 
found  comparatively  awkwanL  In  the  fiima<!ing  operatl 
bo  in  progress  at  once ;  but  in  the  other  ports  of  the  pi 
200  if  necessary — may  and  ought  to  be  performed  in  c 
hold^  or  gas-burners  and  iliisks  to  accommodate.  Thf 
and  other  apparutus  must  therefore  bo  preserved  by  nui 
Ihiit  the  last  tray  of  any  lot  of  assays  will  generally  no 
to  irreguhiritv  should  be  at  once  repated,  and,  if  possib 

The  quantities  of  silver  and  lead  stated  in  the  ahov 
Engliinh  ttandard  gold,  eonEiistiug  of  01G7  pts.  of  gold  an 
of  snmpleft,  van'ing  in  fineneiss  say  from  8500  to  10,00 
same  quantities,  the  variation  in  the  resulting  alloy  not 
result  materially.  Eacli  assayer  must,  howerer,  estimal 
samples  he  receiver,  and  make  the  quantity  of  silver  tl 
weight  of  gold  in  tJie  assay  piece.  The  lead  mast  be  I 
following  table,  to  remove  the  largest  quantity  of  taf 
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10,000  pmrU. 
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10,000 
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8,000 

9,400 

30 

7,700 

9,200 

4-0 

7.300 

9,000 

5-0 

7,000 

To  eeenre  uniformity,  the  same  quantity  of  lead  should  b 
bat  when  the  gold  contains  much  less  copper  than  ue 
piece  of  copper  wire,  the  six©  of  a  large  pin's  head,  must 
the  asaay  piece  in  lead-foiL  This  will  prevent  failure  in 
Improved  process, — The  process  above  described  isi,  ftw 
of  the  best  London  assayers  now  adopt  We  have  oun 
eeveral  years  a  modification  of  tho  boiling  proocas,  wl 
troublesome,  and  more  accurate*     It  i«  only  to  bo 
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samples  ara  pret^  uniforra  in  compositioiip  so  that  proper  a^JitstiiienU  mftT  bo  1 
to  obtaia  \h6  comets  idwavs  sroooth-erJgtMl  ajiJ  atrong.  In  ttuj  proe«88»  each  metAUic 
Blip*  nftpr  Iftttii nation,  b  etamped  with  a  small  numbfr  at  one  end,  as  shown  in  Jiff 9. 
523,  624,  625,  a  series  of  stuall  numeral  punches,  frum  1  to  16,  being  kept  for 
this  purpose.  The  as-says  from  thia  point  need  no  lougt^r  l>e  kppt  ueparat^?,  Afi^f 
MnneaJing  in  n  crucihle,  and  coiling  np  aa  nsnal,  each  lot  uf  sixteen  in  put  into  mt 
English  fljit-bottonied  assay-flnsk,  containing  say  sixte^-n  ounces  of  the  weak  aad 
(BpeclfLc  graTity  1'20)»  already  heated  OTer  a  sand-bath  or  gas  flame.  The  ftolulion 
and  boiling  procM^ed  ju^t  a«  if  each  assay  wore  ia  &  separatve  flask.  The  laUiur  of 
manipiilation  btring  roducod  nearly  to  the  ^  part,  the  washing  Tsdth  distilled  water 
may  he  seTeral  timen  repeated,  and  tho  eixteen  onuces  of  8tron^  acid  may  be  applied  in 
two  eqnal  pArts,  with  an  intermediate  washings  each  portion  bcung  boiled  ten  minutes. 
SeTcml  bita  of  charcoal  must  be  always  in  the  add  to  prevent  bumping.  The  decajita- 
tion  is  performed  by  filling  the  flask  with  water^  closing  its  mouth  with  the  thumbs 
inverting  it  into  a  basin  full  of  water,  &tid  then  with<lniwing  the  thumb.  The  cornels 
fidl  out  uniiyured.  By  a  pair  of  light  forceps  they  mnj  be  aafcly  picked  out,  placed  in 
Mws  on  a  piece  of  tile,  and  anncMiIed.  The  figures  originally  impressed  on  the  alloy  of 
3  ptsf.  of  silver  to  1  pi.  of  gold  remain  as  legible  n^  before,  now  that  the  3  pt5.  of  «ilver 
apu  gone ;  the  order  of  the  assays  is  thus  known.  Occasionally,  but  rarely,  it  jaitij 
happen  that  a  comet  is  broken  up,  and  its  fi-agmenta  spoil  the  remainder  of  the  sixteeiu 
Yet,  having  performed  many  thousand  assays  by  this  method,  we  may  state  that  it  in, 
on  conditions  already  stated,  not  more  liable  to  acddeots  than  the  separate  method, 
while  it  is  rather  more  speedy,  effects  a  great  and  obvious  saving  of  labour,  and,  by 
allowiog  perfect  uniformity  of  action  in  the  boiling  process^  admits  of  greater  aciiumey 
than  can  be  otherwise  attained.  When  the  a8n;ys  id  the  flask  are  less  than  sixteen  in 
number,  the  acid  used  must  be  proportionally  leas ;  marks  may  easily  bo  madi>  on  tho 
flask  with  black  Tomish,  to  indicate  the  proper  quantity  of  odd  for  each  number  of 
assays.  The  fumes  from  the  flasks  may  easily  bo  carried  off  by  a  J  inch  glass  lube 
fltting  into  the  mouth  of  tho  flapk,  and  communicating  with  a  flue.  Other  arrange- 
ments for  supplying  a  good  heat,  as  well  as  hot  acid  and  hot  distilled  water,  may  easily 
bo  contrived  by  any  perswn  who  requires  to  carry  on  the  process  on  a  lai^o  scale. 

Standard  Tiire  Gold. — To  pri'|wire  the  purw  gold  necesoanr  for  comparison  assays,  as 
already  described,  cornets  or  other  fine  gold  must  be  disaofvcd  in  aqua-regia,  and  tho 
excejyi  of  acid  must  be  driven  oflTas  completely  aa  possible  by  slow  evaporation.  The 
chloride  of  gold  ia  then  diesoh'ed  in  a  lame  body  of  pure  water,  aay  two  or  three 
gallons  to  each  ounce  of  ^Id^  and  the  whole  left  undisturbed  for  a  week.  A  sediment 
of  chloride  of  silver,  a  little  insoluble  subchloride  of  gold*  and  out  other  impurity 
present  will  then  have  perfectly  settled  down.  The  dear  hquor  is  carefully  drawn  off  by  a 
siphon,  flit'  rrd  through  thick  paper  into  a  perfvctly  clean  ves^l,  and  the  precipitation 
of  the  metallic  gold  effected  by  oxalic  anid,  solntioQ  of  protosulphate  of  iron,  or  sub 
phnrous  add.  Of  these  reagents  we  prefer  tho  last,  which  is  to  be  slowly  passed 
through  a  wash -bottle  and  into  the  gold-aolution,  at  as  low  a  tempera  tiiro  as  possible, 
and  up  to  saturation.  It  is  etill  better  to  precipitate  the  gold  fractionally  m  threo 
parts,  of  which  the  middle  and  largeet  part  only  is  to  be  us*«d.  The  soft  gold  j^owder 
IS  to  be  well  washed,  boiled  in  pttre  hyorochloric  acid,  again  washed  and  dried,  finally 
melted  in  a  strongly  heated  muffle  in  a  crueiMo  of  white  Frendi  clay  with  a  Httle 
add  stdphate  of  potassium  and  crystallised  borax.  Gold  of  at  least  the  flineness  9997 
or  9fJ98  will  generally  be  obtained  in  this  way. 

To  perform  the  assays  with  despatch,  every  possible  preparation  must  be  made 
beforehand.  The  pieces  of  assay-lead  of  uniform  weight  may  be  most  easily  obtained 
by  use  of  a  buUet-motdd  mode  to  cast  pistol  shots  of  the  proper  weight  and  Ave  or  six 
at  a  time. 

The  assivy-silver  must  be  rolled  out  at  a  flatting  mill  to  the  thicknesa  of  a  fonrpenny 
piece^  and  then  cut  up  into  square  pieces  of  uniform  size  and  of  the  required  weighty 
by  means  of  a  pair  of  fixed  shears,  with  an  a^ustable  guide  or  gauge  on  the  lower 
bliide.  It  is  necessary  of  course  to  recorer  the  silver  after  its  solution  in  the  nitric 
add,  and  use  it  again  repeatedly.  This  may  be  done  by  predpitating  with  common 
salt,  collecting  and  washing  tho  chloride  of  silver,  and  when  free  from  nitric  acid, 
reducing  it  by  pieces  of  zinc  or  iron  laid  in  it  and  caused  to  evolve  hydrogen  by  adding 
a  little  sulphuric  acid.  The  metallic  silver-powder  which  i«  in  a  little  time  obtainea 
may  be  melted  down  as  soon  as  it  is  cle:ired  of  the  zinc  or  iron  and  the  acid  solution. 

Much  economy  may  be  practi&td,  if  desirod,  in  the  u&e  of  tho  nitne  acid.  Thus 
the  stronger  acid  (specific  gravity  I '3 2)  after  being  used  for  one  assay,  may  lie  preserved, 
diluted  with  a  proper  quantity  of  distilled  water,  and  again  used  as  the  weaker  add 
for  another  assay. 

Even  after  being  used  as  weak  acid,  the  silver  it  contains  may  be  precipitated  by 
bydrochloric  acid,  and  both  the  silver  iind  nitric  acid  become  agaui  Bervioeable.    ****** 
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most  extreme  carp,  howuror^  mvmt  be  token  thiit  no  nitric  acid  used  in  an  aMaj  i 
tains  the  slightest  tr:ice  of  chloriQe ;  otberwiiie  gold  will  be  dtMolred  and  the  anaf 
entirely  fiiUifled.  The  presence  of  chlorine  may  of  course  be  known  bj  a  dcnufy 
white  precipitate  when  silver  is  iiddt^d  to  the  clefur  liquid ;  but  we  prefer  aa  a  precautioii 
to  reTerao  the  te^t,  and  nerer  ua<^  any  actd  which  doea  not  contain  a  urry  fJuniiU  iraet 
of  Mlvett  and  yet  remain  dear.  If  a  larger  quantity  of  ailrer  were  in  t^  strong  add, 
it  would,  from  an  action  not  properly  understood,  increaee  the  Murehar^  at  qnantity 
of  silver  remaining  undiasolved  in  the  comet.  By  the  alternate  use  odF  hydrodilQeie 
acid  and  silver  eolation,  any  good  nitric  acid  may  be  prepared  for  the  aasay  proocw^  th9 
chloride  of  silver  produced,  however  smull  in  qiLontity,  being  allow<*d  entii>elj  to  aahaidQu 

The  cupehi  used  by  the  gold  oasaycr  should  be  of  the  finest  bono-dlnst^  made  by 
Belcnil  et  Filfif  of  PanB,  who  also  supply,  directly  or  through  the  London  detal«i%  tlia 
bait  fomaces^  muffles,  crucibles^  flasks,  and  other  such  apparatosi,  that  ia  to  be  had. 
Thib  enpek  may  bo  had  ready  made,  or  may  b«  made  in  the  laboratory  with  a  proper 
mould.  When  lai^e  numbers  are  required,  it  is  usual  to  employ  a  press  retesmluing  a 
e-mail  Qmbossing  prc&s.  Inforiar  En|;lisb  bone- earth  is  apt  to  disengsigia  carbonia  sdd 
in  the  furnace,  which  spirts  out  Bmull  quantities  of  the  nielt«d  motal  and  hopalsaily 
falsiilea  the  assay. 

Of  couroe  in  practice  no  purchase  of  bullion  must  be  made  on  the  reaolt  orf  a  single 
assay,  »o  liable  as  it  is  to  aoddeuts  ot  mistakes ;  hot  the  mean  result  of  seTend  assays, 
not  differing  more  than  ton  or  twenty  parts  among  tliomselvce,  must  be  adopted. 
Thus  the  Bank  of  England  cany  on  the  whole  of  thi^ir  enormous  transactions  m 
bullion  upon  triple  assays  of  each  ingot  made  by  some  sciantifie  asaayer  of  high 
standing.  In  every  mint,  two  or  more  sssayen  are  employed  to  check  «adi  other's 
results. 

A  clear  idea  of  the  accuracy  of  tlie  process  abo^e  deacnbed  may  be  gained  from  the 
£olbwing  table,  which  shows  the  differences  of  tho  reports  of  two  assay ers  upon  1461 
samples  from  gold  ingots,  each  assayer  making  only  a  sin^e  sasay  on  each. 


1     D^ffi-^- 

KuTObeTor 
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Humbrr  of 
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28 
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1 
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11 

28 
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29 
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21 

4 

30 

4 

166 

13 

11 

22 

2 

31 

5 

117 

14 

8 

23 

2 

3d 

6 

79 

U 

7 

24 

0 

44 

7 

65 

le 

8 

26 

6 

45 

8 

62 

17 

1 

26 

2 

49 

The  differences  are  expressed  in  parts  of  10.000, 

The  mean  difft  rence  of  those  which  do  not  differ  more  than  16  parts  is  3-8.  Sndi 
differences  arise  from  a  want  of  perfect  uniformity  in  the  process.  The  differences 
beyond  16  parts  obviously  assume  a  different  and  un convergent  character,  srising 
fWjm  particles  of  gold  detached  from  the  soft  comets  ;  only  33  assays  ara  thus  erro- 
npoufl,  and  these  would  bo  corrected  by  a  repetition  of  the  assays.  Of  eonres  s 
difference  of  one  part  in  the  assay  report  corresponds  to  no  more  than  a  differanoe  of 
1^.  in  10, ODD/,  in  the  bullion  transaction.  Tho  reduction  of  the  result  of  an  assay 
decimally  expressed  to  the  tradt  report  in  caraia^  gratnty  and  HghU^  is  a  simple  qu«»* 
tion  of  arithmetic.  W,  S.  J. 


GOUD-SXiL'rKSA*  mWLTKi  The  peritoneal  or  serona  meinbruio  sepMited 
from  the  inte^tirml  tube  of  the  ox  and  otiicr  animals.  It  is  attenvAted  bgr  bcaag 
beaten  with  a  hammer,  and  subsequently  prepared  so  as  to  resist  putrefiietioD. 

OOXill^BSATZirO.     See  Ur^S  Jhitt&nary  of  Arts,  vol  ii.  398. 

CH>L]|-PlimF£S,  Purple  or  Powder  of  CasMU8.—Whe.n  dichlorido  of  tin  is 
a/lded  to  a  dil^lj?  solution  of  gold,  a  purple-coloured  powder  fjills,  which  has  received 
these  names.  It  is  obtained  of  a  finer  tint  when  dichloridc  of  tin  is  added  to  a 
solution  of  seftquichloride  of  iron,  till  the  colour  of  the  liquid  takes  a  shade  of  pwn, 
and  the  muttur<>  in  added,  drop  by  drop,  to  a  solution  of  trichloride  of  gold ;  the  hqaid, 
in  that  state,  is  free  from  nitric  aoid,  and  very  dilute.  After  24  hours,  a  brown 
powder  is  deposited,  which  is  slightlv  transparent,  and  purple-red  by  transmitti-d 
light,  but  assumes  a  dull  bine  e^om  when  dried.  Heuted  to  redness,  it  losns  a 
little  water,  but  no  oxyffeu,  and  retains  its  fomior  appearance.  If  washed  with 
Ammonia  on  the  filter  while  still  moist,  it  is  dissolved,  and  a  puiple  liquid 
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thmuifh,  wliich  nvala  in  beauty  tho  permanganate  of  potaaitium,  From  this  liquid, 
tbe  TOlouriiig  matter  eeparatt's  very  gradoAlly,  veeka  elapaing  before  the  upper  stratA 
of  the  Liquid  becomes  coIoutIobb  ;  but  it  is  precipitated  more  rapidly  when  heated  in  a 
dose  Tcsitel  between  140^  and  180^  F,  Tho  powder  of  Cajisios  la  insolablo  in  solutions 
of  potash  and  soda.  It  may  also  be  formed  by  fusing  togetbtir  2  parts  of  goUl,  3  J 
pmrte  of  tin,  and  15  ports  of  silverj  under  boraac,  to  prevent  tho  oxidation  of  the  tin, 
and  treating  the  alloy  with  nitric  acid  to  diesoWe  out  the  silTor ;  a  purple  residue  is 
left  containiug  tht>  tia  and  gold  that  were  ©mplo^pd. 

The  powder  of  GaEsins  ia  certainly,  after  ignition,  a  mixture  of  fitaiinic  oxide  and 
meiallie  gold,  from  which  thc^  gold  can  be  dissoirod  out  hj  nitromuriatic  acld^  while 
tlie  BtAnnk  oxide  ia  left ;  and  the  last  mode  of  preparing  it  favours  tho  idea  that  ItM 
cooatitution  is  tho  same  before  ignition ;  but  the  fioluhility  of  the  unignited  powder  in 
ammonia^  and  the  fact  that  mercury  doea  not  diiisolve  out  gold  from  the  powder  whea 
properly  prepared,  appear  to  bo  conclusive  agaiuijt  that  opinion.  The  proportions  of 
)(g  con$)tituent«  vary  bo  much,  that  there  miifit  be  more  than  one  compound;  or  more 
likf'ly  the  colon  ring  compound  oombinefl  with  more  than  one  proportion  of  stannic 
oxide.  Bi-rseliuj  proposed  the  theory  that  the  powdor  of  Cafisiua  may  contain  the 
pur|»|p  dirjxido  of  gold  combined  with  aesquioxide  of  tin,  AuO.SnK)'.  A  ghuice  at  tta 
ibnnula  shows  how  readily  the  powder  of  Caaaiua,  aa  thna  repreeentedf  may  pass  into 
gold  and  s tannic  oxide :  AuO.Sn'O*  =  Aa  -4-  2SnO*,  The  existence  of  a  purple 
uxideof  gold,  AnO,  is  mot  establLshed;  but  it  ia  probtibly  the  substance  formed  when  a 
solution  uf  gold  is  applied  to  the  akin  or  nuils^  and  whidi  dyes  them  purple, 

Felletier  gives  the  following  method  of  preparing  a  purple  of  Oaaaiiis  of  constant 
composition ; — 20  grammes  of  gold  are  dissolved  in  lUO  grammes  of  aqiia-regiii,  con- 
taining 20  parts  nitric  to  80  parts  of  commercial  hydrochloric  add ;  the  solution  is 
evaporated  to  drj'ness  over  the  water-bath ;  the  residue  diaeolved  in  water ;  tlie 
filtered  Bolution  diluted  with  7  or  8  decilitres  of  water ;  and  tin  filings  introduced 
into  it :  in  a  few  minutes  tho  li<^uid  becomes  brown  and  turbid,  and  depoeita  a  purple 
predpttate,  which  merely  rtN^uirei  to  be  washed  and  dried  at  a  gentle  heat.  The 
purple  Ihns  prepared  contains  in  IQO  parta:  32'7i6  stannic  oxide,  14-618  stannous 
oxide,  44'772  atiroua  oxide  (Aiu'0)  and  7*864  water.  Tho  precipitate  obtained  by 
treating  trichloride  of  gold  with  pure  Bta,nnoiis  cHorido  is  alwnys  brown.  To  obtain  a 
fine  purple  precipitate,  the  chloride  of  gold  should  be  treated  with  a  mixture  of  stannous 
and  stannic  chlorides.  The  following  process  gives  a  fine  purple: — a,  A  nentral 
solution  is  prepared  of  1  pt.  of  ttn  in  hydrochloric  add ;  b.  A  solution  of  2  pta.  of  tin 
in  cold  nitromuriatic  add  (1  pt*  hydrochloric  to  3  pta.  nitric  acid),  the  liquid  being 
merely  heated  towarda  the  end  of  the  process  thut  it  may  not  contain  any  protoxide 
of  tin ;  c.  7  parta  of  gold  are  dissolved  in  nitromuriatic  acid  (6  hydrochloric  to  1 
nitric  acid),  and  the  solution^  which  is  nearly  neutral,  is  diluted  with  3600  parts  of 
water.  To  this  solution  c  the  solution  t  is  first  added^  and  then  the  solution  a  drop 
by  drop^  till  the  proper  colour  is  produced.  If  file  quantity  of  a  is  too  smaUt  the  pre- 
cipitate is  violet:  if  too  large  it  is  brown.  It  must  be  washed  quickly,  so  that  the 
liquid  may  not  act  upon  it  too  long.     {Graham*3  Eitmentf^  2nd  cd.  ii.  364.) 

0O%Dmr  MAROAArrB.  An  old  name  of  cine  (See  Ure's  Dktum^iry  of 
ArtJf,  4r.  ii.  399.) 

OOliIIEir  Sir&FBIISE<T  OF  AWTZBKOa7.  SuljphurAntimoniiaurtttum,— 
Pentaaulpbido  of  antimony  (L  334). 

CM>ir(»-O0»O  or  Thm^tam  of  the  Chinese.  A  kind  of  crmbal  whidi  makes  a 
very  loud  sound  on  being  struck.  It  is  composed  of  an  alloy  of  copper  and  tin» 
oontjuning,  according  to  Th^nard's  analysis,  80  per  cent,  copper  ftnd  20  tin. 

OdiroT&XTSt  A  mineral  occurring  in  yeUow  or  brown  grains  on  tbe  shore  of 
Y\\  Kitk.'ijiLrvi,  in  Finland.  It  is  indistinctly  crystalline,  and  cleaves  with  moderate 
facility  in  two  directions.  Lustre  waxy.  Translucent  on  the  edgest  Streak  white. 
Fracture  conchoidal  or  splintery.  8pedfie  gravity  —  2*7.  Haidneae  —  4  to  fi.  Sefore 
the  blowpipe  it  gives  off  water,  and  melts  to  a  blistered  glass  at  a  stionger  beat.  Ac- 
cording to  Thoreld's  analyds  it  contains : 

8IO*  A1^0>  FHOa        lln*0        Mg^O         Ci>0  K^O  K»«0  H*0 

56  22         21-80         4-80        0'32         fi'OO         077         4'46         0*46         6-77-98-59 

which  by  substituting  protoxides,  m'O  fo(r  sesq-uioxides,  M*0",  may  be  reduced  to  the 
general  form  {M*m')Si'0'*  which  is  that  of  a  metasilicate,  R'SiOl   (Jahreeb*  d,  Chem. 
1867,  p.  677  ;  liammeUbtr^t  Mifurakkemif^  p.  66L) 
CHurzoiMKBTSS,    An   instrument  for  measuring  the  angles  of  ciystils^    See 

CaTSTALLOOfiAT'lIY  (p.  169), 

CfromooirXA  jtobJEXXS.    The  red  coral    It  eonsista  of  an  interior  stemi  com- 
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nosed  of  gelAtJnotu  mutter  and  mrbooate  of  cftlduni*  wit}i  a  cortex  oonnattne  of 
mcmbrtme  with  carbonatt*  of  calcium,  oolunired  by  9010 e  unksown  snbsUiDQe.  U, 

OOSHSiriTie.  Byn.  with  Be&tl< 

GOSIiiUUTX.     JJatlve  sulphate  of  zinc»     (See  Sui.fiiati;s,) 

OOSBASf  •  A  Cornish  mming  t^rm  for  an  oxido  of  iron  mixed  with  otber  metald, 
(Sto  Urt's  Dictionary  of  ArU^  ^'t\  n.  399,) 

OOS8TPXU91.    Th«  cotton  plant.     (Sco  CoiroKt  p.  91.) 

OOYSSTm.  A  Tsriety  of  native  ferric  hydrate,  Fe*0*.H*O  or/t^O*  crystallised 
in  prinms  belonging  to  the  tri metric  iystem,  longitudinally  striated^  and  oAeo  thittenel 
pamllel  to  tho  bmehydiagonal.  CloaA^aoie  Tdry  perfect  parallel  to  the  bracbydtiigoitaJ : 
mIho  flbrciiLH^  rcniform,  foliated,  or  in  Bcalcfl;  massire.  Hardness  s  5  to  oa.  8pedif 
graviry  4'0  t^  •i'4.  Lustre  imperfect  adamantine.  Colonr  yellowisJa,  reddLdi,  mxA 
bliiokiiib  brown,  often  blood-red  by  transmitted  light  Stre&k  brownish -yellow  to  ochre- 
yellow.    It  18  found  Ht  Eisenfeld  in  Nassau  in  foliated  crystalliaations  of  j  '  '      <\ 

colour  {T{ubi}}ffhmmrr\  tdfietlietr  with  brown  haematite.     It  occurs  ahjo  a:  r 

Uritftol,  at  LiMtwithiel  and  Botallack  in  Cornwall,  at  Lake  OnegA  {Onrffi:  ,  ...  .  1, 

at  Oberkipchen  in  the  Westerwald,  Zwickcn  in  Saxony,  Eiserfeld  in  Siegen,  PrztLritj 
&c.     A  capillary  variety  {SamTnetUmde)  OGcnnt  at  Pnibnim  and  elfi^wbero. 

GOTTSA&XI2TS,  Dufreno^siU. — Natira  snlpharsenite  of  lead.  It  occvm 
cryst^illi5*"d  in  rej^ular  dodecahedrons,  with  truncated  edgea.  Cleavage  not  disbocL 
Specific  gravity  6  64 9,  Lustre  metAllic,  Colonr  steel-grey.  Streak  reddi«h-browiL 
Brittle.  The  mean  of  two  analyses  by  Damonr  gave  22  39  per  cent.  S,  2078  A*. 
60-30  Pb,  0  19  A^p  0  26'Ca,  and  OaS  Fe,  agreeing  nearly  with  the  formula  2PWSJLb^. 
which  is  anulogouii  to  that  of  heteromoipbite,  arsenic  taking  the  place  of  antlmooy. 
The  mineral  i»  found  in  the  dolomite  of  St.  Gothard,  together  with  realgar,  orpiiDCiBi, 
blende,  and  pyrites.     (Dana,  11,  77.) 

OOUXikStB*S  EXTSACST.  A  saturated  solution  of  bosie  acetaU  of  lead,  (See 
Agitated,  i.  10,) 

OOXnnr  COircazLTXOlf  S*  Ooncsetiona  of  acid  urate  of  ajnmonium^  ^Hnieriy 
called  chalk-stones,  frt^m  their  resemblanco  to  chalk.     (See  Uwc  Aotd.) 

0&AIfeirAT£2k  SO£17TZ03f 8.  Solutions  of  acida,  arkalia,  &c.,  of  knowB 
fclrength  tljr  volumetric  analysis,     (i.  256.) 

OI^il.IllTA.TIOXr  OF  CiImILBB  TUSU*  A.IS,  See  AKiXTstSi,  VoLUioniC 
(i-  25t).  269). 

G&ABD'ATZOir  OF  BlLlmT  IS^ATSSS.  The  concentration  of  sea-water  md 
the  water  of  brine-springs  previous  to  boiling,  by  oiuaing  it  to  fiill  frum  a  truugb  or 
eistern  over  a  wall  of  twigr,  or  thorns,  by  which  it  is  distributed  and  expoised  to  the  air 
in  the  form  of  rain.     (See  Sonii'w,  CHioninR  of.) 

OBJkXirSJl.  The  lixivium  oLtaincd  by  infusing  pigeon's  dung  in  water  is  used 
fur  giving  flexibility  to  skins  in  the  process  of  tanning,  and  \b  called  the  gratner.     U. 

0&AZW8  or  FASASZSS,  MaUacfuetta  pepper.  The  fruit  of  several  lingi- 
beraceous  plants,  used  t<j  give  a  factitious  irtrength  to  beer  and  cordiala. 

asjLxxr-Tiir.    See  Tik, 

eiULnKnEil.TXTm.     Syn.  with  TiiaMoLiTB. 
CRAI^HKITE,     Syn.  ^nth  Wollastonitb. 

aWLANATT^,  Crranadin,  Grenddm. — A  bitter  crystalline  substaiuv,  obtaini^ 
by  Landcfei-  Imia  the  husks  of  unripe  pomegranate:^.  It  crystallises  in  stellnte  groups  id 
needles,  and  whfD  licatcd  emits  the  odour  of  burnt  brea*!  To  prej.»are  it,  the  aquoio* 
decoction  of  the  alcohoiic  extract  of  the  hu^^ks  is  boiled  with  white  of  e;gg  lo  predpt* 
late  tanntn,  then  ev:i{>or:ited ;  the  residue  is  exhausted  with  dilate  sulphuric  acid,  aJod 
the  gmnatin,  precipitated  from  the  acid  liquid  by  potash,  is  purified  by  reeiystallitftion. 
The  name  granatin  waa  also  applied  by  Latoiir  do  Trie  to  a  sweet  aal»taiic«  whi^ 
ho  obtain pd  from  the  root*bark  of  the  pomegranate  tree ;  but  this  was  ghown  by 
Boiitron^Charlard,  and  Guillomette  to  be  identical  with  mannit^.  (Haodw*  d.  Chem, 
ill.  6Sih) 

MmJLJnrx,  a  crystalline  rock  composed  of  quartz,  felspar,  and  mlea^  Cfystn31«*«l 
promiscuously  together.  The  felflpar  constitutes  onlinarily  altout  40  pi*T  ctiit,.  but 
variea  veiy  widely,  while  the  (juarte  usually  amounts  to  30  —  40  percent.  Ordinary 
granite  contains  iibont  72*3  per  cent  ailica,  16'3  alumina,  7*4  alkAlisy  &9  lime,  msg^ 
ncsia  and  oxide  of  iri>n.  Pr^niaiite  is  graphic  granite.  [Ke^pecting  the  suppo«ed 
fonnation  of  grwnite,  see  Geology,  CttEinsTRT  of,  p.  832.  Locnliti*?*  aj)d  «*-«  of  lh« 
various  kinds  of  gratiito  fuund  in  the  United  Kingdom  ;  LW^  Dcitonary  of  Jrft,  ./•*•, 
ii.  400.  On  tlie  composition  of  the  granites  of  the  south-west  of  Ireland,  tfeeapaptr 
by  th«  Rev.  S.  Haughton,  PhiL  Mag,  [4]  x.  23.] 
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OfBJkWUlULTlOVm  The  method  of  dividing  metallic  substances  into  grains  or 
small  particles,  in  order  to  facilitate  their  combination  with  other  substances,  and 
sometimes  for  the  purpose  of  readily  subdividing  them  by  weight. 

Tliis  is  done  either  by  pouring  the  melted  metal  into  water,  or  by  agitating  it  in 
a  box  until  the  moment  of  congeUition,  at  which  instant  it  becomes  convected  into  a 
powder. 

Various  contrivances  are  used  to  prevent  danger  and  ensure  success  in  the  several 
manufactures  that  require  granulation.  Copper  is  granulated  for  making  brass  by 
pouring  it  through  a  perforated  ladle  into  a  covered  vessel  of  water  with  a  movable 
false  bottom.  For  making  small  shot,  a  compound  metal,  consisting  chiefly  of  lead, 
is  poured  into  water  through  a  perforated  vessel  of  another  kind,  in  which  the  height 
above  the  sur£EM;e  of  the  fluid  requires  partictdar  adjustment  In  some  manufactories 
of  this  kind,  the  height  is  upward  of  100  feet.  U. 

CHLAJnnbZTB.  Eurite.  Leptynite. — ^A  rock  consisting  of  a  granular  mixture  of 
felspar  and  quartz,  sometimes  witn  garnet. 

CUULOTlbOSB.  According  to  Na^li  (Die  Stdrkrmehlkomer^  1858),  starch- 
granules  consist  of  two  substances,  which  may  be  separated  by  certain  solvents, 
especially  by  saliva,  which  dissolve  out  the  substance  that  gives  the  blue  colour 
with  iodine  (the  true  starch,  called  granuloae  bv  Nageli),  and  leave  a  skeleton  of 
cellulose.  Niigcli's  results  have,  however,  been  called  in  question  by  other  observers. 
(See  Stabch.)  ^ 

6RAPB.     See  Yike. 

ORAPB-SVOaJt.    See  Glucose. 

O&APBZO  OOZiB.  Graphic  Ore.  Graphic  Tellurium.  Sylvanite. — ^A  telluride 
of  gold  and  silver  found  at  Nagyag  and  Oflfenbanya,  in  Transylvania.  (See  Stlyaiotb.) 

O&APBZTB.  A  variety  of  native  carbon  occurring  in  opaque  masses  of  an  iron 
black  or  steel-grey  colour,  sometimes  crystalline,  sometimes  amorphous.  (See  Carbon, 
i.  768.) 

OBAPBZTZO  ACXB.  C"H*0»,  or  Gr«H*0*.— An  acid  discovered  by  Brodie 
(Ann.  Ch.  Pharm.  cxiv.  6),  and  produced  from  graphite  by  the  repeated  action  of 
chlorate  of  potassium  and  nitric  acid.  Graphite,  carefully  purified  by  boiling  with 
acids  and  fusion  with  hydrate  of  potassium  in  a  silver  crucible,  is  intimately  mixed 
with  3  at  chlorate  of  potassium ;  the  strongest  nitric  acid  is  added  in  sufficient  quan- 
tity to  render  the  mixture  fluid ;  and  the  whole  is  either  exposed  to  sunshine  or  heated 
on  the  water^bath  to  60°  C,  for  three  or  four  days.  If  at  the  end  of  this  time,  no  more 
yellow  vapours  are  evolved,  the  mixture  is  shcJcen  out  into  a  large  quantity  of  water, 
the  undissolved  portion  completely  washed  by  decantation,  dried  on  the  water-bath, 
and  again  brought  in  contact  with  the  same  quantities  of  nitric  acid  and  chlorate  of 
potassium ;  and  the  same  treatment  is  repeated  four  times,  or  as  often  as  any  further 
alteration  of  the  substance  appears  to  be  produced.  Graphite  cannot  be  completely 
converted  into  graphitic  acid  by  one  warming  with  chlorate  of  potassium  and  nitric 
acid,  even  for  a  long  time.  Graphitic  acid  obtained  as  above  contains  about  ^  per 
cent  ash,  probably  derived  from  the  glass  vessels. 

Graphitic  acid  forms  perfectly  transparent,  thin  crystals,  belonging  either  to  tlie 
trimetric  or  the  monoclinic  system.  It  is  somewhat  soluble  in  pure  water ;  insoluble 
in  water  containing  acids  or  salts.  After  drying  at  100°  C.  or  in  vacuo,  it  gives,  by 
analysis  (after  deducting  1*5  per  cent,  ash),  61  04  per  cent,  carbon,  and  1-86  hydrogen, 
agreeing  with  the  formula  above  given,  which  requires  61-01  C,  1'85  H,  and  37*04  0. 

/)fro;«7W*/Y/on«.— Graphitic  acid  decomposes  when  htaUd,  with  explosion,  incan- 
descence, and  evolution  of  gas,  and  leaves  a  black  finely-divided  residue.  When  it  is 
suspended  in  Rangoon  naphtha  (rectified  over  sodium  and  boiling  at  270°  C.)  and 
heated,  a  large  quantity  of  water  distils  over  between  100°  and  200°,  whilst  at  first  a 
small  and  afterwards  a  larger  quantity  of  carbonic  anhydride  escapes,  the  naphtha 
acquires  a  deep  red  colour,  and  a  black  residue  is  left  having  the  appearance  of  char- 
coal. This  residue,  collected  after  3  or  4  hours'  heating  of  the  graphitic  acid  with  the 
naphtha  to  250°,  weighed  66*77  to  66*98  per  cent.,  but  still  contained  traces  of  trans- 
parent crystals ;  after  fourteen  hours*  heating,  it  weighed  66*77  per  cent,  and  had  then 
the  composition  C^H^O*. 

When  a  solution  of  sulpht/drate  of  ammonium  or  sulphide  of  potassium  is  poured 
upon  graphitic  acid,  it  decomposefl  wiUi  decrepitation,  forming  a  graphitoidal  substance 
having  the  metallic  lustre. 

Graphitic  acid  is  decomposed  in  like  manner  by  boiling  with  acid  solutions  of  cuprous 
or  stannous  chloride. 

Graphitates. — Graphitic  acid  unites  with  alkalis.  Shaken  up  with  aqueous 
a.nttioniaf  it  is  transformed  into  a  transparent  jolly,  without  dissolving,  and  on  addition 
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of  ibdds,  IS  predpiUted  w  a  jeUy,  like  lilicic  ocH,  which,  Bfttir  drying  m  ybciii« 
tha  same  waight  it  the  graphitic  acid  origiBallT  employed. 

GrapkUaU  pf  ^on'ttm.— ^Moisb  gmphilic  actd,  shaken  up  with  baiTta-wsUr, 
WAahed  and  dried  at  100^  C*,  yielded  a  compound  which  contained  ai'19  per  cent; 
and  afler  being  suspended  in  water  and  decomposed  by  a  fitream  of  carboiuc  add,, 
contained  at  100^  13"30  per  cent.  Ba.  Hence  Brodie  regards  the  ^arm^r  sa 
osflcntially  containing  C'H'BaO*  or  C«H"Ba»0»«  (cakulation  24- 1 8  pop  cenLBa),  an 
latter  as  C^H^BaO'*  (calculation  13  73  |)6r  cent.  Ba),  and  graphitic  acid  prx>hab 
dibasic.    The  bariuni-4&lts  are  hygroscopic,  and  detonate  with  yiolenee  when  heaU 

a&AFaoxr«  Symbol^  Gr.  Atomic  Wfi^hi,  S3.— A  modification  of  carbon, 
posed  by  Bfodie  to  exi^  in  graphite  and  graphitic  actd.  If  tho  latter  compouii 
regarded  ab  analogous  to  the  add,  Si'H'O*,  which  Wohler  obtained  by  the  metiQ 
oxidiaiDg  agents  ou  graphitoiilal  silicon*  it  must  contain  4  atoms  of  carbon  or  gR{! 
its  formula  then  beoommg  C}r*H*0^  and  the  graphon  t^nterlng  into  it  with  tbe  mi* 
weight  nlove  giyen  (Gr*  «  4  x  33  =  C'»  =  11  x  12), 

OSULSSBfll*  The  compooition  of  cereal  glasses,  and  of  tho  ash  which  they  1 
when  incinerated,  has  already  b-cen  given  in  the  article  Cbhxals  (L  S23).  The 
lowing  table  (p.  943)  exhibits  the  composition  of  the  ash  of  a  considerable  numb 
meadow  and  pasture  grasses;,  as  determined  by  Messrs.  Way  and  Og s  t  o  n.  (Boy. . 
Soc  J,  vol.  ix.  pt.  i. ;  and  toL  xii*  pL  ii,  pp.  616,  6»0»  638, 63ft;  Jahresb.  d.  Chem.  I 
p.  698,  1850,  p.  668.) 

OBJLBS-OX&p  SAST  TSn^XAM*  An  ethereal  yellow  nentrml  oil,  haTiz 
Bharp  agreeable  taste,  and  an  odour  liko  tbat  of  rose-^E ;  it  is  said  to  be  obtained  i 
Andropogon  Iwarancusa.  By  rectifying  it  with  water,  Stenhouso  obtained  a  resii 
residui",  and  a  colourless  diatxlkto  having  a  loss  agreeable  odour.  This  distillate,  i 
being  dehydrated  by  chloride  of  calcium,  began  to  boil  at  147*^  C.  afl«r  whidi 
boiling  point  rose  to  IftO***,  where  it  remained  stationary  for  a  while,  and  thsB 
higlier.  Analysis  gave  83*78  per  cent,  C,  11'47  H,  and  4*77  0,  Bv  treating  Um  i 
distillate  with  sodiom,  a  brown  rei«in  was  separated ;  and  tho  oil  decanted  thflfisfi 
and  again  rectified,  gave  8857  per  cent  C  and  11 '6  H,  ^  C^H*. 

OAJLTXOI.A  OTWZCTaMMOB,  According  to  Wall  ( Jahrmb.  pr.  Phann.  m 
N.  jRhrf*«b,  Phariri.  x.  66 1,  this  ptant  contains  gratiolin  (discpyerea  by  Marehi 
[J.  Chim.  m^.  1846,  p.  367 ])i  ^tiosolin,  gratiobin,  aeranil  reaiaa,  tannic  add, 
antirrbinic  add. 

Graiiotin  is  a  very  brittle  substance,  insoluble  in  ether,  slightly  M>liible  in  m 
easily  in  u!«:>hol,  from  which  it  separates  in  warty  masses.  It  melts  in  boiling  wi 
It  dissolves  in  hydrochloric  and  in  nitric  add,  and  with  porple  colour  in  sulph 
acid,  the  colour  being  destit^yed  by  wat<^r.  Potash  and  ammdma  colour  it  green  m 
out  dissolving  it,  but  the  colour  is  not  permanent.  The  aqueous  aolution  of  giati 
is  precipitated  bytaanic  add.     (Marc  hand.) 

According  to  Wak,  |;ratiolin  i&  a  glucoside^  having  the  composition  C*H*'0*, 
being  resolved  by  boHing  with  dilute  sulxjhuric  acid  into  gratiolotin,  C"H^ 
cryetallidsblo  sabstanoei,  maolnble  in  water  and  in  ether,  gratioloretitu  C'^H' 
a  resinous  substance^  insoluble  in  water,  but  soluble  in  ether,  and  glucose  (p.  809). 

Graiiotolin,  C**H*^0**,  is  another  glucoside  contained  in  the  same  plant,  azM 
easily  rfisolved  by  acids,  alkalis  (and  even  oiids  of  lead),  into  glucose  ana  g  ratio 
let  in,  (?**H"0*',  a  substanco  soluble  in  water,  and  precipitated  by  tannic  acid; 
gmtiosoletin  is  further  re«)lved  by  boiling  with  dilute  acids  into  glucose,  and  a  f«siii 
miihirfl  of  irratiosoleretiti,  C^H**0',  soluble  in  ether,  ana  hydro*gratio 
1  e  r  c  t  i  n,  C»^^^*0^^  insoluble  in  ether  {p,  869).     (Wal z.) 

Olt&irXiZTS.     See  TacnzrTB. 

GRAinVACXll  or  Gr^/wack^^  is  a  rock  composed  of  pieces  of  qoait^  fij 
slate,  fp|i)par,  and  claj-slate,  cemented  by  a  day-slate  basis.  Ijieao  pieoe«  v^rr  in 
from  a  hen's  egg  to  Utile  grains.  When  the  texture  becomes  axceadioffly  fine-grsi 
the  rock  constitutes  greywadke-slate.  Its  colour  is  usually  ash  or  amoKe^groT,  will 
the  yellowish-grey  or  ^eeniah  tinge  Sequent  in  primitive  slate.  It  has  xKit  the  i 
tinuous  lustre  of  primitLVe  slate,  but  glimmers  from  interspersed  ac^iles  of  miea. 
contains  quart*  veins,  but  no  beds  of  quartz.     Petrifactions  are  £i>iiad  in  it» 

The  lerm  grauwnckc  formation  is  applied  to  a  group  of  rodis  bctvaeii 
carboniforous  strata  and  tho  primitive  rocks,  the  true  grauwacko  being  only  an  i 
vidual  moiiibor  of  thJK  group. 

amAVZTY,   S9SGZ7XC,     See  Speciho  Qbavitt. 


An  iiidammable  compound,  supposed  by  aoime  to  barv  | 

compojird  of  a.^pliaitum  with  nitre  uud  sulphor,  by  otheta  to  have  ' 
eamo  (.omposition  an  gunpowder. 
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01RB£1?-EA.RTB  or  SSliikI»OVITS.      An  altered  form  of  angife.     OaSk 

oeln:  i,  <»r  green  of  \TvriouH  Blmiie«.     Miia«ve  and  in  globular  and  mmjp 

Ididi  iccc's,  ?*urin times  hollow.     Dull     Fracture  earthy,      Opnqtit*.     F<^ 

glib\t:kiu,ri  ...  ilic  sLrcak.     Soft  and  scctile.     Itiilhor  prcBsy,     Adhered  sligliUy  Iq  ' 
"  *     Before  tho  blow-pipo  il  ib  cooreited  into  m  Mi 
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Soda  .         ... 
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Gt«en-earth  Appears  to  bav**  been  ptodowd  from  angite  by  th( 
rurbonntoia  in  solution,  the  change  conmBtbg  in  tho  removal  of  lime  and 
and  tiie  «tibetitntion  of  alkalis  in  their  place.  It  consists  chi<^flv  of  ferrotu  silicate, 
will  be  Bcon  from  tlit?  preceding  analjsee :  a,  b,  from  Icolaod  (WaltersUaosf'n)  ;  r,  fp 
Mount  Baldt>  (BtkssB) ;  d,  from  the  neighbourhood  of  Verona  (Jaxaeaon);  e^/,  fo 
Fassa  in  the  TyroL     (Rammc^laberg.) 

It  is  a  frequent  mineral  in  the  amjgdalmd  of  Scotland,  England,  Irt^land,  leelai 
and  tho  Fftn>B  Islands,     It  occui«  also  in  Saxony,   the  TjTob  Hungary,  and  m 
Verona.     (Dnna,  ii,  166;  Bischors  Chemical  Gechgy,  ii.  130,  328.) 
G&£3Slf  ZHOir  0M1.     NatiTe  ferric  pbosphate.     (See  Iron.) 
UWtMWSf  ImTLELS^  omB.     Araenio-phosphata  of  lead  with  chloride  of  lead.     (£ 
Lead.) 

GBJSEV  PXOaiEirTS.  Bremen  pretn  is  either  a  basic  Okrbonatai  of  oopp 
obtmnri^]  by  precipiUtiug  sulphate  of  copper  with  a  mixtim  of  carbonata  of  aoaai 
nnd  cnustic  soda  or  potash,  or  a  hvdralcd  oxide  prepared  by  predpita.tlng'  with  eaaal 
alkali  alone* — Bruntwick  green  is  an  oxychlaridt  cf  copper^  preparea  by  expoariniip  aofip 
foil  to  the  air,  moieiteuijig  it  rcpeatally  with  hydrociiloric  acid  or  sal-ommotiiac,  ai 
exhausting  the  product  with  water  (i.  70). — Chrome  grrtn  is  either  anhydntus  chrota 
oxide,  or  a  mixture  of  cbrome^yellaw  with  I^nissian-blue  (i.  934,  948). — Cointli-^re* 
or  Ri'nmann's  ffrten^  is  a  mixture,  or  perhaps  a  compound,  of  the  oxides  of  sine  al 
cobalt  (i.  lOSr). — Crystallised  grttn  is  neutral  acetate  of  copper  (i.  14). — Smera/i 
grem  or  Vert  pannrticr  is  a  hydrated  cliromic  oxide  (i.  950).— Enp/igh^rtcm  (T* 
an<flaU)  is  a  mixttira  of  arsemie  of  copper  with  Tsrious  white  ^iibstanc^a.  euch  i 
Butphate  of  barium  or  calcium. — Irts  green,  a  colour  forrocrly  used  in  miniature  |««in 
ing.  waa  prepared  by  macerating  in  cold  solution  of  alum  or  gum-wuter  tho  satin 
epidermis  of  the  pt^lals  of  the  ins,  filtering  the  liquid  through  a  fine  calico^  und  lewwin 
il  to  evaporate  on  plates  in  a  shady  place. — Minrrnl  green.  This  term  ia  now  geiw 
rally  applied  to  Soheele's  green,  but  it  originally  denoted  a  mixture  of  2  pt«,  fbhcele 
green  with  0  pLs.  white  lead,  2  pta.  black  oxide  of  copper,  3  pia.  n»lachit<v  and  4  p 
acetate  of  lead.  This  mixture  has  an  apple-groen  colour,  with  bluish  reflex. — Mti^r^ 
green  {Vert  en  grain*)  is  a  very  fine  p^cn pigment,  eontAinin^  chromic  acid,  snlphuTi 
acid,  cnranc^n,  potassium,  iron,  and  lead.  Its  preparatioti  is  kept  secret^  but  it  ma 
be  imitated  by  mixing  the  solutions  of  ferrocyanide  of  potassium,  protoanlpbate  < 
iron,  acetate  of  laad,  and  bichromate  of  potash.  A  precipitate  is  thus  obtainad  of 
Tcry  fine  green  colour,  btit  not  so  durable  as  that  prepared  by  the  uivtsntor'a  ptocvai 
—  Sapgre^n  {Ftri  dt  VfMie^  itert  vigltd)  La  the  iuice  of  buckthorn  b^tries  combine 
with  lime  or  alumina. — Mitiis,  Vienna^  or  Kirchhergef^e green  is  an  arsenate  of  ooppt 
2Cu*0.A8'0*,  prepared  by  precipitating  sulphate  of  copper  with  arsenate  of  potaj 
BJ«m. — Mountain  green  is  green  carbonate  of  copper,  either  native  or  pr«*pare<l  " 
preoipitution  (i.  7 B3).^ Prussia n  qrem  is  ferrocyanide  of  cobalt;  it  haa  a  ve;?  '^ 
gTo<'n  colour  when  recently  prepare*!,  but  quickly  turns  red-grey  on  expostiTo 
air;  hence  it  is  but  rarely  uaed. — Scheeh*^  green  is  arsenite  of  copper  (i, 
Schweinfu^t  green  is  aeeia-arsemte  of  c/yppcr  \u  16,  376). — Veronese  i^rten 
Paid  Vhvn^X  An  arsenate  of  copper  prepared  in  this  country  and  'in  AJaAea  by 
process  which  is  k^pt  s&^j^t—Zinc  gre^m.  This  term  ia  apphed  to  cobalt  or  &i 
mannas  gfp<*n,  and  to  a  cyanide  of  zinc  and  iron  obtained  by  maoemting  finahrj 
Pni««iAn  l>liie  in  a  stronpf  eulution  of  chloride  of  Jtinc*  A  fine  colour  ia  thuT 
but,  liki'  all  othpp  iy>loiir>i  ffirmfd  from  cyiinkles,  it  is  not  perm,*inent.  (8c©  ( 
Couleurs,  par  J.  I^  fort,  Vvwib^  1855;  also  LW»  IHcHona-g  ({fArU,  ^.  i  \ 
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GREEN  VITRIOL  — GUAIACEKE. 


P4S 


Protoflnlphale  of  iron.    (See  SuLFHiTBd.) 
Gamet  from  Greenland. 
rocxzxs*    NfltiT©  sulphide  of  eadmlum.     (See  Cadmiuil) 
Syn.  with  Sfhenb; 

UMXXNSAXJk,  This  term  Is  commonly  applied  to  a  t^riea  of  he6s  lying  betwflen 
tho  chaJi  and  tho  Wealden  depoBit*,  but  ia  itnctly  appIicjiLle  only  to  certain  minor 
poitioofl  of  them,  marked  by  me  preaenM  of  miiiuto  graina  of  gr**^  a  sili^it©  of  iron 
(the  glaueonite  of  Amencan  minemJogists).  The  upper  portion  of  tho  seriea  eonUina 
a  calcareous  sand^  very  rich  in  soluble  silica,  and  forming  an  excellent  agricultunil 
Boil,     (Sec  Glauconith  ;  also  Ure's  Dictionartf  of  Arts,  ^c,  ii.  402.) 

GSEEirsiroMS  Of  Diahau  ia  a  rock  composed  of  augite  irith  labradorite  and 
oligoelfkse.  The  t*?rm  greenBtoQe  is  also  applied  to  certain  Tarieties  of  trap,  consisting 
of  dark  and  heavy  blackish-green  or  brownish  rock  composed  of  felspfir  and  horn- 
blende, usually  having  a  (ayBtalliiie  structure,  hut  sometimes  compact  When  alb i to 
(•oda-felspir)  replaces  orthodase  (potash-folsparl  the  rock  is  called  diorito.  (Dan^ 
iL  162,  247.) 
O&Si^ADnr.    Syn.  with  Granatdt. 

GRElffATZTS.     Syn.  with  SrAUBOrmB. 

GltimrG'BSSTS.  A  silicate  from  Grengesberg  in  Balecarlia,  ooutammg,  aceord- 
iug  to  IlisiiiiLierfi  analysis,  27'01  per  cent,  silica,  1431  alumina,  218  manganotts  oxide^ 
25  63  iVrTOus  oxide,  1421  magiienia,  and  1263  water.  It  is  allied  to  delessite. 
Colour  dark-green.     (Dana,  ii.  296.) 

&RET   AWTI3IKOWT.    NatiTo  tnsulphtdo  of  autimonj  (L  32fl). 

GHET   COPFZiB,    Syu.  with  Tbtba^kdriti. 

GRS'TWACXE.     Syu,  with  Gbauwackb  (p.  941). 

OSET  DTB.     See  Dtkdco  (p.  359)  ;  also  Ures  DicUonartf  of  Arfs,  ^e.  (ii.  403), 

OAOPPZTX.  A  i^ilicate  found  in  Ibe  limestone  of  Gropptorp,  in  Sweden.  It  is 
emtoUine,  with  one  diatmet  cleaTage,  aflbrding  a  broad  cleavage-imrf:ie«,  and  two 
others  less  distinct.  Hardness  —  2"6.  Specific  gravity  —  2" 73.  Tbin  splinters  tnmn- 
Ineent.  Coionr  Foso-red  to  brownish-red.  Streak  paler.  Fracture  splintery.  Aeeord- 
ing  to  Sranberg'B  analysts  (Ofreraigt  af.  KoogL  Vetenskaps  Akad.  Jorhandlingar, 
iii.  14)  it  contains: 


sio« 

AI*0» 

F^^^os 
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Mg»0 
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Ni«0 

H^O 
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2266 
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4-55 

IS'28 

5'23 

0-22 

711 

togeiht^T  with  013  of  undissolved  matter  (total  1001 3),  whence  Svanberg  deduces  the 
formida  3M0.2Al'O'.d^i0*  +  $B0  or  6M'O.4Al*0»,9j>tO'  +  6H^0,  which,  by  sub* 
stituting  aP  for  Al*  may  be  pedtn>ed  to  2M^O.4a/*0,38i0'  +  2H'0,  or  (including 
M  and  ai  under  the  goneml  symbol  E),  to  B'-Si»0'*  +  2H»0  or  R*SiD*  +  §H=HJ,  which 
is  the  formula  of  an  orthosillcate. 

OROROZ£1TS«  A  variety  of  Wad  or  Earthy  Manganese,  found  at  Groroi,  in 
Ma_y  ^nne ;  also  at  Vicdessos  and  Cautfim,  in  France,     (See  MAXOAiniSB.) 

QfMOB&UJtJkM  or  GroMulara. — A  raricty  of  linie*ganiet     (See  Qkssnre^  p.  772.) 

tkW^TXi A.wn^M  QT  JSiekd-Mtmuth  glance. — Native  sulphide  of  nickel  and  bismuth, 
fonnd  ttt  Griinau,,  near  Sayn  AltcnkircEeo,  with  qmirt*  and  copper  pyrites. 

^MJHflSStXTM,  A  nearly  pure  iron  angite,  Fe'SiO'.  A  specimpn  from  CoIIo- 
br.  r<'>*.  ajKnlvstd  by  Griiner  (Compt.  rend*  atxiv*  794),  yielded  439  SiO\  62-2  Fe*Op 
I'l  Mg^O,  0  5  Ca^O,  and  1*9  A1*0"  =  99-6. 

QfjIAJCTtt^  A  bitter  substance  extracted  from  Gnaco,  the  leares  and  stems  of  the 
Mtkania  Guaco^  a  plant  nearly  allied  to  the  genus  Etipatorittm^  growing  in  Mexico 
and  South  America,  whence  it  has  been  imported  into  Europe  and  used  sa  a  remedy 
against  eholera.  Gtiacin  is  obtained,  according  t^  Pettenkofer,  by  exhausting  guaeo 
with  alctihoU  decolorising  with  animal  charcoal,  di^stilling  off  the  alcohol,  diiBolring  the 
rcfiiduft  in  ether»  and  1  earing  the  »]lution  to  eraporate.  It  then  remainB  as  a  light 
brown  resinous  mass,  perfectly  soluble  in  alcohol^  partially  in  water,  baring  a  rery 
bitt^er  taste  and  em^otie  action,  and  emitting  an  intoxicating  odour  when  triturated  with 
Bulphuric  acid.    (Handw.  d.  Chem.  iiL  714.) 

Gir^IAC.    See  QvUACuu. 

OITAZACSWB.  C^H'O.  Gaiaeme.  ffu^W.— The  light  oil  obtained  in  the  diy 
difit illation  of  guaiac  reeiu.  It  is  colourleaa.  and  hoa  an  agreeable  odour»  like  that  of 
bitter  almonds.  Specific  gravity  0-874.  Boiliiig  point  118°  C,  Vapoured ensity  2  92. 
TMien  i*xfK»9ed  to  the  air  it  oxidises,  and  is  converted  into  beautiful  crysteillino  laminn 
(T)eville,  Compt  rend.  irii.  1143;  xix.  134),  It  is  not  altered  by  caustic  potash 
aolution,  or  by  on  alcoholic  sedation  of  sesquichloride  of  iron  (if  it  euataina  guaiacol^ 
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the  m>n-soluiion  oolcmn  it  gre«ii).  It  U  insoluble  jti  ammonM,  uud  does  net  m 
witH  the  acid  aulpliite«  of  alkali- meCak.  It  u  ozidued  by  dtroinie  And  hf  vitt* 
tcetic  acid  being  produced  in  the  furm<)r  case,  and  oxalic  acid  in  the  latter.  Acd 
to  its  eompoBitioDf  guaiaeene  might  be  ingarded  as  the  aldekjde  of  &n,gi^ 
(C*H*0')»  but  it  is  not  couveirti?d  into  that  add  by  ftrnon  witJi  hydrate  of  potai 
{Qilm,  Ann.  CL  Pharm.  cri.  379.) 

GtriUCAGlO  ACSSI*    See  Ou^iuumc  Acid. 

airAX&CO£.  Hydride  of  Quaittcyl.  Gumaa^j/vM  aaieU  I^roffwaiacit 
(Gm,  xiu  350. — Gerh.  iii.  780. — HlasiwetE,  Ann.  Ch. Fharm.  eri.  Sfll/) — Vro{ 
together  vith  guaiacene  and  pjrc^aiacin,  by  the  dnr  dlstULatton  0(f  gn&iac 
Whcit  the  cmde  oil  obtained  by  thia  distillation  \s  washed  witii  -water  amd  n>*ctif 
a  moderate  beat,  guaiacene  pass^  OTerfimt,  and  afterwarda,  when  the  he-mt  is  ixicn 
the  guaiacol  diatila.  It  may  be  purified  by  repeated  rectificatiozii  or,  acooidx 
Vol<dcel»  hy  diBsolTing  it  in  potash,  boiling  it  with  water  aa  lou^  ms  anj  light  oil  | 
oyer,  then  mixing  it  witii  a  quantity  of  sulphuric  acid  not  qmte  BoiBcieiit  to  cot 
with  the  whole  of  the  potaak,  rediasolTing  the  aeparated  oil  in  potash,  boiliiig  the 
tjun  in  a  retort^  tiU  the  milky  oil  which  passes  over  becomes  perfectlr  clear  « 
addition  of  a  soiall  quantity  of  potash,  mffda.  separating  the  oil  bj  salphoritf  acid 
drying  it  in  Tacuo  orcr  Hulphuric  acid. 

Gujiiaeol  is  a  eolourleaa  oil^  baring  a  specific  grarity  of  1'119  at  22^  C.  (Sobn 
1  126  at  1 6*^  ( Vi) I  c  k  e  1).  It  has  a  peculiar  faiot  odour,  somewhat  like  thmt  of  crei 
and  a  pungent  peppery  ta^ta  like  doTea.  It  boila  at  210^  C.  (Sobrero)^  at 
(Volekel).  It  does  not  redden  Htmus.  It  huma  with  a  white  amoky  fiaaM^  1 
acid,  even  when  Tery  dilute,  attacks  it  violently  at  ordinary  temperature^  tarn 
oxiilie  acid  and  a  brown  resin.  With  cht^arine  and  bromine  it  forx&s  crjrstalliaable 
atitution-producta.  It  does  not  yield  an  acid  when  treated  with  cKrids  of  sitvfr,  d 
log  in  that  respect  from  the  homologous  compound  ftuforol  (p,  750),  which  J 
pyromucic  acid  when  thus  treated-     (Schwa nert,  Ann.  Ch.  PhArm,  cxti,  257*) 

Quaiaeol  is  soluble  in  alcohol^  and  sparingly  soluble  in  water.  The  alcoholic  soli 
reduces  the  sAlta  of  gold  and  nltfer  to  the  metallic  state,  and  ftrHe  and  c^prie  td 
ferrous  and  cuprous  salts. 

Guaiaeol  dia«olves  in  potash^  and  combines  also  with  other  basee,  fonmng  cej^ 
able  salts,  which  turu  black  when  exposed  to  air  and  moisture.  It  does  not  deeoa 
carbonatea. 

Btfpectiog  the  composition  of  guaiocol  yarious  statements  haw  been  g 
Aeeoroing  to  Yolckf'l's  analyseSf  it  contatna  08*9  per  cent,  carbon,  6- 4  hydrogen, 
247  oxygen;  according  to  Sobrero,  08*7  per  eent.  C,  6  8  H,  and  25*4  O,  «l 
Valckel  deduces  the  formula  (7**^0*,  and  Sobrero,  C**H*0*,  Pelleticr  and  IN 
assign  (0  it  the  more  probable  formula,  C'HW,  or  O*H^0*  (ealeoiatioa,  67 '7^ 
eent  C,  6'4S  H,  and  25*81  O),  which  likewise  agrees  nearly  with  the  Tapour-densi: 
det^^rmined  by  these  chemists  (exp.  449  ;  calc.  for  2  Tolajnes,  4*30). 

According  to  ITk<riw«tz,  guaiacol,  obtained  as  aborvi  is  not  a  definite  coin|x>iyi4 
a  mixture  in  Tariablo  proportions  of  the  two  homologons  compounds,  C'H'^0* 
C'H*0'.  By  agitating  the  puri^ed  oil  with  strong  ammonia,  or  passing  ammoiul 
into  it,  prrssing  the  rrsuMng  crystalline  mass,  dissoli-ing  it  in  warm  ether,  and  I 
tng  the  solution  in  an  air-tight  ressel  with  strong  alcoholic  potash,  Hlaaiwe^a  olil 
a  white  oytitiillino  mass,  consist Jng  essentially  of  C'*H"KOV  or  C'H^KO',  9ffm 
to  the  quantity  of  potash  used.  The  Utter  ialt  was  likewise  obtained  by  repwl 
agitating  the  oil  with  moderately  strong  aqueous  ammonia,  washing  the  ou  % 
sepftnittd  from  the  watery  liq^iiid,  repeatedly  rectifying  it,  dissolTing  it  in  an  i 
Tolume  of  ether,  and  treating  the  solution  with  a  alight  excess  of  Tery  fftro&g  alco 
potiish.  On  decomposing  the  resulting  potassium^salt  with  oxalic  or  dilute  stdp^ 
aetil,  a  colourless  od  was  obt&ined,  having  an  agreeable  odour,  and  Taryuig  in  hi 
point  from  203*>  to  230**  C.  The  portion  which  distilled  between  205**  to  210^  I 
specific  gravity  =  I'll?  at  13^,  and  exhibited  nearly  the  composition  C'HK>* ;  bet 
216^  and  218^,  a  distillate  was  obtained  of  specific  gravitj  1*116  and  eompo4 
C»*H"0* ;  and  between  219^  and  220**,  a  distillate  of  specific  gravi^  1-<I89  moT 
poaiHon  C*H"0*. 
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Tho  fbnnula  C"H*'0*  ii  exactly  intermediate  between  the  other  two  (CH^O* 
,(7H'*0').    The  proportions  in  which  these  two  compounds  (which  af«  ' 


GUAtACONIC   ACID  — GUAIACUM. 


947 


Witb  ftiifttpol,  C*H*0*)  nrp  present  Tarien  with  the  njilBiw  of  Lh«  ««m  fvma  whkh  the 
gii*iftOol  wubtained.    The  eoaipouEtl  C'H^'O*  is  liktiriae  coRiitined  in  wood-tAr  cttxMoie, 

mUJkMACQXXC  Acts.  OHl'^'O'.^Thk  acid,  according  to  Hade li eh  (J.  pr. 
Cbem.  cjtxxTiL  321),  constitut^'a  70'36  per  c^nt.  of  guaiac  w»iii,  and  romftins  m  the 
mother-liquor  obtaiued  in  the  pr<*paration  of  guuiaredc  acid  (p.  948),  To  iepamte  it, 
the  mother-liquoF  is  eTnporated  to  drynese,  the  residue  ti«4ited  with  boiling  alt-ohol, 
the  alcoholic  solution  evaporatt^d,  and  the  reruaining  brittle  mass  treated  with  ether 
(in  which  it  is  only  partly  f»oliible).  The  etbercal  solution  when  evaporated  yields 
goaiaieomc  add,  as  an  uncry^talliHable  mas«,  melting  at  1 00'^  C.^  insoluble  in  water, 
poBsessiBg  IttTO-HJtatory  pow^-r,  precipitable  from  its  litcoholic  solution  by  bttrium-  and 
lead-salt*.  The  lead -prt^cipi tat e  contains  C'*JI'*Pb'0'.  There  is  also  anothpr  lead- 
suit  containing  a  larger  pmportion  ori<«Ml 

GiiftLaconie  acid  is  instantly  turned  blue  by  oxidising  agents.     (Hadelich,) 

OirAXACTQllC.  Guaiac,  Guajaharz,  Rtnna  ffttajaH  nativa.  (Handw,  d,  Ch©m» 
iii.  718.— Grerh.  iii.  778-— HlaeiwetE^  Ann.  Ch,  Fharm.  cvi,  3D1 ;  cxiL  182.) — A  resin- 
ous substance  obtained  from  the  Chtajtteum  officinalr^  a  tree  growing  ja  Jamaiea, 
St.  Domingo,  and  others  of  the  Weift  Indian  Islands.  It  exudes  spontaneously  or  from 
incisions  made  in  the  stem  {GuaiacuTn  (n  ^anis)^  and  is  likewise  obtidBvd  by  me'lting 
it  out  from  the  more  resinous  parts  of  the  tree  (Gu.  in  massis);  the  latter  is  impurt% 
containing  chips  of  wood  and  bark. 

Guaiac um  has  a  yellowish  or  reddish  browii  colour,  and  is  transparent  iu  small  Itimps, 
but  is  generally  cowred  with  a  grcenish^grey  powder,  which  renders  it  opaque.  It  is 
hard  and  brittie,  with  n  Titreous  fracture  ;  specitle  grarily  »  1*205  to  1226.  Its  powder 
is  white,  but  soon  turns  green  when  exponed  to  the  air.  Its  taste  is  faint  at  first,  but 
soon  b«oom«8  acrid  and  produces  a  burn'mg  sensation  in  the  throat  It  has  scan:t<Iy 
any  odour  when  cold»  but  when  heated  giTca  off  a  peculiar  arcjinatic  odour,  •omething 
like  that  of  gum  benzoin  ;  it  melts  eiutily,  and  at  a  higher  teinpeEaturo  gives  off  a 
vapour  which  strongly  irritates  the  lungs* 

Alcohol  dLissoh'es  about  ^,  of  the  rt-sin  of  guiiiacum.  Mid  the  solution  is  precipitated 
by  water,  JElther  and  oil  of  turpentine  likewise  dissolve  it,  but  leave  a  more  considerable 
reaidue.  In  pure  water  it  is  nearly  insoluble ;  but  when  its  alcoholic  eolation  is  [loured 
ioto  a  consiaemble  quantity  of  cold  water^  the  resin  separates  in  white  Hakes,  leaving 
a  c*oloarless  liquid  which  possesses  in  a  high  dc^ee  the  aromatic  odour  of  the  resin. 
It  is  immediatelj  coloured  deup  yellow  by  a  few  dfopa  of  atnmoniSi^  and  ia  again 
rendered  colourless  by  acids. 

Quaiaeum  dissolves  in  potash  and  in  strong  sulphuric  ncld.  The  latter  solution 
has  a  splendid  red  colour,  aud  vields  a  ^nolet  precipitate  with  water;  alcohol  Jirsst 
c^loura  the  liquid  violet -hlue»  and  in  larger  quantity  impurt.s  to  it  a  dirty  bluLith -green 
tint  (Schiffi  Ann.  Ch.  Pbarm.  cxi.  372).  According  to  Kossmann  (J.  Ph&rm.  [3J 
xxxviii.  81 J  RiSp.  Chim.  pure,  1863,  p.  3&1),  it  is  resolved  by  sulphuric  acid  into  sugar 
and  a  rcidnous  body  cidled  ffuaiaretin. 

Ouaiacnm  is  distin guided  by  the  facility  with  which  it  oxidises  and  the  changes  of 
colour  therehy  produced*  Both  the  powder  and  the  alcoholic  solution  tarn  ereen  when 
exposed  to  the  air,  tlie  change  taking  place  most  quickly,  according  to  Well  as  ton, 
under  the  intiuence  of  the  violet  rays  of  the  spectrum,  whereas  the  red  rays  restore  the 
yeUow  colour*  NitrouJt  acid  colours  guaiacum  blue,  and  this  reaction  may  be  used  Iq 
detect  the  presence  of  a  small  quantity  of  nitric  acid  in  sulphuric  aeitL  If  the  concen- 
trate*! acid  to  bo  tested  be  heated  in  a  test- tub©  with  a  small  quantity  of  iron  filings, 
and  the  vapour  passed  into  tincture  of  gtiaiactun,  a  hlue  colour  will  be  produced  if 
nitric  acid  is  present,  but  if  the  sulphuric  acid  is  pure,  no  change  of  colour  will  t4ike 
place  (S  eh  iff)*  Guaiacum  is  coloured  green  by  fuming  nitric  acidt  and  on  adding  to 
the  liquid  a  moderate  quantity  of  water,  a  green  precipitate  is  formed,  while  the  liquid 
become*  eolourleaa ;  a  lai^ger  quantity  of  water  colours  the  precipitate  blue  and  the 
•olution  brown » 

The  alcoholic  solution  of  guaiacum  is  precipitated  green  by  sulphuric  acid  and  blue 
by  chiorine.  Iodine  added  to  the  alcoholic  tincture  of  guaiacum  produces  either  a  dirty 
greenish  colour  or  none  at  all ;  but  the  liquid  turns  blue  on  aadition  of  water.  The 
production  of  this  blue  colour  is  prevented  if  an  acid  bo  preHoualy  added ;  but  neutral 
salts  do  not  prevent  it*  Tincture  of  guaiacum  is  coloured  blue  by  MJiqukMorid^  of  iran^ 
and  on  adding  to  the  liquid  a  solution  of  kypo^djihik  of  mdium,  a  very  fine  riolet 
colour  is  at  fint  produced,  but  this  soon  disappears  and  leaves  a  colourless  liquid.  A 
solution  of  sttlphurous  acid  which  has  been  digested  with  zinc,  immediately  decolorises 
tincture  of  guaiacum  turned  blue  by  ferric  chloride,  without  at  first  producing  the 
violet  colour.  Unaltered  sulphurous  acid  also  decolorisos  the  liquid,  but  much  mors 
slowly.     (Schiff*) 

According  to  lire's  analysis,  guaiacum  contains  67*0  per  cent,  carbon.  705  hydrogen, 
and  25*1  oxygen*     Pelleticr  S>uad,  in  a  very  pure  specimen,  71  0  per  cent  C»  7  03 
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H»  null  23'97  0;  Johnston,  -wha  luuilysed  th«| 
obtainetl  7036  to  70 66  per  cent  C,  6'80  to  0*87 
deduei^  tlie  formula  C^H'^0^. 

Gnaiacam  ia  not,  however,  &  definite  compcr 
(Ann.  Ch.  Pharm,  xri.  369)»  it  is  nepafnted  by  a 
one  of  which  i»  Tery  soluble  in  aqneouB  ammoo 
alkuli  a  tarry  comxjound,  which  requires  6,000  ptt 
to  Pelle  t  ifi r,  ammonia  distiolves  ^  of  gnaiiic  Ten 
u  colourless  crystalline  resin,  guaiuretic  acid 
pioportion  of  the  whole,  may  be  obtained  by 
decomfioaing  the  re«iilting  salt  with  hydrochloric 

According  to  Hadelieh  (J.  pn  Chem.  luxvii 
alxiut  js  of  gnaiac  resin »  and  the  mother-Uqooi 
about  70  per  cent,  of  an  unajitaUiBable  add(Kiu 
and  a  tetdn  diBtin^ished  aa  iS-resin,  inBoluUe 
precipitated  by  acloa.  The  oompooition  of  gmdac 
2M  aa  follows : 


Guaiaretic  acid  (crystalliBahle)  , 
Quaiaconic  acid  (uncryHtaUisuble) 
^-re8in.  C'*H"0«  or  C»H»0»     . 

Gum 

Woody  matter  .... 
Fixed  cooatitaenta  inaolubk  in  watt 
Guaiactc  acid^  colouring  matter^  and 


J 


The  colouring  matter,  which  containa  nitrogen, 
drtme  on  saturating  with  aeetic  ocid  the  liquor 
milk  of  lime.  It  ia  a  weak  add,  soluble  in  tiikalj 
lead ;  soluble  also  in  ah^ohol  and  ether,  very  a 
coUjur  19  d«  opened  by  alkalis.  The  colouring  m: 
fiutphuric  acid  diasolves  it  with  deep  blue  cob 
(Hadelieh.) 

Guaiacum  subjected  to  dry  distillation  yielda  i 
On  reclilying  the  crude  distillAte,  the  guaiacene  j 
at  higher  temperatareai  and  the  pyrogaaiadu  ii 
distillate. 

Guaiaretic  acid  imbjected  to  dry  distillation  j 
gaaiat-oL 

9jTogiimia^ii%  is  a  cryBtalHne  stib5taiie«, 

alcohol.     From  the  latter  aoktion,  it  separatea  h 

a  reddish  colour.    It  melta  at  183^  C,  and  aoli 

strongly  heated^  it  volatilises  and  forms  a  eij 

With  nitric  and  chromic  acids  it  forms  a  pnrplo-] 

colouj^d  green  by  srsgyichioride  of  iron.     (Pfi 

xvii.   1H3;   Ebermaier^  J.  pr.  Chem.  bdi,  3 

cri.  3S2.)    With  strong  stdpkuriv  acid,  it  forma  a 

becomes  reddish  at  tot,  then  green^  and  iilti 

throws  down  a  darft  blue  i>owder,  and  renders  th 

small  quantity  of  peroxide  of  manganese  be  addet 

without  the  aid  of  heat     An  alcoholic  solution 

acquires  a  dingy  red  colour;  whh ferric  chloride 

Fjrroguitiacin  diasolTes  in  hot  potash-  and  m 

yield  ciipillary  cJTfftaLi  or  iride^cont  lamime,  whid 

and  C'*H='NuO^R'0  rc^ectively.     Tho  Bolutio 

of  jFthrr  a  precipitate  which  soon  turns  blade    (, 

Gtr^ZA&STZC   ACU^,     C^H'»0*.— This 

of  gtiaiacum,  and  amounts,  according  to  filaaiwct 

(.T.  Pharm.  xxrii,  381),  by  treating  the  concentral 

baryta-water,  precipitating  the  baryta  with  uulp 

to  a  eyrtjp,  di6Btddng  in  ether,  and  leaving  the  et 

flirty  maM»c»^  which  were  converted  by  sublimiit 

cinrmmic  or  benzoic  acid,  and  very  soluble  in  wat 

obtajned,  called  by  Thit^rrv  guaiacicttcid,Wtt8 

sitioii  CH-Ol      By  dry  distillation,   it  waa  rm 

guflfacene :  OH*0*  -   CO*  +  C*H»0. 

Hlasiwftz  (Am   CL  Pharm.  cxii  182),  1 
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gtmiflcum  with  potii«h  and  decomposing  the  resulting  potAssiuTn-salt  with  hjrdrocblono 
Hteid,  obt-ained  u  cpeara-colo'urcd  resin,  which  crystAllisod  from  tilcohol  in  needles  of  scalj 
erj-stals,  huring  a  pe^arly  lustre  and  a  faint  but  agreeablei  cnlour  of  Tanillit.  Thi«  pro- 
duct wiw  pogarded  by  Hla»iwetz  as  probably  ideijtii^Jil  with  Thierry's  guaiacic  add. 

A  more  completo  iiiTe^tigation  of  this  crjitallino  acid  by  Hlasiweti  and  Gilm 
(Ann.  Cb.  Pharm.  cxix.  266  ;  Jahreab.  d.  Cbe'm.  1861,  p.  686)  has  ahown,  however,  that 
it  has  the  campoaition  C-*H*0*.  Uenee  Hlasiweta  now  regards  it  aa  distinct  from 
Thierry's  add,  and  designatet  it  as  guaiaretic  acid 

To  prepare  guaiaretic  acid,  Hlasiwetz  and  Gilm  boil  pnlveriaed  goaiac  resiii  witJi 
milk  of  lime  for  half  an  hoiir,  and  exhaust  the  dried  insoluble  residue  in  a  percolator  with 
hot  alcuhol ;  craporat*  llie  alcoholic  solution,  and  dissolTc  the  residue  in  warm  soda-ley 
of  ^peciic  gravity  13;  purify  the  sodium-salt,  which  separates  on  cooling,  by  rectystalli- 
BatioQ  from  water  con tniaiDg  toda ;  decompose  it  with  hydrochloric  acid  ;  and  paniy  the 
guaiaretic  acid  thus  separated  by  reciystalliaatioti  from  strong  acetic  add. 

Guaiaretic  acid  forms  brittle,  concentrically -grouped  needles,  which  are  colourless 
and  inodorous,  permanent  in  the  air,  and  melt  between  7fi**  and  80*^  C*  It  disaolves 
in  alcohol,  ether^  warm  acetic  acid,  sulphide  of  carbon^  and  dilute  putasb,  but  not  in 
ammonia,  and  is  precipitated  fh>m  thopotaah  solution  by  sal-ammoniae.  Its  alDjholic 
solution  is  colomred  grass-green  (not  bind)  by  sesquichloride  of  iron ;  chlorine-wat'cr 
does  not  colour  it  either  green  or  blue ;  and  its  aqueous  emnlsion  is  not  coloured  blue 
by  fuming  nitric  acid  Hence  it  appears  that  guaiaretic  acid  is  not  the  constituent  of 
guaiac  resin  which  produces  tha  blue  colour  with  oxidising  agents.  (Hlasiwets  and 
Gilm.) 

Ths  solutioms  of  gaaiar(!tic  acid  turn  the  plane  of  polarisation  to  the  left.  (Ha  d  eli  ck) 

Goaiaretle  add,  when  quickly  heated,  distils  fur  the  most  part  unaltered;  but  by 
slower  distill  ation,  it  yields  a  yeHow  oily  distillate,  which  is  a  mixture  of  guaiacol  and 
pyroguaiacin  {p,  948)* 

Guniar elates. — Guaiaretic  acid  forms  neutral  and  add  salts.  The  guaiaretates  of 
the  alkali-motnls  are  cryBtallisnblo ;  those  of  the  alkaline  earth-metals  and  heayy 
metals  are  aroorphoiis  precipitate.  The  neutral  salts  are  stable  only  in  presence  of 
excess  of  alkali ;  when  If^ikd  with  water,  they  are  comreited  into  add  salts.  The 
neutral  harium-talt,  C-^H'^^Ba^O*  (at  160<^  C),  is  formed  by  decomposing  the  neutral 
potasiium-salt  with  chloride  of  barium*  The  neuirat  potatnum^alt,  C*"H**K'0'  with 
2HK>  or  3H=0,  according  to  the  mode  ofpreipanition,  ciystallises  from  alcohol  in 
scales  and  gives  off  its  water  at  100*^  C.  llie  acid  poiattium-^ait,  C*H=*K01HK>, 
obtained  by  boiling  the  neutral  salt  with  dilute  alcohol,  or  by  mixing  an  alcoholic 
BolutioD  df  the  acid  with  carbonate  of  potassium,  and  dissolTing  the  precipitate  in 
aqueous  alcohol,  is  a  crystalline  precipitate  which  gives  off  its  water  at  120®  C,  The 
neutral  godium-aalt,  (?*H**Na*0V2H-0,  forms  shining  crystalline  lamin,'e,  which  be- 
come anhydrous  at  120^  C.  The  acid  sodhim-saithns  the  composition  C*n'^NaOMI*0. 

Hadi^lich  has  obtmned  a  tead-^alt  containing  C*n*Th*0*,  whence  he  regiirds  the 
add  as  tetrabastc 

Bromoguniaretio  aeid^  C*'H**Br*0*,  is  obtained  in  loosely  aggregated  colour^ 
less  needl*«,  by  dropping  bromine  into  a  soltition  of  gimiarctic  acid  in  sulphide  of 
carbon  till  the  liquid  acquir<^8  a  brown  colour,  eraiwrstiug  to  dryness^  washing  the 
residue  with  cold  alcohob  and  dissoking  it  in  hot  alcohoL 

A  similar  product  is  obtained  with  chlorine,  but  it  is  difficidt  t-o  pupiijr.  Penta- 
chi^mdf  of  pAoapkoruB  also  forms  with  guaiaretic  acid  a  tenadous  resinous  mass 
difficult  lo  purify* 

OtTiLSriBOrz.     Cn>N»  -  H>{^  (Carbotriamine),  or  ^|n"  (C^andiamint), 

An  oTTianiebase  discovered  and  investigntedby  Strcckcr(ADn*  Ch.  Pharm*  cxviii.  151). 
It  is  produced:  1.  Together  with  parabanic  acid  and  small  quantities  of  xanthine,  oxalnric 
acid,  and  urea,  by  the  action  of  hypochloroiis  acid  on  guanine.  When  guanine  is 
immersed  in  hydrochloric  acid  of  specific  gravity  1  10,  and  crj'stals  of  chlorate  of  potas- 
sium are  gradually  added  (12  grms.  of  the  chlonite  to  20  grms.  of  guanine  in  2  or  3 
days)  till  the  base  is  gradually  di««tilved,  with  evolution  of  gas,  the  solution  then 
evaporated  over  the  water-bath,  and  the  pasty  residue  treatr^d  with  ether-alcohol,  A 
solution  is  obtainnd,  containing  hydrochlorate  of  guanidine,  together  with  the  other 
products  abov<»- mentioned,  Thu  parabanic  add  crystallises  out  iirst;  and  on  diluting 
the  mother-liquor  with  water,  warming  it  with  carbonate  of  barium,  mixing  the 
neutral  ftolution  with  absolute  alcohol,  tiltcring  from  the  resulting  precipitate  of 
oxalurate  of  barium,  xanthine-barytji,  and  chloride  of  barium,  evaptorating  the  iiltrate, 
and  treating  the  residue  with  al*solute  alcohol,  hydrochloratc  of  gunnidine  dissolvM, 
and  after  removal  of  the  alcohol,  may  bo  couTerted  into  sulphate  by  treatment  witK 
sulphate  of  silver.  The  excess  of  fliiver-salt  is  then  removed  by  adding  an  exactly 
equivalent  quantity  of  chloride  of  barium ;  the  concentrated  filtrate  u  mixed  willi 
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absolute  alcobol,  which  soon  throws  down  eryfll 
remaining  in  aolurion).  and  from  this  salt  the  baae 
the  Hwlpharie  acid  with  baryta-wuttT,  and  evapora' 

2,  By  heating  biurpl  (L  600)  to  160°— 170^  C. 
in  pmftll  quiiOtitY,  by  Ijoiling  that  compound  with 
ar  CH*N*  +  CO*     (Finckh,  Ann.  Ch.  Pharm.  c 

Guanidine  thiia  obtained  ia  a  ctyfltalliu**,  atroi 
taate^  When  exposed  to  the  air,  it  deliqueKWi  ai 
with  acidSf  forming  cryBtalLine  salts. 

Carbwaic  of  Guanidmc,  C^W^'O*  -  (ch«iJ' 
Bolntion  of  the  base  in  an  open  vessel,  or  by  deco! 
of  iTarium,  crystalliBpa  in  quadratic  octnhedpoaa,  i 
a>P,  oP,  ooPoD  and  P.  It  is  rery  eolubte  in  wat4 
the  air,  and  whon  heated  above  126^  C.  gives  off 
bonate  of  ammoninm,  togt^ther  with  a  white  diffim 
ydlow  residue  resembling  mellone.  The  alkabu 
preeipitates  with  calcium-,  barium-  and  silver-salt 

Ht/drochiaraU  of  Guanidrnf  crystallipea  with 
chioroplaiinate,  CH»N'.HCLI^C1»,  cryetalliaes  iron 

^UraU  of  Guanidint  forms  prismatic  crysta 
water,  and  when  heated  with  nitnc  acid  appear  to 

Aeid  Oxalate  of  Guanidim,  CH''N".CHK)*.H»0 

cryetAlg,  sparinglr  solnblo  in  water.     The  sulpkat 
in  water,  inaolubl©  in  wlcohoL 

Guanidine  lh  related  iu  eompoaitioE  to  iievfml  c 


Cvbo-  Mtthjleiirbo- 

trtamiDc.  trUTnlnc. 
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mSAnUStm,  C^n^N*©.  (Bodo  Unger  [! 
Neubftucr  and  Kernerp  ihid,  d*  318. — Strec 
All  organic  bflsic  obtained  from  guano.  It  exist 
in  the  Peruvian^  sparingly  in  the  African  (Ung©3 
of  the  excrements  of  the  garden  »pider,  and  is  fii 
cmb,  and  in  tlie  Bojanian  organ  of  the  pond  muasc 
Ann.  Ch.  Fharm.  Ix.  117);  also  in  tho  pancroaa  < 
and  in  the  scales  of  the  bleak,     (Barreawil,  Cot 

Prrparfttion  from  Gumio. — 1.  Guano  is  boiled 
sample  exhibit*  no  longer  a  brown  but  a  green 
filtered ;  the  filtrate  neutralised  with  hydrocbloF 
acid  and  guanine,  whit'h  is  completely  precipitati 
hydrochloric  acid  to  extract  the  latter;  the  filtr 
guanine  crystallises  out ;  the  crystals  purified  h\ 
guanine  precipitated  from  the  aqueous  sohitioi 
product^  after  wa-shing  and  drying,  amounts  to  \ 
yelluwiish  guano  thus  obtained  ia  treated  with  cxci 
with  aid  of  heat;  the;  liquid  is  decanted  before  th^ 
solved  portion,  already  a  purer  sali^  is  collected 
nmnner  till  ammonia  precipitates  white  guanine 
pended  in  water  ia  gradually  mixed  with  milk  of 
and  the  brown  soktlon  is  strained  through  a  cloth 
till  the  liquid  becomiis  colourless.  By  iMs  metiJia 
acids  Hnd  other  substances  (including  nitrate  of  ui 
are  removed,  while  guanine  and  uric  acid  rema 
residue  is  now  repeatedly  bulled  with  carbonate  « 
are  mixed  with  acetate  of  sodiutn,  and  then  with  hj 
to  produce  a  strong  acid  reaction.  The  precipitate 
is  wn shell  with  modi-nitely  dilute  hydrochloric  aci< 
solution  of  hydrochlumte  of  guanine,  filtered  from 
hydrochlorate  of  guanine  thuj  obtained  still  oonla 
gmmine  la  precipitated  from  the  solution  by  boih 
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oolved  in  hot  nitric  fK>id  to  decompos^e  the  one  acid;  And  frora  the  futmtd  of  gnumte, 
which  cryfltalliscfi  from  tbij*  sulitliun,  the  pure  h&s«  ia  precipitated  by  ammonia. 

3.  According  to  Neiibauer  and  Kem^r^  pure  guanine  is  most  easily  obtnined  by  dU* 
ftolriajS;  the  compound  of  f^uanine  with  nirrcuric  chloride  in  very  dilut-o  hydrochloric 
Acid,  ci^com posting  the  compound  with  siilphydric  acid  gaa,  and  precipitating  Uio  colo un- 
less filtrate  irith  ammonia. 

Guanine  is  a  whita  amorphouii  powdfir  insoluble  in  wai«>r^  alcohol  and  ether.  A 
hydrate  of  the  base,  eontaining  7*1  per  cent  water,  is  obtained  by  decompo^riD^  !ho 
euiphato  with  ft  huge  quantity  of  water.  It  resembles  the  anhydrous  base^  retains  its 
water  at  100**  C.,but  gives  up  the  whole  of  it  at  126*'. 

Guanine  is  decomposed  bj  digestion  with  hydrochloric  add  and  chkwate  ofpotaimttm, 

fielding  gu&ni  dine  and  parabanic  add,  together  with  smaller  quantities  of  ox  a* 
uric  acid,  x  a  q  t h  i  q  e  and  u  r  ea^    The  formation  of  guanidino  and  parabanic  add  is 
fefPMentad  by  the  eqtiaUoa  t 

C»H>N>0   +   H*0   +    0»  «  CH*N'  +   C"HWO*   +   CO'; 
Ouinin*.  GuftnU  Panbaiite 

dine.  Acid. 

that  of  z  ft  nth  toe,  which  is  formed  in  small  quantity  osily,  by 

2C*H'N*0   +   G*  «  2C*H*N^0»   +   H»0   +   N*. 

Nitrous  acid  converts  guanine  into  xanthine,  the  transformation  b»ing  exphiine^l 
by  the  equation  just  given  (Strecker), 

permanganate  qfpoias9iwmt  added  to  a  solution  of  guanine  in  caustic  soda,  converts 
it  into  oxygnanine,  C^H**^*©*,  with  formation  of  carbonic  anhytlHde,  oxaEc  acid, 
ammonia,  and  urea,     (Kerner.) 

Guanine  appears  to  be  sometimes  converted  in  the  animal  organism  into  nrea: 
when  added  to  the  food  of  rabbits,  it  increases  the  quantity  of  tirea  excreta  in  the 
urine,  which,  moreover,  does  not,,  under  the  same  circumstances,  contain  either  guanine^ 
line  acid,  or  hippuric  acid :  part  of  the  guanine  was^  however,  found  in  the  solid 
ejtcremeDts.     (K  erner,  Ann.  Ch.  Pharm.  ciii,  2i9.) 

Compounds  of  (ruanifu. — Guanine  unites  Tinth  acidi,  with  alkalis  and  other  me- 
tallic oxides,  and  with  metallic  sxdts  and  chlorides.  It  dissolves  in  the  stronger  adds, 
but  not  in  formic,  acetic  lactic,  citric,  eumnic,  or  hippuric  acid  (Neubauer  and 
Kern  or).  The  compounds  of  cuflmne  with  acids  are  very  anatable;  they  arc  all  de- 
C4jm  posed  by  water,  and  those  whidi  contain  volatile  adds  are  like  wise  decomposed  by 
heat     (Unger.) 

HydrobromaU  of  Ouaninf,  6(C*fl»N*O.HBrX7H-0  (?X  crystaUises  from  a  hot  solution 
of  reoentlj  precipitated  guanine  in  bydrobromic  acid,  in  yellowish* white  priitmatie 
tkesdltCi  wnidi  effloresce  below  100°  C,  melt  at  about  180°,  and  give  o&[  their  aeid  at  a 
itrongFr  heat    (K  erner.) 

Bifdrockioratf  of  Guanim-,  G*pN»D.Ha.H^O,  is  obtained  in  delicate  needles  hr 
dlssolying  guanine  in  strong  boiling  hydrochloric  add,  and  leaving  the  soluticm  to  cooL 
The  water  of  crystallisation  is  expelled  at  100°,  and  the  acid  nt  2W^.  Guanine 
absorbs  hydrochloric  acid  gas  and  forma  a  dihydrochlorate,  C*H'N*0.2IIC1,  which 
gives  off  half  it«  acid  at  100*'  or  in  vacuo,     (Unger;) 

Monohydrochlonvte  of  guanine  forms  crystalline  compounds  with  the  chlorides  of 
cadminm,  ainc,  mercury,  and  platinxun.  The  mdmium-sait^  2(C*H*N^O.HCl).5CdCl 
+  1  aq,,  separates  on  mixing  the  moderately-concentrated  solHtions  of  the  component 
■alts,  in  dru^  iiggregat4?g  of  thin  white  hunince.  The  ffnc-aait,  G*H*N*0,HCl.ZnCi|H'0, 
is  obtained  in  Urge  crystals  on  adding  hydrochlorate  of  guftiiine  to  a  very  strong 
solution  of  chloride  of  sine.  The  menjury-salt,  (2C*H*N*0  HCl),Hg"Cl'.H»0,  is 
obtained  by  adding  an  alcoholic  solution  of  mercuric  chloride  to  strong  solution 
of  hydroddorato  of  gunnine  (Neubauer  and  Kerner).  The  piaiinum-Mii, 
C*H*N*O.HCl.2PtCR2H*0,  is  deposited  in  orange-yellow  crystals  on  mixing  a 
boiling  solution  of  the  hydrochlorate  with  dichloride  of  platinum.     (Unger.) 

Htfdriodate  of  Guanine,  6(C*H*N*O.EI).7H*0  (?),  crystjiUises  in  the  same  form  as 
the  hydiobitimate ;  it  is  sparingly  soluble  in  pure  w»ter,  easily  in  dilute  hydriodic  acid. 
"When  exposed  to  air  and  light,  it  turns  yellow*  The  mother-liquor  yielda  lemon-yellow^ 
concentrically*giouped  lammtB,  containing  a  larger  quantity  of  iodine,  (Neubauer 
and  Kerner.) 

Nitrate  af  Guanine.  A  solntion  of  guanine  and  boiling  nitric  acid  depoaita  on 
coolinK  capiUary  interlaced  crystals  of  the  nomtral  nitrate,  0*H»N»0.NHO».|H»O, 
and  shortened  prisms  of  an  acid  salt,  C*H*N'0.2NHO».2HK).  Berenl  intermediate 
nitrates  appear  also  to  exist  A  nit  rati  of  mercurosum  and  guanine  is  obtained  on 
mixing  the  solutions  of  the  compound  salU  in  aystaU,  whi<i  dissolve  sparingly  in 
water,  and  deflagrate,  emitting  white  fumes  when  heated,  (Unger.) 

Oxalate  of  Guanini,  3C*iI*N*0.2C^H»0*,  sepacatea  on  mixiiig  a  soltttion  of  tli« 
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hydpocblomt^  with  oxalate  of  atnnioiiitimt  in  czystab  wliich  do  not  giTc  off"  1 
ftt  100°  C.    (Uuger.) 

PkotpkaU  of  Guanim  separates  iu  cryBtoU  from  iUsolutioD,  but  is  difficult  I*  o1 

pom. 

SulphaU  0/  Guanine,  2C*H*NK).H^*.2H«0,  obtained  lay  diluting  with  ^ 

solutjoQ  of  giiatiine  in  strong  milphujic  acid,  forms  j&llowuh  ii«odle«  MMlustiaM 
inch  long,  which  pro  off  their  water  at  120*^  C.  (Ungor).  A  tulpkaU  ^f^Umr 
^amne  ih  obUiniHl  on  addiDg  ntUrate  of  nilTer  to  a  T«iy  dilute  soltitioa  of  cnl^An 
giLAnine,  as  a  bulky  translucent  prt'dpitat«,  which  shiinbi  reij  nxuch  in  diTlJ^ 
kareia  a  hard  mass  of  a  pnJe  flpsh-colour.     (Una er.) 

Tartrats    of  Guaninf,   3C*H*N»0.2C*H*0».2H*0,   sefni&tes    from     a    dHol* 
Bbroni^lj  acid  fioludonj  in  jeiUtwish  radi&t^  Dodulefl,  which  do  not  gire  oW  mnjil 
atl20*'C. 

Ctrmpounds  of  Guanint  with  Mttallie  oxides  and  mIU.  Gaanine  diaewlTes  in  aqii 
»i>1uittonB  of  the  caustic  tiiBod  alkalia.  A  strong  solution  of  caQfliic  mm^o,  satnr 
with  gtmnine,  and  then  mixied  with  a  lai^  quantity  of  alcohol^  deposta  the  eompc 
C*H*K*0.NaH0,2H*0,  in  conftised  lamiasB,  which  efflore«oo  in  the  mir,  and  up 
ah«orb  okrbonic  acicL  Water  diMXXDpoiM  them,  dissolving  the  soda  and  cepentiag 
guanine  (Unger).  A  barium-cm^und  of  gitanine^  C^H"Ba^*0,  sepora&ef 
cooling  £rom  a  tolutjon  of  gunnine  m  bairtit-water,  in  noedle'-ahaped  pnsnu^  wi 
befioi&'e  opaque  when  driod  oTer  oil  of  ritrioL 

A  compound  of  guanino  n*ith  mereuHc  chtaride^  C*H*N*03^'*Cl*,fH^,  15 
ta.ined  aa  a  white  crystallino  powder  on  adding  a  cold-Bat  orated  aqur^ous  aoluti<j^ 
mercuric  chloride  in  »ligbt  excess  to  a  moderately  ooneentratcd  aoloUon  of  by 
chlorate  of  guanine.  It  dii^soWes  rcxidily  in  acid^  and  in  cyanide  of  pota« 
(Npubaucr  and  Kerncr).  A  compound  of  guanine  with  miimie  0/  &i 
C*H*K*O.A^NO',  is  pfodiiced  on  mixing  the  solutions  of  nitrato  of  alTernnd  nitn 
guanine  (Streckcr),  On  adding  nitrata  of  silver  to  a  very  dilnte  aolnttai 
sulphate  of  guanine,  a  hulky  t^antilQM'ot  precipitato  is  formed,  which  ahrinks  ' 
much  in  drying.  When  decomposed  by  Einc,  it  yields  isilrer,  gmuiiney  and  snlsA 
acul,  but  no  nitric  acid,     (U  Dger.)  ^^ 

jritrQin&niiie.  When  gtianine  ia  diaaolTed  in  nitric  add  of  specific  grnTi^1|^H 
at  tla^  l>oilin^  boat,  and  the  solution,  after  boiling  till  it  no  looker  giyes  n  fPMJii 
prccipit^at©  with  ammonia,  is  left  to  cool,  or  evaporated  to  a  syrup  and  prrripii 
with  wttt*!r,  goldeu-ycUow  flocks  are  obtained,  haying  the  composition  of  nttrm 
futri^^gtutninr^  C*H'(NO')N*O.HNO\  the  mother-Hquor  retoinLug:  a  pottlo^H 
same  compound,  together  with  oxalic  acid  A  slightly  alkaline  solution  of  ^^| 
compound  ^'ielda  orango-yellow  pff?cipitatoa  with  acetate  of  lead,  mid  &  din^^l 
grc^n  precipitate  with  acetate  of  copper.  The  silver  compound  has  the  fen 
2C*H\NO')N*0.3Ag=0.  (Neubuucr  and  Kerner.) 

When  to  the  warm  solution  of  nitrate  of  nitroguanine,  crystals  of  nitrite  of  p 
^ium  are  gmdually  added  till  a  bri^^k  crolution  of  nitrons  fumes  takes  plmoev  and 
solution  id  then  potircd  into  a  large  quantity  of  cold  water,  lemon^vellow  fioeki 
precipitated,  which  appear  to  consist  of  a  mixture  of  x&nthino  &nd  nitroxaatl 
(Strecker.) 

Oxymanlne.  C"'H'*N«0»  (?).— When  a  solution  of  guanino  in  cnnstie  nd 
tPfjjitod  with  a  solution  of  pt^nnftngauate  of  pota*8ium  till  the  liquid  assnoK 
reddish-yellow  colour,  oxyguanine  is  iformt<  together  with  carbonic  acid,  oxalic  i 
ammonia,  and  urea,  and  separates  from  the  ftlkaline  f^>tution,  on  addition  of  by 
chbrie  acid,  m  an  amorphotis.  gelatinous,  reddinh- white  precipitate.  It  i-s  inodo 
and  tastele*^  innohible  in  wnter,  alcohol,  and  ether,  and  disaolre*  but  partially  1 

heated  with  acids:  from  the  nitric  acid  solution  it  separates  unalter»^d  on   evi   

It  disBolres  with  facility  in  ammonia,  potash,  soda,  linir- water,  and  baryta-^ 
is preeinitated  from  thise  sohitioni  by  carbonic  acid  ;  it  is,  however,  -^^^    ' 
the  acid  carbonates  of  the  alkali-metals.     Its  solubility  in  anunoni 

from  guanine.     It  does  not  unite  with  addn     The  ammoniacal  solir  

pitates  with  eeetate  of  lead  and  nitrate  of  silver.  The  fiilTer^compouad  arrfwii' 
contain  C"H"N'0».Ag»0.     (Kerner,  Ann  Ch.  Pharm.  ciii  249.)  ^'^ 

OtTAJro,    A  suhsifince  found  on  many  of  the  small  ishmds  of  tbe&fitfi^^n  n* 
sear  the  co»*t«  of  Peru  and  Boliria,  and  on  the  south-west  of  Africa.      1 
the  excrenientitioua  deposit  of  aea-birds,  mod  occura  in  beds  60  or  60  f 
forma  a  very  powerful  iind  valuable  manure,  for  which  purpose   it  has  L««^JH 
sgea  in  Paru^  and  \iithin  the  last  twcuty  ye-ara  enormous  quantities  of  it  3^1 
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imported  into  England  and  other  countries  of  Europe  Ibr  agricultural 
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oxalic,  phoflphoric.  and  carbonic  acid« ;  aim  phosphatMi  and  sulphaton  of  earthy  and 
alkaline  bases,  together  with  water,  organic  matter,  clay  and  sand.  Its  composition  is 
Tcry  Tariable,  and  it  is  often  adulterated. 

The  following  table  will  give  some  idea  of  the  rariations  in  the  composition  of 
unadulterated  guano  (Pelouze  et  Fr^my,  TVaiH  2**  6d.  Ti.  596): 

Composition  of  Guano. 


Combustible   organic  matter. 

African. 

AmcrirHn. 

' 

"* 

' 

uric,  oxalic,  ulmic  acid,  &c 

39-6 

370] 

fll-3 

36-6 

360 

Ammonia  in  the  form  of  car- 

• 

42-69 

. 

bonate,  urate,  &c 

9-6 

9-5  i 

31-7 

8-6 

7-6 

Fixed  alkaline  salts,  sulphates. 

phosphates,  chlorides,  &c  . 

7-3 

6-6 

708 

81 

6-5 

8-2 

Phosphates  of   calcium  and 

magnesium 

17-6 

18-0 

22-39 

22-5 

20-6 

22-6 

Oxalate  of  calcium 

,    , 

,     , 

, 

2-6 

Sand  and  earthy  matters 

1-3 

0-6 

0-81 

1-6 

1-6 

2-6 

Water 

260 

28-5 

2713 

22-2 

260 

260 

1001 

1000 

100-00 

1000 

99-6 

100-8 

The  ralue  of  guano  depends  chiefly  on  the  quantities  of  ammonia  and  phosphoric 
acid  which  it  contains. 

For  farther  details  on  the  composition  of  guano,  and  for  the  method  of  estimating 
its  commercial  value,  see  Ur^s  ])icti<mary  ofArU^  Manufactures,  and  Mines,  ii.  413 ; 
also  Anderson* 8  Agricultural  Chemistry,  JBdinburgh,  1863,  p.  204. 

OV AXIM  ITS.  A  silicotitanate  of  calcium,  haying  the  same  composition  as 
sphene  {^q.  v.),  from  Monte  Somma,  where  it  occurs,  together  with  sphene,  in  blocks  im- 
bedded in  tu£i)  and  chiefly  consisting  of  glasey  felspar  and  nephelin.  The  crystals  are 
dimetric  (c«:  0*3712),  exhibiting  the  noes  oP,  Poo  (with  lateral  edge-angle  ^  A(P  44*), 
2Poo ,  ooPoo ,  ooP,  a>P2,  ooP3.  They  are  tabular  between  oP  or  ooPoo ,  and  deare, 
not  Teiy  perfectly,  parallel  to  ooPao.  Colour  sulphur-yellow.  Lustre  adamantine. 
Transparent  to  transbicent  Streak  dull.  Powder  whitish-grey.  Fracture  irregular. 
Hardness  ^  6.  Speciflc  cravity  «*  3-487.  The  mineral  melts  before  the  blow-pipe, 
without  much  change  of  colour ;  floats  in  small  pieces  without  alteration,  in  a  bead  of 
phosphorus-salt  or  borax.  Strong  hydrochloric  acid  dissolves  it  partially,  leaving  a 
residue  of  silica.  It  gives  by  anafysis  33*64  per  cent  SiO*  33*92  Ti^,  28*011  Ca^O, 
with  traces  of  ferric  and  manganic  oxides. 

Guarinite  likewise  occurs  (without  sphene)  in  a  greyish-violet  trachyte,  implanted  on 
nephelin ;  rarely,  together  with  sphene,  in  the  mixture  of  augite  and  mica  which  is  so 
frequent  on  Somma.    (Guiscardi,  Cimento,  vii.  448.) 

OVATAOAVZra.    Sec  Enaboptb  (p.  488). 

OUZKOTBA  OltEXrwaLAm  The  oleaginous  seeds  of  this  plant  contain  7*02 
per  cent  water,  43*22  oil,  19-37  albuminous  substances,  13*37  sugar,  gum,  &c.,  14*33 
cellulose,  and 3*48 ash,  »  10008.  Nitrogen  —  310 per  cent  (Anderson,  Highland 
Agr.  Soc.  J.  new  series,  No.  69,  p.  376.) 

OVBK.  Gomme,  Gummi,  Pflaruensehleim.  (Gm.  xv.  193.— Qerh.ii.  497.)— A  vege- 
table substance  which  forms  a  thick  glutinous  liquid  with  water,  is  insoluble  in  alcohol, 
and  is  converted  by  nitric  acid  into  oxalic  and  mucic  acids.  Gums  are  veir  abundant 
in  the  vegetable  kingdom,  existing  indeed  more  or  less  in  all  kinds  of  plants.  Six 
kinds  of  gum  are  known,  vis.  gum-arabic^  gum  Scnraal,  cherry-tree  or  native  aum,  gum 
of  Bassora,gum  tragacanth,  and  gum  of  seeds.  The  first  five,  which  are  called  gums 
proper,  erade  spontaneously  from  the  steins  and  branches  of  trees,  and  sometimes  from 
the  fruit ;  they  are  more  or  less  soluble  in  water,  both  hot  and  cold.  The  sixth  kind, 
the  gum  of  seeds,  also  called  mucilage,  differs  from  the  gums  proper,  in  not  being 
soluble  in  water,  but  merely  swelling  up  when  boiled  with  water. 

1.  Gum  Arabic.  This  gum  exudes  spontaneously  from  several  kinds  of  acacia 
{A.  vera,  A.  arabica,  &c)  growing  in  Arabia  and  in  JBfn'pt  It  forms  small  trans- 
parent tears,  white  when  pure,  but  generally  having  a  yellowish  or  brownish  colour, 
and  cracking  in  lUl  directions  on  exposure  to  the  air.  It  diswlves  readily  in  water, 
and  the  solution,  acidulated  with  hydrochloric  acid  and  then  mixed  with  alcohol,  de- 
posits white  flakes  dT  arabin  or  arabic  acid,  C"H*H)"  (L362),  Fitey's  gummio 


n-r 


t  lit      111! 


954 


GUM. 


acid.  Thts  acid,  in  eomWnation  with  lime,  magfiiea 
the  CMffOtial  pail  of  gum-urabic*  When  a  solntioi 
Bsdi  of  lead,  coppor,  &c.,  a  pivcimUt*;  is  formrni  com 
The  lead-compound  oontoins  Om^WO'KWO.  Th 
and  wLrths  are  nolublo  in  water,  but  aro  prmpitated 
The  specific  grftTilyof  gum-ambic  ia  1*355,  It  ct 
I7-6O  water,  the  remainder  contfiatinir  of  saline  anc 
of  calcium^  which  may  be  extracted  by  hot  alcfi 
potassium,  acetate  of  potaaainm,  and  traces  of  salica, 

Th(>  aqueous  solution  of  gum-arabic,  and  of  the  q 
are  soluble  in  wat^r,  turns  the  piano  of  polarisation 
pure  arabin  [a]  =.  —36°  (B^champ).  The  aolu 
the  air*  and,  according  to  Fermond  {BtrthdotM 
after  a  long  time,  into  a  peculiar  sugar,  which 
Maumene,  on  the  other  hand  (Cbmpt.  rend,  xxi 
laeTo-rotatory  power  unaltered  for  months. 

Gum-arabic  left  fur  some  time  in  contact  witb  dih 
di^xtriD,  and  on  boiling,  into  a  fermentable  dextrc 
with  galactote^  the  product  obtained  from  milk-sugai 
Chim.  org.  il  219). 

When  strf>nff  aulphurie  acid  la  covered  with  a 
ordinary  gum,  the  gum,  after  etanding  for  some  h 
motagummic  acid;  but  gum-ambic,  preriously 
not  converted  into  metagummic  acid  under  these 
pulverised  gura-ariibic  ia  triturated  with  strong  a^ 
altar  some  hours ;  and  on  diluting  irith  water;,  nenl 
the  solution,  and  evaporating,  sulphogummic 
peculiar  gum  rcaembhfig  that  which  is  produced  frc 
acid  (Braconnot),  and  not  capable  of  fermenting 

Gum-arabic^  b fated  with  moaarat^ly  strong  nitr\ 
of  mudc  saccharic,  ojtaljc  and  tartaric  acids.  Will 
stitation-producta. 

Oum^  heated  in  sealed  tubes  with  hromin*^  yiald 
probably  C^'H=*0^»Br*,  whicli,  when  treated  with 
caustic  sodiiL,  is  converted  into  i  s o d  i  gl y  c 0 1 e  thy  1  e 
Hlasiwetz,  Ann.  Ch.  Pharm.  ocxii.  9fl).  Guin*an 
npoD  by  ehforint\  either  moist  or  dry,  and  very  slowlj 
tity  of  carbonic  anhydride  being  evolved.  Gum-arab 
of  potassium,  and  iodin^^  yield*  iodoform.     ( M  i  1 1  e  1 

Gum  solution  does  not  ferment  with  ytttsL  Gum 
gastric  juice.  Left  in  contact  with  chcdk  and  c^ee* 
yields  alcohol  and  a  small  quantity  of  lactic  aci 
mail  nite  or  glycerin.     ( B  er  t  h  e  1  o  t. ) 

Gum-arabic  is  much  used  in  medicine  to  form 
in  numemus  procpsses  in  the  arts.      It  is  added 
tan n ate  of  iron,  which  would  otherwise  separate  froJ 
similar  purpose.     Large  quantitiea  of  it  are  also  m 
silk,  for  thickening  colours,  &c. 

2.  Gum  Senegal^  obtained  from  a  species  of  aca< 
is  verjr  much  like  gum-arabic.  It  occtirs  in  commo 
the  sues  of  a  partridge's  egg,  or  eometimos  lai^r 
gravity,  1-436.  It  contains  8 MO  per  cent,  arnbin 
aaline  matters.  It  forms  a  somewhnt  stronger  mucil 
used  in  calico-printing  for  thickening  the  colours  an 

3.  Chf  rrg -tree  gum^  which  eiu des  from  tre«i < 
cjommerce  in  large  sliinlng  reddish  lumps,  otUm  c 
forms  a  thick  mucilage  with  water,  hut  is  only  partii 
contuius  arabin,  «iid  the  insoluble  portion  contains 
character,  which,  according  to  Fr«^my,  is  a  compound 
Cherrj'-tree  gum  contains  621  per  cent,  anibin,  Hi 
matter.     It  is  used  tiy  hatt-ers  for  smoothing  the  nap 

Mfiaqnmmic  aad,  the  organic  constituent  of  C63 
anibic  by  leaving  a  syrupy  salutiou  of  that  snbsti 
(sec  above),  by  hcjiting  the  solid  gum  for  some  time  ' 
oxmlie  add  (Fr^ray).  When  prepart-d  by  the  fii 
cent  C,  602  H  and  63  02  O,  ngreeing  approximatelj 
IS  insoluble  in  alcuhol,  nm\  \^  not  JiJrercd  by  boiling 


GUMMIC  ACID. 


B5S 


wjlh  alkaline  wai^  or  mth  n  Rmall  quantity  of  limr^  it  ii  eODYCtted  into  a  salt  of 
jiTHbic  acid.  In  like  manner,  n&mr.il  cerafiin,  and  metAgummate  of  colciiun  obtained 
hy  beating  ^tun-anibic;,  are  dissolved  by  boiling  with  wattT.  Natural  cerflsin  likewise 
diMolves  more  easitjr  when  boiled  with  water,  alter  addition  of  an  alkaline  carbonate,  and 
with  aeparatioa  of  carbonate  of  calcium  (Fr^my).  Ceraain  boilod  with  nitric  aeid  of 
specific  grayitj  1*139  jield»  as  much  mucic  acid  aa  gum-arabic     (Gii^rin*Varry,) 

4.  Gum  of  MaMiora^  which  appears  to  bo  the  produc^^  of  a  cactus,  is  white  or  hoaej- 
colonred,  mealy  and  silTery  on  tho  surface,  and  in  the  form  of  somewhat  flattened  and 
elongated  masses.  It  ia  insipid,  snd  cracUes  between  the  teeth.  Id  water  tt  sweUmp 
to  a  trana^arent  jelly,  but  only  a  wmeM  portion  dissolrea.  The  soluble  portion  con- 
tains anbia,  amounting  to  about  1  per  cent^  of  the  gum;  the  insoluble  portion  contains 
basBorin  (i.  fil&);  it  diasolyes  with  the  aid  of  heat  tn  potaah  and  in  weak  acids. 

£  Gum  Trcgacanth  ot  Adragant  exudes  from  the  Astragalu*  verns^  a  tree 
growing  in  Armenia  and  the  north  of  Persia.  It  is  met  with  in  contorted  or  Termicu- 
lated  tliroads,  whit-e  or  yf«llow,  and  opaque  ;  specific  gravity  1*384.  It  swells  up  in  water 
and  dissolves  to  about  one*half.  The  soluble  portion  contains  arabin  ;  the  insoluble  por- 
tion contains  grains  of  starch*  and  is  turned  blue  hy  tincture  of  iodine.  It  is  dineolvcd 
almost  completely  by  dilute  sulphuric,  hydrochloric  and  oxalic  acids  at  a  tcmpcrattLrc  of 
90**  or  100"^  C.  The  fi^ltered  liquid  treated  with  alcohol  deposits  flocks  of  arabin,  and 
a  coneiderahle  quantity  of  glucose  remains  in  solution.  Gum  tragacanth  dissolves 
almost  entirely  in  watcT  when  boiled  with  it  for  some  lime.  It  contains  63*3  per  cent, 
arabin,  33*3  haasorin  und  stJLrch,  110  water,  and  2  to  3  saline  maltejs.  It  is  uaed  in 
medicine  and  in  calico-printing,  also  by  shoemakers. 

6.  ^  u  m  of»  teds  and  roots,  or  AT  if  c  Hag  «.— This  suhetance  appeui  to  be  auniTer* 
sally  difihsed  oonf^tituent  of  plants,  and  is  especially  abundant  in  marah*mallow  root,  in 
the  tuheta  of  various  spedee  of  orchis  (SaU^  mucitage),  the  seeds  of  Ftantaffo psytUum^ 
linseed,  the  eeeda  of  quinces,  and  or  vanoiu  spcdes  of  Salvia  and  other  Labiattt^ 
in  the  bark  and  leaves  of  the  lime  and  elm,  and  in  certain  algm  especially  Sfhtro* 
eoeeut  eritput^  of  which  it  forms  nearly  the  entire  substance,  and  Fucus  tacckarinus. 
By  steeping  eitJier  of  these  seeds,  roots,  &a,  in  hot  water,  tlie  miicilw  i»  obtained  in 
the  fbrm  of  a  thick  jelly,  consisting  of  minute  eella  enclosing  a  eolabls  snbetaneeii  and 
BwoUen  by  absonvtion  of  water.  On  digcfiting  it  with  dilute  sulphuiie  add  at 
%ip  to  KitP  C,  it  dissolves  com^jletcly,  and  the  eolution  containa  0ucoio.  To  obtain 
the  soluble  rart  of  mucilage,  hnaeed  is  shaken  up  with  cold  acidulated  water,  the 
liquid  filteroa  and  heat<c*d  to  eoa^kte  albumin,  then  concentmted  and  precipitated  by 
alwliol.  The  substance  thus  obtained  is  less  transparent  and  brittle  than  ordinaiy 
gum.  It  is  soluble  in  eold  water,  but  the  solution  is  not  so  clear  or  so  ductile  as  that 
of  gum .  According  to  N  a  g  e  1 1  and  C  r  a  m  e  r  ( Pharm.  Cen tr.  1 845,  n.  4a&),  it  swells 
UP  when  water  is  poured  upon  it,  but  does  not  form  a  true  solution.  It  ia  insoluble  in 
mcohot,  and  is  precipitated  from  its  aqtifiona  eoltition,  or  infusion,  by  tincture  of  galU. 

The  aqueous  solution  of  the  mucilage  of  Pl^ntago  ptyUium  is  not  altered  by  dilate 
aeidN  but  quiDCC-mneilage  is  coagulatixl  by  acids,  alkalia,  and  many  salts.  Hucilajge 
boiled  with  nit  He  acid  yields  oxalic  acid,  and,  according  to  older  autfaoritiee,  likewise 
mncic  acid.  According  to  Niigcli  and  Cramer,  quince-mucilage  yielda,  with  mtrie  acid, 
nothing  but  oxalic  acid.  The  ash  of  mucilage  contains  carnr>TiBt4i  and  phosphate  of 
calcium,  sometimes,  also,  magnesia,  iron,  and  potash. 

7-  A  rtificialgumt. — a,  British  Gunu  Art{/ieial  Gum^  or DestHn,  produced  by  the 
torrefactiou  of  starch,  resembles  gujn  in  forming  a  viscid  solution  with  water ;  but  thia 
solution  turns  the  plane  of  polarisation  of  a  ray  of  light  to  the  Hghlv  whereas  the  soln* 
tions  of  all  natural  gums  turn  it  to  the  left,     (See  DxxTJirK.) 

*.  Gum  from  Sugar,  C*«H*«0".— This  gum  is  produced,  together  with  Budufdi'a 
gum  n  lie  acid,  in  the  oxidation  of  glucose  by  cupric  salts.  It  is  precipitated  by  baaetettstt 
of  Ie4id  (p.  956)  and  freed  from  lead  by  sniphydric  acid  and  from  adhering  gmnmia 
acid  b^  evaporation  (the  gummic  acid  bein^  then  carbonised)  and  filtration,  and  then 
precipitated  b^  alcohol  It  obstinately  retams  a  portion  of  the  alkali  used  in  the  pre- 
para*.ion.— It  is  very  hygiOBOopic,  nearly  tasleleas,  and  easily  soluble  in  water,  forming 
a  solution  which  may  be  used  for  the  same  purposes  as  ordinary  gum.  Nitric  add  con- 
verta  it  into  oxalic  acid.  By  lioiling  with  sulphuric  add,  it  is  reconverted  into  a  sngv 
which  reduces  cupric  salts.  With  cupric  acetate  and  ezeeas  of  alkali,  the  gnm  forms  a 
trunspsrent  blue  liquid,  which  when  boiled  deposits  a  greenish  precipitate  not  altered 
by  f  i n:.l  o  n  ^z c  d  bo ili  ng.     ( K  e  i  c  h  a  r  d  t. ) 

<^iriltimc  AGZ31,  Fr^my's  name  for  the  ovganic  acid  (Keubauer's  arabin  or 
arabie  acid)  which  in  combination  with  lime  (and  according  to  Neubauer,  also  with 
magnesia  and  potash)  constimtes  gum  arabia  Fr^my  regards  the  relation  between 
gummic  and  metagijmmic  ncid  (p^  954)  as  similar  lo  that  whi<A  exists  between  solttbl« 
pectin-substances  and  insoluble  peetoae. 
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The  j»nie  name  is  applied  by  EetchaTdt  (Ann.  CL  PhAna-  cxxriL  30©)  li> 
emUilline  licid  CH**0'*,  which  ho  fiiidi  to  be  produced, together  with  a  peculiftr  kia 
U  gain,  in  Ihe  oxidation  of  glucose  hy  cuprit*  oxid«  in  aUufcliaa  aoluttOD  (pw  8G0)  t^ 
reaction  tiikltig  place  in  the  m&nm^T  »iiown  by  tbo  eqaalion ; 

iCH'O*   +    20Cu*O   ^   2C«H"0'»   +   C"H*H)"  +   HK>  +   10Ca*O- 

To  prepare  gummic  acid,  cupric  acettito  mixed  with  a  slight  excess  of  alluLlI  is  heftta 
to  about  60*^  C.  and  glucose  added  till  the  redaction  is  complete,  small  portiom  c 
alkali  being  added  from  time  to  lime,  tom^lace  that  which  ha«  been  neutmfised  by  di 
gommic  acid  formed.  The  filtered  liqma  is  then  neutralised  with  acetic  acid ;  th 
guBunic  add  ia  precipitsited  by  Bulphydric  acid  or  chloride  of  boziaBii  and  the  gnu 
from  the  filtrate  by  basic  acetale  of  lead, 

Gummic  acid  aeparatt^d  from  the  lead-pPDcipitate  by  sulphydHe  acid  or  from.  Hn 
barium  precipiUite  by  sulphurie  acid,  ciyitallisea  by  evaporation,  fijst  at  a  gentle  hmd 
aftenrju'da  over  chloride  of  caleium^  in  rhombic  priama  baring  a  fltrong  acid  tasfe 
lik«  that  of  citric  or  tartaric  acid.  At  100*^0.  it  does  not^ve  <m*  water,  but  begin*  ft 
emit  acid  Tapoura;  it  turns  brown  at  130^,  and  melts  witli  mtnmeseence  at  150^,  gt^ 
i>ff  water  in  contitnaally  increasing  proportion  together  with  add  Taponm  Of  th 
residue  left  after  heating  the  acid  to  210°  only  a  Biniill  portion  ia  ftolubte  in  water. 

The  gufnmat4*8  of  the  alkali- metala  ore  soluble  in  water;  the  other  salts  spariagl; 
ffolnble.  To  the  barium-  and  ailver-salta,  Ecichardt  aasigna  the  formula  2JfO,C^IPQ'* 
and  to  the  Icad-aalt,  ZPbO^CR^O'KHO. 

OWM*KlSBlirs.  XVlien  incisions  are  made  in  the  sterna,  branches,  or  rootsof  ton 
yegetablpa,  ttirre  exudes  a  milky  iuicej  which  gradually  hardens  in  the  air*  and  mmm 
to  be  formed  of  rcfiin  and  esBcntial  oil,  kept  lu  suspension  by  water^  often  loaded  wtl 
gum  and  sereral  other  vegetable  umtterB.  To  this  solidified  juice  the  name  guni>re«i 
IS  given, — an  improper  one,  since  it  gives  a  false  notion  of  the  bodjr  it  repreaenta.  A 
the  gutii-redua  are  solid,  denser  than  watefTi  opaque  and  brittle;  the  greater  nttmbi 
hnre  an  acrid  taste  and  a  strong  smelL  Their  colour  is  very  variable.  Wat^rdiisoln 
them  in  part,  and  so  does  alcdhol.  The  aqucDus  solutioct  becomes  tnmapat«nt  wit 
difficulty.  Whea  water  is  poured  into  the  alcoholic  solution,  it  becomes  immediald 
turbid,  the  resinous  matter  separating  io  ft  state  of  extreme  division,  and  giving  \ 
the  liquor  a  milky  aspect.  The  priucipal  gum-resins  are  frankincense,  ecammon; 
asaloetidA,  aloes,  ouphorbium,  golbanum,  myrrh^  olibanam,  opoponaz,  gtun-mmnoiiia 
and  gamboge.  U^^ 

otna^ziAc.   See  Jjkc  ^m 

Utnt'CaTTOtr*    See  FTDoxTLirr.  ^| 

CHrw^a^^nES^    The  invention    of  gunpowder^  which  llM   Btttn   asoibed  1 

popular  tnidition,  in  Germany  to  Berthold  ScJiwartx,  a  Bsneaictiiie  tnonJt  wl 
lived  about  the  bcginuing  of  the  fourteenth  century,  and  in  this  country  to  Rog< 
Bacon  in  the  latter  part,  of  the  thirteenth  century,  has  been  found  by  recent  tnf«d 
gations  to  date  from  a  much  earlier  time.  Bockets  and  other  inccndLirj-  praiedil 
appear  to  hiive  been  known  to  the  Chinese  at  least  two  centuries  befon^  the  Christis 
era;  and  the  Greek  hiftorians  relate  that  Alexander,  in  his  expedition  into  India,  w 
deterred  from  attacking  the  Oxydraca,  a  tribe  dwelling  between  the  Hyphasis  and  tJ 
Ganges,  because  they  were  under  the  care  of  the  gods,  and  overtbrew  their  enemi 
with  thunder  and  Ikhtning,  which  they  shot  from  their  walls.  We  know  with  m 
taioty  that  gnnpowder  was  used  in  the  eiglith  century  of  the  Christian  era :  fee  IJ 
work  of  Marcus  GriBCU 8,  entitled  "  Liber  ionium  ad  coniburcndos  J^Us"  ocmiaii 
cxnct  directions  for  making  a  rocket  and  preparing  the  powder  for  chai^^nj;  it,  ai 
even  recommends  that  the  eharcoal  should  bo  prepared  from  willo**'"'—  *  ■-*  , 
modrru  experience  litis  shown  to  be  one  of  the  beat  woods  for  the  pu 
Bacon,  writing  in  the  thirteenth  centmy,  speaks  of  gunpowder  as  a  cv  i 
known  in  all  ooun tries  for  making  squibs  and  other  firsworks. 

The  p&cket  appcnrs  to  have  been  for  a  long  tinie  the  only  form  of  incendiarr  i 
tile  Bsed  in  wtir.  The  first  mention  of  cannon  is  by  an  Arabian  author,  who  »ni 
them  as  hai'inp  been  us^hI  by  the  King  of  Granada* at  the  siege  of  Basi  in  13:21 
authentic  rword  of  the  rn'piihlic  of  Florence  shows  tliat  fire*arms  were  known  in  tl 
jn  1325 ;  and  in  France  the  public  accounts  of  expenditure  from  1336  to  lS4i 
that  fire-arms  wrrt?  then  employed  in  war.  Field  artillery  appears  to  have  be 
«8wl  by  the  English  ni  the  battle  of  Cressy  in  1 340.  {Knc^U^p^ia  Briiatmic^^^ 
dt  Chimitt  ghiruh  par  Pdo\ise  ct  Fremi/,  3"*«  6d.  ii.  261.) 

Ctijn portion  of  Gitnptmdrr,  and  of  he  produeU  forfMd  hy  its  '  ,,, 

powder,  ns  evcrj  body  knoww,  is  a  mixture  of  nitK\  sulphur,  andchari 
power  depends  upon  its  property  of  burning  rapidly  and  with  great  i...  ,.*  uinfteiu 
and  evolving  by  its  combustion  a  quantity  of  gas  which  occupies  mow  thAo  lOOO  llmii 
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the  Tolume  of  the  original  powdec  The  quantity  and  chemical  composition  of  the 
giises  thus  evolved  depend  upon  the  proportions  in  which  the  nitre,  sulphur,  and  char- 
coal are  mixed. 

It  was  formerly  supposed  that,  in  the  combustion  of  ^npowder,  the  whole  of  tho 
nitrogen  was  set  free,  and  that  the  whole  of  the  oxysen  of  the  nitre  entered  into  com- 
bination with  the  charcoal,  forming  carbonic  anhydnde,  carbonic  oxide,  or  a  mixture  of 
the  two,  while  the  potassium  of  the  nitre  combined  with  the  sulphur,  forming  sulphide 
of  potassium,  thus : 

(1.)  2KN0«  +  8  +  C  -  K«S  +  N«  +  3C0«. 
(2.)  2KN0"  +  S  +  C«  -  K'S  +  N«  +  6C0. 
Powder  composed  according  to  the  first  of  these  formulae  contains  74*9  per  cent,  nitre, 
11-8  sulphur,  13*3  charcoal;  and  yields,  according  to  theory,  48*9  per  cent  by  weight 
of  carbonic  anhydride,  10*3  nitrogen,  and  40*7  sulphide  of  potassium.  A  cubic  inch 
of  this  powder*  should  yield  74*6  cubic  inches  nitrogen,  and  22*13  carbonic  anhydride, 
or  296  cubic  inches  of  gas  in  alL     ^ 

The  second  kind  of  powder  contains  by  weight  65*4  per  cent,  nitre,  10*4  sulphur,  and 
24*2  charcoal,  and  should  yield,  according  to  the  second  of  the  above  equations,  54*9 
per  cent,  by  weight  of  carbonic  oxide,  9*1  nitrogen,  and  36*0  sulphide  of  potassium,  or 
1  volume  of  it  should  yield  66  vols,  nitrc^n  and  391  vols,  carbonic  oxide  b457  vols.  gas. 

It  appears,  then,  that  the  second  kind  of  powder  is  capable  of  yielding  1}  times  as 
great  a  volume  of  gas  at  the  same  pressure  and  temperature ;  but  on  the  other  hand, 
carbon,  in  burning  to  carbonic  anhyoridt,  evolves  a  far  greater  quantity  of  heat  than  in 
burning  only  to  carbonic  oxide,  and  the  greater  expansion  of  the  gases  thence  resulting 
more  than  compensates  for  the  smaller  quantity  of  gas  originally  produced.  Moreover, 
the  socond  kind  of  powder  bums  so  slowly,  that  the  combustion  is  not  complete  by  the 
time  the  ball  issues  from  the  gun,  so  that  part  of  the  projectile  force  is  lost 

The  actual  products  of  the  combustion  of  gunpowder  are  in  reality  much  more  com- 
plicat<^d  than  they  appear  to  be  from  the  preceding  theoretical  considerations ;  never- 
theless experience  has  shown  that  the  best  kinds  of  powder  for  fire-arms,  both  large  and 
small,  are  composed  very  nearly  in  the  proportions  indicated  by  the  first  of  the  formulse 
above  given,  as  may  be  seen  by  comparing  the  percentage  composition  of  the  various 
kinds  of  powder  for  fire-arms  given  in  the  following  table,  with  the  theoretical  compo- 
sition of  the  powder  No.  1. 

Composition  of  Gunpowder, 


Description  of  Powder. 

Charcoal. 

Sulphur. 

Nitre. 

Authority. 

Swedish  war  powder 

9*0 

160 

750 

Meyer 

Wurtemburg  musket  powder 

106 

14-8 

74-6 

>f 

Hessian  artillery  powder    . 

10-7 

151 

74-2 

u 

„       musket  powder 

10-7 

15-6 

73-7 

}» 

Hanoverian  war  powder 

108 

180 

71-2 

If 

Mailand 

11-9 

11-9 

76-2 

M 

Grenelle  powder 

11*9 

11-9 

76-2 

•» 

Italian  war  powder    . 

120 

120 

760 

Preehtl 

Dartford  powder 

Curtis  and  Harvey's  powder 

12-6 

7-7 

79-7 

Meyer 

12*7 

9-2 

781 

>» 

Wurtemburg  war  powder   . 

12-3 

12-5 

74*6 

Linck 

Austrian  musket  powder    . 
Hessian  war  powder  . 

131 

11-3 

75*6 

$t 

13-8 

13-4 

73-3 

>f 

French    sporting   powder    from 
Angoul^mo  and  Le  Bouchet    . 

13*5 

9-6 

76-9 

rrechU 

English,  from  Waltham  Abbey  . 

13-7 

101 

76-2 

Ure 

Bernese  powder 

140 

100 

760 

Meyer 

Miethen  powder  ( 1648)      . 
French     round     powder     from 

15-9 

90 

751 

f> 

- 

Essonne         .... 

160 

100 

740 

Preehtl 

Dutch  artillery  powder 

160 

13-9 

69-8 

Meyer 

Russian            „ 

17-7 

11-7 

70-6 

J, 

Italian  sporting  powder     . 
Powder  from  Champy 

182 

8*6 

73-2 

Preehtl 

18*9 

4*8 

76-3 

Meyer 

Chinese  powder 

231 

15*4 

61*5 

Preehtl 

*  According  to  Gay-LotMC,  the  weight  of  a  glren  Toluine  of  gunpowder  l»  Q^  that  of  an  equal  bulk 
of  water. 
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In  ull  tliewj  kinds  of  powder,  excpptin^  tbe  dunese,  whicli    Approftdifl 

to  No.  2  (p.  9d7),  the  pitjportionfl  of  ^e  ingredieiits  Are  nearly  the  amme,  fb«  ^ 
iDtioiia  arising  chielflj  &cim  the  dilTereut  degrvses  of  purity  of  the  xnat^riAifl  used; 
some  the  proportioii  of  charcoal  i«  mcreaM,  and  that  of  sulpliur  dijaJaUed^ 
aUow  for  the  ftmaller  pereentago  of  carboffi  in  the  chatvonl  eniplojed ;  in  odbai 
percentage  of  nitre  ta  aomewbat  loereaBed,  probablj  to  obtain  a  moro  rapidlj  hmn 
powdar. 

Bloating  powder  naoallj  oontaina  a  larger  proportion  of  sulphur,  -which  ta  a  efaea 
material  man  charcoal^  and  may  be  used  in  exceaa  in  the  composition  of  this  povd 
bat  if  present  in  large  quantity  in  powxlsr  for  fire-arms,  would  corrode  the  meH 
The  oomposition  of  French  bbuting  powder;  and  of  its  ptodocta  of  comb^^at^oI^, 
appnudmately  that  which  is  indicaled  hj  the  equation : 

KSO"  +  S  ^r   C«     «     KS  +  N  +  C0«  +    CO. 


poSS 


100  pta.   of  thii  powder  contniti  64*3  pts.  nitre,  20'i  sulphur^  and   14*7 
und  should  jicld  by  combustion  S9  0  pta.  by  weight  of  dianlphida  of 
9'9  N,  31-2  carbonic  anhydride,  and  19-^  carbonic  oxide. 

The  actual  products  of  the  combustion  of  gunpowder  are,  hcwerer,  aa  alrea 
obscrred,  much  more  complicated  than  the  preceding  theoir  would  indioate ;  indn 
notwitlutanding  the  near  agreement  of  the  composition  of  the  beat  Idnda  of  pnni 
with  thnt  pointed  out  by  tbeoiy.  the  equations  abore  g^ven  cannot  b«  taken 
the  real  representation  of  the  chemieal  change  which  takea  places  inaamodi 
the  residue  of  the  combastion  is  found  to  consist  mainly  of  sulphate  and  carboni 
of  potassium,  with  only  a  small  quantity  uf  sulphide^  When  powder  bums 
contact  with  the  air^  it  might  be  sumxtsed  that  the  sulphate  of  potaasiiun  is  Ibrm 
from  the  tulphido  by  atmo»pherie  03cidaUon;bnt  the  same  result  is  obtained  in  burni 
powder  in  a  dose  Teasel  or  eren  in  a  vacuum,  whence  it  fbllows  that  the  sulphaie 
potassium  is  a  direct  product  of  the  combustion  of  the  powder  Lad^penaan^y 
atmospheric  oxidation. 

Gay-Lussac  and  Chevrotil,  by  burning  gunpowder  in  a  copper  tube,  obtained 
caseous  mixture  containing  in  100  pts,  45*4  pts*  CO*,  37 '5  N,  81  NO*,  QB  carburett) 
hydrogen,  and  8  3  of  a  peculiar  w^  containing  carbon,  hydrogexi^  and  oxj^ 
In  another  experiment,  they  obtained  53  per  cent.  CO*,  42  N.  and  5  CO.  Tha  «3 
reaidua  was  found  to  contain  sulphate,  carbonate,  and  the  higher  sulphides  of  poll 
sium,  aa  weU  as  the  protosulnhide. 

More  elaborate  inTeatigations  of  the  products  of  combustion  of  gunpowder  ha 
been  made  of  late  y^ars  by  A.  Yog  el,  jun.  (DiiigL  poL  J.  cxxxri.  ld6X  by  Baoa4 
and  Scbischko#(Pogg.  Ann.  cii.  321;  Wagner's  Jahreah.  1857,  pw  131;  184 
p.  168);  by  Li  nek  (Ann.  C3i.  Pharni,  cix.  53);  and  by  Karolyi  (PhiL  Mag.  [ 
xxvi.  273X  The  experimenta  of  BunfM^n  and  ^hischkon  were  made  with  apoitaJ 
powder;  those  of  Li  nek  with  Wurtembur^  war-powder :  those  of  Kaiolyi  with  Auiliii 
war-fowder.  The  following  table  exhibits  a  comparatiye  riew  of  the  rasulta  of  the 
espanmeiita: —  ^i 


Sunioti  und 
SthtwhkoC 


Nitrf>    . 
Sulphur 

(Carbon 
Hydrogen 
OiYgen 
Ash     . 


78'&9 
9-84 
7-60 
0-41 
307 

lOO'OO 


Dndu 
trar 

74-66 
1219 

12-31 

{       0-54     j 


KanilTf. 


100*00 


77'ld 

1178 
043 
17» 
0-18 

lOO'Od 


0<tt 


GoMous  ProducU  of  Comhuttion  hy  FWimwl 


Nitrogen     * 
Carbonic  anhydride 
Carbonic  oxide    . 
Hydrogon 
Sulphydric  acid 
Oxygen 
Marsh  gas 
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ThtS  Products  cf  (hnbmtwn  6y  Wtight. 

Bunirn  an^i 

Sportmg               War  SmaU-arm  Or^namct 

powder*  powiier*  pow4cr^  povdrr. 

Sulphates  of  potAssmm         ,        •         4227  29  01  3617  36  95 

Carbonftte 12  64  1543  2078  16-40 

Hyposulphite      ....           S'27               983  177  286 

Salphida 2"13               37S  .     ,  Oil 

Sulphoefanate     .         .         .         ,  0  30  1*16 

Nitmte 372  120 

Charwol 073               1'84  2'60  257 

Sulphur      .         *         .         .         .           0*14              0*31  116  469 

Sesqiiicarhonati)  of  ammonium     .           286               2'OtS  2'60  2  68 

Nitrogeu     .         .         ,         ,         .            0-98               » 55  10*06  977 

Carbonit?  anhydride     .         .         .         2012  2247  2179  17  39 

Carbonic  oxide    ...         *            0^4               118  1*47  2U 

Hydrogen  .....           002              003  014  0*11 

Stilphydric  acid            .        ,         .           0  18              2  38  0^3  0*27 

Diygen 0*14  0*01 

Marah  gaa .     ♦  0"49  040 

Loss 0*66  _^  0  68  0  17 

10000  100*00  10000  100  00 

^T^^%f  ^iir^l^^^'^l      19310  218-36  226-69         20001 

tres)  for  a  gramme  ol  povtier  ,  % 

"Bunsen  and  SchiachkofP  find  that  the  smoke  of  gunpowder  luu  neai-ly  tlie  tame  com- 
position &a  the  solid  reeidne  of  the  combnation,  conaistLng  mainlj  of  snlphate, 
carboDate,  and  hyposulphite  of  potassium. 

Thfl  heat  produced  by  the  combustion  of  gunpowder  has  been  vanonsly  estimated  by 
difiereDt  observers.  Bwnsen  and  SohischJcoff  found  that  one  gramme  of  sporting 
powder  evolved,  in  burning,  a  quantily  of  heat  sinEcieDt  to  raiso  the  tcmperatiarfl  of  an 
equal  weight  of  water  043-0°  G,  This  number,  however,  must  be  diminished  by  the 
anunini  of  heat  due  to  ihe  further  combustion  of  the  iufiiunmable  garcs  present  by  the 
air  mechanicaUy  enclosed  within  the  powder.  This  correction  reduces  the  amount  of 
heat  dn©  to  the  actual  combustion  of  the  powder  to  619-6'*  C;  and  this  number 
diTided  by  the  «um  of  the  specific  beats  of  the  products  of  combustion  (estimated  by  B. 
and  S.  as  «  0207)  give^  2993^0.  for  the  temperature  of  the  flame  produced  by  the 
combustion  of  gunpowder.  If  the  powder  is  burnt  m  a  confined  space,  so  that  the  gases 
cannot  expand,  the  temperature  of  the  flame  will  bo  considcfably  higher^  equal  in  fact 
to  the  quotient  obtained  by  dividing  the  heat  of  combustion  by  the  specific  heat  of  the 

products  referred  to  a  oonstAnt  volume^  that  is  to  say,  ktt^  "  S340*'  C. 

The  maximum  preaaiire  exerted  by  the  gases,  at  the  first  instant  of  evolution,  on  the 
inner  surface  of  tho  gun,  and  on  the  projectile,  is  estimated  by  Bunsen  and 
Schischkoff  at  4374  atmospheres.  Former  experimenters  had  estimated  it  at  maeb 
higher  amounts,  but  the  data  on  which  their  calculations  were  founded  do  not  appear 
to  bo  very  trustworthy.  The  greatest  mechanical  effect  or  tktoretical  working  effect  of 
I  he  powder  examined  by  Bunsen  and  8cbischkoff  is  estimated  by  them  at  67,149 
metro-kilogrammee  *  for  a  kilc^i^amme  of  powder. 

For  deemptions  of  the  machinery  and  processes  used  in  the  mannfacture  of  gunpowder 
see  Siekardson  and  WatUM  Chemicol  Tfckndogtf,  vol  i,  pt  iT.—Ahel  and  BioxiMtiM 
Mamdboek  ofCSt^nmtrv,  London,  1854,  p.  239.—  Ur^9  Dictwnar^  of  Art*,  Mann^Mttm^, 
tmd  Mines,  ii  429.— ^^nottA;  Ckmrs  dt  Ckimie  iiimmt^rt,  il  29U^Mau0fsiMS4^, 
TVmiii  dt  Chimk  ghiinde,  Sme  id.  ii.  293. 

Analpmi  of  Gunpowder, — 1.  Ikterminatwn  of  Moisturt. — A  known  weight  of  the 
powder  is  either  placed  for  several  days  in  a  vacuum  over  oil  of  Tritriol,  or  it  is  placed  in 
a  U-tttbe  kept  at  a  temperature  of  60**  or  70°  C  and  exposed  to  a  current  of  dry  sir.  In 
either  case  the  loss  of  weight  of  the  powder  gives  the  quantitT  of  moisture  contained  in  it. 

2.  TkierfmnaH&n  of  the  Nilre, — 10  grma.  of  the  di^  powder  are  digested  in  hot  water, 
and  the  ondiasolred  residue,  consisting  of  sulphur  and  charcoal,  is  collected  on  a  small 
filter  previonely  dried  and  weighed,  then  washed^  dried,  together  with  the  filter,  at  a 
niodente  heat,  and  weighed.  The  total  weight,  diminished  by  that  of  the  fllteT.  gives 
the  sum  of  the  weights  of  the  sulphur  and  carbon,  which,  deducted  from  the  original 
weiglhl  of  the  powder,  gives  the  nitre.     The  latter  may  also  be  determined  directly  by 

•  A  mctre-klloflninaw  It  the  faree  reptetentcd  bj  tba  tkll  of  a  kilofrxinme  «r«igfat  Ibroufb  the  li«l|lit 
of  I-  — 
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eraporadiig  the  oqueoiui  aolutian,  together  with  the  waah-iral4!rs,  and  dijing  tbt 
reaiduein  a  mtall  porcelain  capaulo  ftt  149*' C 

3.  BeieivftinaHon  of  the  Sidphttr  and  ChartoaL — A  weighed  portion  of  the  dry  midae 
of  charcoal  and  sulphur  obtained  m  cibove  is  iDtrodtiiNed  into  a  small  flaak,  aad  djgwud 
with  a  mixture  of  sulphldo  of  carlxm  and  i*thcr,  which  diasoIvM  the  aulphur  aiid  ieatva 
the  chan^oaL  The  latter  ia  collected  on  a  amall  tan^  (Uter,  washed  with  the  mtztma 
of  Hulphide  of  carbon  and  ether,  then  dried  and  weighed.  The  weight  of  the  snlplmr 
is  known  by  difference ;  or  it  maj  be  dotermined  directlj  hj  evaporating  the  «olu£ia&, 
and  weighing  the  residue. 

Some  analjBta  dis«olve  out  the  snlphtir  by  meaos  of  a  Bolutioii  of  aulphide  or 
hyposulphite  of  aodiam  ^  but  this  method  ia  objectionable,  becauae  theie  li^mds 
likewise  attack  the  charcoal,  forming  a  peculiar  acid  cailled  uimie  acid. 

The  charcoal  in  gunpowder  ia  not  pure  carbon,  but  eontaina  alao  hydrogen  and 
oxygen,  varying  in  quantity  according  to  the  degree  to  which  the  carboaiaatioQ  Turn 
been  carrieX  Iti  composition  haa  a  great  influence  on  the  quality  of  the  powder,  aad 
must  therefore  be  determined  when  a  complete  analysia  ia  deaired.  The  analyau  of 
the  charcoal  ia  made  by  combustion  with  oxide  of  copper,  as  described  under  AxALma^ 
OROiwxTC  (i.  232). 

The  quantity  of  sulphur  in  gunpowder  may  alio  be  determined  by  operating  direetiy 
on  the  ix»wder  itself.  For  thia  pnrposey  10  gnn&  of  the  dry  powder  are  digi*i$ted  in  a 
ainall  quanttty  of  hot  wat^r,  nitric  acid  ia  added,  the  whole  heated  to  boiling,  and 
chlonite  of  notaagium  added  by  small  quantities.  The  sulphur  then  disaolres  ia  tlia 
form  of  sulphuric  aeid^  and  may  be  precipitated  from  the  filtrate  by  chloride  of  barimn. 
The  precipitate  of  aulphute  of  barium  is  collected  and  washed,  with  the  preeaatioai 
indicated  at  page  503,  vol  i.^  then  dried  and  weighed,  asd  the  amount  of  sulphur  theses 
determined. 

Another  method  of  determining  the  sulphur  is  to  mix  a  known  weight  of  the  dry  powdtf 
with  an  equal  weight  of  nitre  and  4  or  6  timea  the  aame  weight  of  chloride  of  sodiua, 
and  throw  the  mixture  by  small  portions  into  a  red-hot  platinum  crucible.  DeJUgn^ 
tion  then  takea  place  alowly,  without  projection  of  the  mixture.  When  it  is  ended,  the 
fused  mass  is  taken  up  with  water,  the  liquid  is  supersaturated  with  hydrochloric  add, 
and  the  sulphuric  acid  is  precipitated  by  chloride  of  barium. 

It  is  sometimes  required  to  determine  merely  the  percentage  of  nt^re  contained  in  a 
aaropl©  of  gunpowder.  Thb  is  easily  done  by  treating  50  grammes  of  the  powder  with 
2m  gnirami^s  of  hot  water,  and  filtering  the  liquid  into  a  glass  cylinder  having  i  mark 
indicating  the  capacity  of  600  cubic  centimetres.  The  residue  on  the  filter  ia  wished 
with  water  till  the  Uttered  liquid  just  fills  the  cylinder  up  to  the  mariL  The  liquid  la 
then  cooked  to  15°  C,  and  a  uraall  quantity  of  water  ia  added  to  make  up  for  the  ooik 
traction  caused  by  cooling.  It  ia  theu  well  stirred  to  render  it  homogeneous,  and  a 
smiiii  hydrometer  is  immersed  in  it,  graduated  in  such  a  manner  that  the  degree  to 
which  it  is  immenied  indicates  immediately  the  number  of  hundredth  paita  of  iiitnia 

By  thia  method  the  p 


of  potassium  oontatned  in  the  50  grammes  of  powder, 
of  nitre  may  be  easily  estimated  within  0'3  per  cent. 


(Regnault,) 


OlOiaOFXTSv  or  Giirhofian, — A  Tariety  of  dolomite  found  at  X^illipstown,  5«w 
York.    It  has  a  semi-opaline  appearance,  and  a  fracture  nearly  like  that  of  porcelain* 

See  Gtbouts. 


OTTTTA  F2RCHA.  A  subatance  reaembling  caoutchouc,  obtained  ftom  th* 
hoiiarfia  Ptrrha  (^H  Oi>kcr)  or  Is,  GntUt^  a  large  tree  of  the  aapotaceous  order^  grrvwing 
in  the  peninaula  of  Malacca,  Borneo,  and  many  of  the  other  islands  of  the  Indian 
Archipelago,  iilao,  according  to  Bleekrode  (R4p.  Chim,  app.  i.  403)  ftwn  8ap0^ 
MmUrri,  It  exudes  from  incisions  in  the  bark,  and  is  usually  proeured  l>y  the  wist»> 
ful  process  of  cutting  down  the  trees,  ringing  the  bark  at  distances  of  12  or  18  tndMf 
a[>urt,  and  placing  a  cocoa-nut  shell,  spathe  of  a  palm,  oraomesunilar  receptaelisiusidflr 
the  trunk,  to  reoeiTe  the  milky  sap  which  ezuaes  firom  the  inciflions.  The  juiee  ia 
aft^^rwards  inspissated  by  boiling. 

The  crude  gutta  pereha  imported  into  Europe  ia  prepared  formanufiicturing  ptupo** 
by  nnspiog  it  in  cold  water,  whereby  it  ia  &eod  from  the  greater  part  of  tlio  ioltihle 
wilts,  earthy  mattera,  and  extraneous  organic  substances  which  it  contains,  andwaahsd 
with  tepid  water  in  a  series  of  laige  basins.  The  residue  is  then  heated  for  some  tiwt 
to  llO"^  C.  (230^  F.)  to  reduce  it  to  a  single  mass,  and  expel  the  hist  traces  of  watan 
which  would  otherwise  remain  between  3xt  particles  of  the  gutta  pentha  and  dimiaiah 
its  cohereDce, 

Another  mode  of  puriflfatjon  is  to  dissolve  the  crude  gutta  pereha  in  sulphid**  of 
cart>on,  filter  the  brown  turbid  solution  under  a  bdl-jar.  and  leare  th*' limpid  otAiarirt" 
filtrate  to  evaporate  in  tho  air  in  shallow  porcehun  diahca  or  on  plates  of  glaas^    On 
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pouring  cold  ^nttr  on  the  dry  rosidue,  the  films  sqNmite  fi»m  the  glass  or  porcelain 
after  a  few  minnteH,  and  may  he  lifted  off  withcmt  breaking,     (Pay*n.) 

Purified  gntta  percba  has  a  browniah  red  cobnr  and  a  density  of  D'979,  It  l>MtomM 
«lectrieal  by  fiictioii,  and  is  a  very  alow  conductor  of  electricity.  Htince  it  h  much  iiatd 
for  fonning  insulating  aupporta  in  electrical  apparatoa,  and  for  coatiu|;  tt^lc'i^rapli  wirva 
which  are  fo  be  immersed  in  wsiter.  At  the  orilinary  ttf^raperatiiro  of  our  cliinut«>t,  it  m>8- 
»e*»es  considerable  tenacity,  about  equal  to  that  of  strong  leather,  and  somi^what  less 
flexibility.  At  about  48°  C  (115*^  ¥.)  it  softens  and  beeomeg  pasty,  though  still  Tery 
tenncious.  Between  42*^  jiuU  flO*^  C.  (103<*  and  104^  F.)  it  mny  easily  l>e  Npreud  out 
into  sheets  or  drawn  into  threads  or  tubes.  Ita  supiJput^ss  and  ductility  diminiwh  us 
the  temparatun^  towers,  and  it  does  not  posseaa,  at  any  temperature,  the  elastic  ei:t«'n* 
Bibility  of  cnoutchoiie.  When  softened  by  heat*  it  may  be  worke<l  by  pressure  into  any 
required  shope^  and  >«all  take  the  finest  impressions  of  a  mould ;  hencii  it  is  much  uaed 
for  ornamental  moulding^,  of  picture  frikmes,  &e. 

Gutta  pereha  is  remarkably  pormis;  a  thin  film  of  it  obtamed  by  leaTing  a  drop  of  its 
solution  in  snlphide  of  earbon  to  cvaponite  spontanMusly  on  a  plate  of  glass,  appears, 
when  eiamincd  by  the  micposeope,  to  be  full  of  minute  pores,  like  a  sieve.  This  pori^iis 
•trocture  may  be  changed  by  traction  into  a  fibrous  structure,  the  gntta  pwcha  being 
eapable  (^extending  in  this  manner  to  double  its  original  length;  it  then  poasesaes  little 
fiirther  extensibiHty,  but  will  support  without  brt^aking  a  force  equal  to  the  double  of 
that  which  produced  the  extension. 

Gutta  percbais  insoluble  in  water,  sparingly  aoluble  in  atihydrous  alcoho!  and  anhy- 
drous ether.  It  dissolrefl  in  small  quantity  in  boiling  olive  oil,  and  is  deptjwited  fr^mi 
the  solution  on  cooling.  Benzene,  sulphide  of  carbon,  chloroform,  and  oil  of  turpentiiie 
dissolve  it  easily  with  the  aid  of  beat.  It  resista  the  action  of  alkaline  soluliom*,  of 
hydrochloric  acid,  and  of  hy droll  iioric  acid :  bottles  made  of  gutt^i  perch  a  form  very 
convenient  receptacles  for  hydrofluoric  acid.  It  is  carbonised  by  strong  sulphuric  acitl, 
and  eonrerted  into  a  yellow  resin  by  nitric  acid*  By  dry  distillation  tt  yields  very 
inflammable  oils. 

According  to  Pa  yen  (Compt.  rend.  xxxr.  109),  gutta  percha  purified  by  solution  in 
sulphide  of  carbon,  as  above  described,  is  a  mixture  of  three  pro]iimale  pnuciplvs;  via. 
— LA  portion  insioltiblo  in  aleohoL  whotlier  cold  or  boiling,  and  amounting  to  75 — S2 
per  cent,  of  the  whole.  This  is  called  by  Payen  purt-  g  u  1 1  a. — 2.  A  crystalline  substane* 
callf^  alban,  insoluble  in  cold,  but  soluble  in  boiling  alcohol ;  this  has  been  already 
described  (i.  64 X  it  amount*  to  19 — 14  per  cent,  of  the  j^utta  percha— 3.  A  yellow 
rasinous  enbstance  called  fluavil  (ii.  669)  soluble  in  cold  alcohol,  and  amonntisg  to 
fi — i  per  cent  of  the  whole.  According  to  Payen,  thei^e  three  substances  are  isomeric, 
iheir  oompoeition  being  expressed  by  the  formula  C*H".  Payen's  pare  gntta  is  white, 
opnque,  elastic;  sott*'ns  and  becomes  adheeire  at  &0^  C. ;  meltw  at  about  1(^0-;  diNwilves 
iu  benseue  when  beat^nl,  in  sulphide  of  carbon  at  ordinary  temperatures,  but  is  inaolnblo 
in  alcohol  and  in  ether. 

From  the  experimenta  ofOndemans  (lUp.  Chim.  app,  I  455%  and  of  v,  Baum- 
hauer  {X  ft.  Chem.  Ixxviii.  277) .  it  upf^ears  howev*'r  tliat  pure  gutla  if  '  '  i  ^  on 
L^mcric  with  oil  of  turpentine,  C'**H^%  and  that  alban  and  fluavil  are  i  i  it 

by  oxidation,— fluavil  being  (C'*H**)*0  and  alban  CH'^O,— probably  tu^  :,.-      ..ha 
whole  series  of  other  prociucts  of  oxidation,  including  formic  add*     Thia  oxidntiou 
^  appears  to  take  place  during  the  extraction  of  the  gutta  percha  tnm  the  trees^  and  if 
*  it  could  be  prerented,  there  is  no  doubt  that  pure  gutta  would  be  at  once  obtained, 
(Bleekrode.) 

Baumhauer  prepaiea  pure  gutta  by  exhausting  gulta  percha  with  water  and 
hydrochloric  acfd,  and  treating  the  residue  with  boiling  ether  (which  dissolves  every- 
thing excepting  a  few  black  flocks),  leAring  the  filtrate  to  cool,  pressing  the  substnnec 
whicti  sepanite*i,  and  repeating  the  treatment  till  the  ethereal  liquid  retains  nothing  ill 
solution  after  cooling. 

Pure  gutta  thus  prepared  is  perfectly  white  when  reduced  to  fine  powder ;  cakes 
together  and  becomes  transparent  at  lOO^C,  becoming  somewhat  turbid  on  cooling, 
and  more  so  alter  some  time ;  at  150^  it  begins  to  melt  and  is  eonverted  into  n 
tenacious  maas;  at  ISO'^  an  oily  liquid  begins  to  distil  otqt',  at  210*  the  niaasl>«^4nnes 
fiHcd  with  vapour-bubbles,  and  at  28cP  it  fn>ths  strongly.  Guttn  is  stTongly  alta^'ked 
by  OBOoiaed  oxygen ;  also  1^  stjiong  hydrochloric  acid,  with  which  it  appears  to  form 
two  compounds  containing  chloriQe.  It  is  insoluble  in  cold  ether,  but  becomes  soluble 
after  exposure  to  the  air.  ^ 

The  view  just  given  of  the  constitution  of  gutta  ptTtdm  is  oonfUmed  by  the  reaulta  nf 
its  dry  distiflation.  Grerille  Williams  (Chem.  Soc,  J.  xv.  124)  finds  thjit  K^ifta  is 
decomposed  by  dry  distillation,  eeaentially  in  the  same  manner  as  caoutchmir.  t^^ivn 
resolved,  for  the  most  part,  into  the  polynu-ric  bydrocarbona,  iaoprene.  C*H*,  and 
eaouichio,  C'*H>',  and  hereenev  which  is  probably  alao  potymaric  with  the  other  two 
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Tbe  caontehin  ttmo»  about  20,  the  isopme  &boat  5  per  cent,  of  the  cradt 
Th0  distiUnte  iilao  conUiofl  a  snudl  qmuititjr  of  water,  which,  instead  of  bemg  alkiliot 
u  with  caouu^ouct  is  Btiraoglr  ncId.  aod  conUios  a  Toktile  add,  apparcotlj  ane  of  the 
lower  memliefs  of  tbe  series  C"H^O*.  On  neutimliai&g  the  acid  kquid  irilh  potiah  or 
•oda,  the  odotir  of  a  Tolatile  baae  bocomea  perceptible, 

MtrratuftiM  of  Giitta  Pereha.  Both  the  ordinaiy  substance  aod  the  pose  gitiStm 
obtained  us  aboTf,  experience,  when  exposed  to  the  air*  espfdjilly  at  a  t«mpetmtai«  fli 
25°  to  ^>®C.  (TT°  to  86°  F.)  and  in  thin  sheets  or  threads,  a  peculiAT  «ltenSioa 
which  takoB  plKce  with  various  degrees  of  rapidity,  and  completely  deprires  the 
material  of  its  flexibility,  tenacity,  and  extenfeibility,  thereby  rendering  it  quite  n 
for  indtLStrial  purposes;  at  the  same  time  a  peculiar  pungent  odour  is  cTolred,  ^ 
eommunicates  itsm  to  water  or  other  liquids  kept  in  Tessela  made  of  the  gutts  ] 
(Payen).  This  alteration  is  espeoiidly  liable  to  occur  in  tropical  dimatea,  an  in 
of  which  was  experienced  in  the  constructma  of  the  Ikst  Indian  tdegrapha.  EnoiiMTii ] 
quantities  of  gutta  perdia  employed  for  this  purpofie  became  in  a  oompKtatirely  sboft  < 
time  entirtfly  useless,  iuTolring  a  loss  of  thoos&nds  of  pounds^  This  altered  gutta 
percha  was  submitted  for  examination  to  Dr.  Hofmann  (Chem.  Soc  Qu.  X  xiii.  $7\ 
who  found  that  the  change  was  due  to  oxidation^  The  altered  gutta  perdiA  was  a  brcnra 
xeiy  brittle  mass,  from  which  cold  alcohol  extracted  a  brittle  substance  oootainii^  on 
the  aveiBge,  62*8  w  cent,  carbon,  d  3  hydrogen,  and  27 *d  oxygen.  From  the  reddoe 
of  this  operation,  boiling  alcohol  extracted  a  substance  of  similar  physical  ehanelsr, 
containing  on  the  aTerage  67 '7  per  cent,  carbon,  10  1  hydrogen,  and  22*2  ozr* 
gen.  The  residue,  insoloble  both  in  cold  and  in  boiling  alcohol,  was  unchanged  gutta 
perchii,  which  yielded  by  analysis  SSI  per  cent  carbon  and  12'^  hydrogen.  On  the 
oxidation  of  gutta  percha,  see  also  Adriani  (Cham.  News,  ii  227,  289,  SIS ;  JahitaK 
1860,  p.  496). 

Respecting  the  manofacture  and  uses  of  gutta  pereha,  see  Ur^i  DieUommfy  of  ArUy 
Ma^yjacturts,  and  Minea,  L  433 ;  also  Pay  en,  Frkia  ds  Ckinm  induHfittU^  Ime.  ^ 
(1859)  i.  184. 

atrrAqvXIt&ZTB.  CK*K>^— A  fossil  mdii,  aid  to  form  m  ext«i]siT«  depent  j 
near  Guayaquil  in  South  America.  R  yields  easily  lo  the  knife  and  may  be  nibbed  l« 
powder.  Specific  gruTity  1-092-  Colour  pale  yellow.  Lustre  not  restnou^  or 
imperfectly  so.  Slightly  soluble  in  water  and  largely  in  alcohol,  forming  an  intenatly 
bitter  yellow  sdutioo.  Begins  to  melt  at  l^l^f,^  but  doc«  not  flow  easily  tiU 
heated  to  212°  F.  Becomes  riseid  as  it  coob,  and  may  be  drawn  out  into  fine  Ihnadi. 
DissolTes  in  cold  sulphuric  add,  with  dark  reddish  brown  colour.  A  few  di 
amoionia  added  to  the  alcoholic  solution  darken  the  colour  and  finally  change 
brownish  rtd.  Contains  76*665  per  eeut  C,  8  174  H,  and  15*161  6.  (John* 
Phil.  Ma^.  xiii.  329 ;  Dana,  iL  468.) 

f^TMWm,    Syn.  with  DnwTTtji*  (p.  812«) 

OT^SXnc.  Ca'SO*.H*0,  or  CaO.SC^^tMO,  SuIpAaig  of  Umf. 
Seknit^,  Satin  ipar.  Sckaumkalk.  Ptofter  of  Parts. — This  mineral  ooesn  j 
crystalline  and  massiTe,  The  crystal  Is  belong  to  the  monoclinic  system.  Kalio  i  " 
a  :  b  :  c  =  1445  ;  1 :  05976.  Inclination  of  clinodiogonal  to  principal  axis  «•  ( 
^-P  :  -f  P  in  clinodiagonal  principal  section »1 38° 4 4*;  —P  :-*Pinthe«ame  ==  143 
oeP  :  otP  in  the  same  =  es**  46 ,  Ordinary  corabinotions  obP  -  [  aoP«  ]  .  4  P .  -P 
(fg.  301,  p.  155)  and  »P .  [  odPqo  ]  .  -P  (^.  302).  Twins  like  fi«upe  333  <p.  162), 
Clearage  Tery  distinct,  parallel  to  [  odPoo  ].    \ JTo/jp**  KryMtalhffraJkit^  p.  3060 

Hardness  »  1*5,     Spedfie  gravify  =  2314 — 2-328.     Lustre  of  J  oeFoo ] ^ 
shining ;  of  the  other  faces  sub-titreous.     Massive  Torietiea often  ghstening,  i 
dull,  earthy.     Colour  usually  white,  sometimes  grey,  flesh-red,  honey-y^ow, 
yellow,    blue;   impure  Tariedes  often  black,  brown,  red  or  reddish-brown. 
white.     Tmnspapent  in  rarioujs  degrees  down  to  perfect  opacity.     The 
Tarieties  are  called  Stlenitt  :  the  fine  mass"  s,  AlohaxUr ;  the  fibroos^i 

jrptfr,     Sehaumkalk  is  a  variety  in  small  sr  a  pearly  Instrev 

Gypsum  contains  46*61  per  cent,  SO*,  32  ->  l..  . ,  and  2093  wat^;  or  54*561 
24'51  Ca^  and  20  93  water.     In  the  gypsiua  of  the  volcano  of  Albay,  island  of  Luson, ' 
Bo  la  Trobe  found  6*43  per  cent,  silica* 

Before  the  blowpipe  gypsum  becomes  white,  exfoliates,  and  fills  to  powder.    At  i 
Wy  high  temperature  it  melts  with  difficult/  to  a  white  enamel.     The  white  powder  ! 
obtained  by  heat  hardens  to  a  compact  solid  when  moistened.     Gypsum  diseolT««  is 
400—500  pta.  wrtter. 

Gypsum  ofl^ii  forma  extensive  beds  in  secondary  countries^  and  is  also  found  in 
tertiary  and  recent  deposits,  occasionally  in  crystalline  rocks.  It  is  alao  a  wodoet  ol 
volcanoes,  occurring  about  fumaroles  or  wher^  sulphur-gases  are  escaping,  bstngfocvf^ 
from  the  sulphuric  acid  generated  therefn>Bi,  and  the  Ume  aflfbrded  by  ths  decooapo^  | 
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Utbs,  lima  being  contained  in  liigite  and  labradoritc.  Gjpsnin  la  nbo  produced  hy 
the  decomposiHou  of  pyrites  when  lime  m  present,  and  off^n  about  uiilphur-springa 
where  wolpnydric  acid  is  emitted,  this  ga§  caanging,  through  reaction  with  Tegetable 
matter^  inUi  sulphuric  acid.  Gypsum  is  also  deposit*^  on  the  eTapomtion  of  6e&- water 
and  brines. 

Fine  specimena  of  solenite  are  found  in  the  salt -mines  of  Bex  in  Switxerlandi  at 
Hall  in  the  IVrol,  iti  the  eulphur  mines  of  Sicily,  in  the  gypsum -formation  near  O^a 
in  Spain,  in  the  clay  of  Shotover  Hill  near  Oxford  ;  largp  lenticular  crj'stda  are  found 
at  Montmartre  nean  Puna.  Alabaster  occura  at  Caitelino,  35  mile*  from  Leghopu, 
Fibroua  gypsum  occurs  in  Cheshire  and  Derbyshire,  in  the  red-Band«ton6  near  Moffat^ 
in  tho  Forth  river,  near  Belfast,  &c.  Scaly  foliat<Hi  ^;ypenm  {SchaitMkaik)  occurs  with 
Bf'lenit*  at  MontmartiN?.  GypsiTim  occurs  in  ext'etisiTo  beds  in  Beverul  states  of  North 
America,  particularly  in  New  York,  Ohio,  IlJinoii*,  Tenue^ee^  and  Arkansaa,  and  is 
IisubJIj  aisociated  with  salt-sprinp.     Gypsum  occurs  altered  to  calcspar. 

Haster  of  Paris,  or  gypsum,  heated  and  ground  up,  is  used  for  making  moulds, 
taking  casts  of  statnen,  medals,  &c,,  and  for  producing  a  hard  finish  on  walls ;  alM> 
in  thft  manufaeture  of  arlificial  marble,  ns  the  BcagHola  tables  of  Leghurn,  and  in  the 
glaring  of  porcelain.  AJabaat^r  is  used  for  making  statues  and  Tases.  Fibrous  gyp- 
sum*  when  cut  en  eaboehon  and  polished,  fonns  an  artificial  gem  resembling  cat's-eye. 
(Dana,  ii.  379.) 

OTKOXrui  or  0?&<IXi2T3B.  A  mineral  closely  rf»lated  to  apophylHte.  Itoccnra 
in  spherical  concretinns  baring  a  lamellar  radiato  structure,  white  and  pearly.  Hard- 
nesa  «  3  to  4.  Before  the  blo^Tfipe  and  with  neids  it  bfliuves  like  apophyilite.  Analysis 
^ave  5070  per  cent.  SiO',  MS  A1*0\  33  24  Ca^O,  0  18  Mg=0  and  1418  water,  agree- 
lug  approximately  with  the  formula  3(2Ca*0.3SiO^).8H=U,  or  3(Ca*SiO\2SiO*).8H-0. 
(Anderson,  PhLL  Mag.  [4]  i.  ItH.) 

OTROFHORIC  ACZB.  (Stenhouse,  Phil.  Trans.  1849.  n.  393;  Jaliresb.  d. 
Cht»m.  1849,  p.  458.) — An  acid  obtained  from  two  lichens,  Gyropkora  pushdata  and 
Lrcftnora  (nrtarta,  which  are  collected  abundantly  in  Norway  for  tlie  manufacture  of 
arehiL  To  prepare  the  acid,  the  lichen  is  maceratcil  with  milk  of  lime  ;  the  istrained  liquid 
is  trt«atcii  with  hydrochloric  acid  ;  andthtj  resulting  red- brown  gelatinous  precipitate,  iif>er 
washing  and  drying,  b  bnttcd  nearly  to  boiling  \rith  weak  aleohol,  to  remove  a  green 
resin,  then  i»*ith  animal  charcoal  and  strong  alcohol,  which  leaves  undissolved  a  brown 
huiijus-lik*  substance.  The  filtered  solution  deposits  gyrophoric  acid  in  crystals,  which 
may  be  purified  by  repeated  crystallisation  ftt>m  alcohol,  with  help  of  animal  churct»nL 

Gyropiioric  acid  forms  sraall^  si!>ft,  colourless  crystals  having  neither  taste  uor  smell. 
It  is  nearly  insoluble  in  wulrr^  eTen  at  thfl  boiling  heat,  very  slightly  soluble  in  rthrr 
and  in  cold  alcohol^  more  soluble  in  boiling  alcoboL  It  is  a  very  weak  add ;  its  solu- 
tions do  not  redden  litmus,  imd  tho  addition  of  tlio  smallest  quantity  of  potash  or  am* 
monia  gives  them  an  alkaliiie  reaction.  It  is  nearly  insoluble  in  mnmonia^  dissolves  in 
edcceas  of  potash  or  harytti'watrr,  and  is  precipitated  unaltered  by  acids. 

By  boiling  with  excess  of  potash  or  baryta-wotrr,  it  is  resolved  into  carbonic  acid  w^ 
orcin  :  but  when  boiled  with  a  very  small  quantity  of  an  alkali,  it  is  oourertt?d  into  an 
acid  of  intermediate  composition^  soluble  in  water,  having  a  distinct  acid  reaction,  and 
ditit  ring  from  gyrophoric  acid  in  CFystalline  form.  Gyrophoric  acid  is  reddened  b^ 
chh>ntlr  of  liiHi'.  When  exposed  to  the  air  in  contact  with  excess  of  ammimia,  it  la 
slowly" converted  into  a  purple  substance.  Boiled  for  some  time  with  strong  alcohof,  it 
yields  (bwdes  orcin  and  a  resin)  a  product  having  the  chanicters  and  composition 
of  opsellato  of  ethyl,  C'»H"0*  {q.  t).— With  wood-spirit^  it  yields  Jhe  corresponding 
methyl-ether. 

Stenhoose  anigni  to  gvfophoric  acid  the  formula  C^W^O^K  O^rhardt  {Tr^U^ 
iii,  818|  regarded  it  as  identical,  either  with  lecanoric  acid,  C"H'*0',  or  with  everuio 
acid,  C'^H"0^  to  the  latter  of  which  it  certainly  approiimateB  clo«ely  (anuly^es  60  81, 
61  16,  and  6M2  per  cent  carbon»  4'90,  620  and  60  hydrogen ;  calculation  for  C"H'*0', 
61-44  C,  4-82  H,  and  3374  0), 

cmOTSOPB.  A  name  applied  to  various  contrivances  for  reversing  the  direction 
of  an  electric  current,  converting  a  continuous  into  an  interrupted  current,  separating 
the  two  currents  of  an  induction-coil,  &c. 

07709.  A  peculiar  mud,  mixed  with  organic  matter,  found  at  the  end  of  the 
Sandi/tlord  in  Norway.  After  drdng  at  100®  C.  it  contains  1629  per  cent,  matter 
Aokible  in  water  and  hydrochloric  acid,  9  92  water  and  organic  matter,  and  73*80  i  ~  ^ 
and  decomposed  day.    (A.  and  H.  Strecker,  Aim.  Ck  Pharm*  xcv.  177.) 
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ADDENDA. 


The  falloving  new  olM«rfiitions  on  tMfl  alkaloSd  h&ve  been  made  hj 
Til.  Wertheim  (Ann.  Ch.  Pharm.ciiiu.;  Rdp.  Chim.puTo,  1863,  p.  i«): 

The  oodIhi^  was  prepared  &om  &«9h  hemlock  seeds  (p,  2),  and  rectified  serenJ  thiMi 
m  a  current  of  hydrogen.  It  wa«  perfectly  limpid  and  colourle^  or  very  slightiT 
coloured.  It  remained  uoalti^nBd  for  mooth?,  itnd  could  even  he  difltiUed  in  an  oil-bom 
in  contact  with  the  air.  It  boiled  at  lG3*o^  C.  nnder  li  barometTic  pressure  of  739  J 
Coiuno  does  not  disaolve  a  trace  of  chloride  of  caMtim.  whkh  may  Iherefoiw  be  i 
dry  iL 

JLsoconliydrliie.  C^'H^^N^O*. — Nitroufl  anhydride  paased  into  pm«  conine  £i 
absorbed  in  large  quantity,  and  nfter  the  excess  baa  been  expelled  by  a  current  of  car- 
bonic anhydride  at  30°  or  40^  C,  a  molecnle  of  conine,  C*H'*N,  ia  found  to  hare  absorlted 
eacactly  one  molecnle  of  nitrons  anhydride.  Water  extmots  nitric  acid  ^m  the  pro- 
duct ;  and  if  the  remainder  be  washed  several  times  with  water,  then  with  dilate 
carbonate  of  sodium,  dilute  hydrochloric  acid,  and  again  with  water,  it  ]eaT<^  a  yellow 
oil,  rather  lighter  than  water,  baying  an  aromatic  odour  and  burning  tajstev  and  without 
action  on  Tcgetable  oolonrs. 

This  substance  la  azoconhydrine.  Ita  composition  is  most  simplj  expressed  by  the 
fornmlii  C*H"N'0,  which  is  that  of  conine  +  H  +  N  +  O.  The  nitrous  anhydiid* 
prfibalVly  unites  in  the  first  instance  directly  with  the  conine,  forming  the  compocmd 
CH'^N.N-O*.  which  is  subsequently  doeompoaed  by  the  water,  yielding  nitric  add  sad 
astuconiiydriue : 

Ordinary  commercial  conine  treated  as  ahore  does  not  yield  azoconhjdrine,  a  Tiabiii 
deoompoaitfon  taking  place  after  a  certain  amount  of  nitrous  gas  has  been  at 
This  effbct  perhaps  anscs  from  the  pn^netice  of  methyl-conine  (p,  6). 

The  fbnnula  of  azoeonhydrinc,  C*1I'*N<>,  may  be  derived  from  that  of  conhj 
CH'^NO,  by  the  sabstitntion  of  1  at  N  for  1  at  H ;  but  its  Taponr-denaity,  22^5 
(oba.)t  show  that  this  formula  must  be  quadrupled,  making  it  C"'H'*N*0\  which  for  a 
condensation  to  2  volumes,  gives  as  the  calculated  density,  the  number  21*62* 

Ajcoconhydrine  is  as  poisonous  as  conine,  but  appears  to  act  mare  alowly.  It  is  in- 
soluble in  water,  s^ohible  in  alcohol  and  etheT,  and  dissolTes  without  alteration  in  strong 
hydrochloric  and  Eulphuric  acids»  whence  it  is  precipitated  unehaoged  by  water. 
Ammonia  and  the  fixed  alkalis  neither  dissolve  nor  decompose  it,  even  wiUi  the  aid  of 
heat  When  heated  above  200*^0.  it  decomposeSf  giving  on  strongly  alkaline  Taponrs, 
which  have  the  odomr  of  conine. 

Dry  k^roehittric  acid  gas  converts  aasoconhydrine  intohydrochlorate  of  conine, 
eliminating  at  the  same  time  a  gaa  which  contains  I  vol  nitrogen  to  2  vuIsl  nitric 
oxide: 

C^H-^N'O*  +  4HC1   -   4(C*H'*KHC1)  +  N'  +  2K0  +  2H»0. 
The  same  gaa  passed  into  a  solution  of  axocnnhydriue  in  anhydrous  ether,  fbrms  m 
niagma   of    white   shining   cryst^ils,    apparently   consiating  of    hydro  chlorate  of 
ethyl-Conine,  resulting  fejm  the  intervention  of  the  ether, 

CoBjrleiie.     CH'*. — This  compound  is  produced   by  the   action   of  phosphorie 

anfiydritle  on  azoconhjdrine.     When  the  laUer  substance  is  heated  to  80°  or  W^C^ 

with  excess  of  ph«*iphoric  anhydride,  poimdudda«8  being  added  to  modemte  tbe  action, 

nitrogen  gaa  is  rapidly  e^olred,  and  conylenfl  distils  over  in  the  form  of  a  yellowish  oil: 

C«H**K'0*    =    4C*H^*  +  4B*0  +  4N». 


Cony  lea  0  ia  a  yellowish  oil,  having  a  pungent  disagreeable  odotix,  of  ipeeifiti  gaavity 
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0*7007  ttt  18°  C,  uisolnble  in  water,  Holubk  in  alcohol  and  ether,  boiling  at  1 20°  under 
a  prt-ssurts  of  738  mm.     Vapoiir-dennity,  ubs.  =  3b0;  culc,  (2  vols.)  =  3'66. 

Bromine  unites  ooergeticaUj  with  conylene,  forming  n  product  containing  more  tban 
2  at.  brom  ine.  Dibromide  ofconylene,  CH  ''•Br*,  is  obtainni  by  gndi^i&lly  adding 
alcoholic  bTomine  to  &  well*cooled  iLJcohoIic  Bolulion  of  eonylene  till  the  mixtmre 
retains  a.  faint  yellow  colour  ait«r  agitation,  precipitating  with  water,  washing  with 
dilute  potash  and  then  with  water,,  dissolving  in  ether^  drying  the  mis.! arc  with 
chloride  of  calcium^  and  e:xpelliiig  the  ether  by  evaporation  in  vacuo.  It  i»  11  liquid  of 
Bpecific  gravity  1'5G7&  at  W-2^^  C,  having  a  disagrreuble  odour^  somewhat  likt?  that  of 
mustarci^  initoluble  in  water^  soluble  in  alcohol  and  i?ther«  Treated  with  pulvirisfKl 
hydrate  of  poiassium  it  yields  a  liquid  which^  after  two  rectificstiona  in  a  current  of 
hydrogen,  is  perfectly  colourleiis,  lij»hter  than  water,  and  haa  very  nearly  the  couipo- 
tition  oi  «>3cide  of  conylene,  C*H^^O, 

Conhydrlue,  CH^^O,  ia  perhftpa  a  compound  of  oxide  of  conylene  with  ammoniu; 

and  Conine,  ^     -rr      (^1  niight  perhapa  be  produced  by  the  action  of  ammonia  on 

bromide  of  conylene. 

cmoTOimaam.  C<H*.  (E.  Caventou,  Ann.  Ch.  PHarm.  acirii  347.>— A 
hydrooarbi^n,  homologous  with  alljlene,  C'H\  rehited  to  crotonic  acid,  CMH*0*  in  the 
'  game  manner  as  ethyhdene,  C'-H*.  to  acetic  acid,  and  to  tctrylene,  C*H*,  in  the  same 
manner  na  acetylene  to  ethylene.  It  is  produoe<l  by  the  action  of  ethylate  of  lodium 
on  bromotetrylene,  the  r€.tuctiGn  }mng  jjreciscly  analogous  to  that  by  which  Sawitsch 
obtained  allylene  from  bromutrityh?n<?i  (L  1112)  : 

C^n^Br  +  C^H^NaO   =.  NaBr  +  CH'O  +  C^H*. 

Ciotonylene  is  liquid  below  15^0^  but  volatilises  very  quickly  if  not  mrronnd<>d  by 
ice.  It  has  a  tgtj  strong,  liHghtly  alliaceoua  odour,  boilfi  at  about  18**  C,  and  diBtiii 
between  18**  and  24°.     Vapour-density,  obs.  -  1"93G  ;  calc,  (2  rols.)  -  1  868. 

It  unites  yery  energetically  with  Invmine,  When  bromine  is  dropt  into  erotony1<?ne 
cooled  by  a  freezing  mixture,  dibromide  of  crot  ony  Icne,  C^H'Br*,  is  obtained,  aa 
a  liquid  heavier  than  water,  distilling  between  148°  and  168^  C.  with  evolution  of 
hydrobromic  acid,  and  leaving  a  residue  of  charcoaL — Tliis  liquid  left  for  some  days  in 
contact  with  eicesa  of  bromine  is  converted  into  the  tetrabromide,  C*  H*Br*,  a  cry  staJ^ 
line  compound  ip*imeric  with  dibromide  of  dibromotetrylene,  C^l'BrlBr*,  which  it  also 
much  resembles  ;  but  the  Litter  distils  undeeomposed  between  148"^  and  158^0.,  at  which 
temperature,  aa  alreudy  observed,  the  bromide  of  crotonylene  is  partly  decomjKwed ; 
moretjver  dibromide  of  dibromotetrylene  does  not  volatiliae  at  ordinary  t^^mperatures, 
even  when  kept  for  months  in  an  open  dish  ;  and  the  same  is  tlie  case  with  the  iaomeric 
compound  obtained  by  passing  the  vapours  resulting  from  the  decomposition  of  amylic 
alcohol- vapour  at  a  red  heat,  into  bromiue  ;  but  dibromide  of  eiotonyleue  volaldjaes 
completely  under  these  circumstanees  in  LU  or  12  days, 

BIXiinrRZC  ACZ2>.  C*HWO •.--This  add,  discovered  by  Schlieper  (p.  330), 
has  latt-Iy  been  more  fully  iuTestigaled  by  Baey  er  (Ann.  Ch*  Pharm.  cxxvii.  211),  who 
obtains  it  by  the  action  of  nitric  acid  on  hydiirilie  acid.  Hydurilic  acid  dissolves  in 
nitric  acid  of  ordinary  strength,  with  copious  evolution  of  nitrous  vapours,  forming  a 
vellow  solution.  Ar  soon  aa  the  evolution  of  gas  has  ceased,  and  a  sample  of  the 
liquid  forms  with  ammonia,  no  longer  a  reddish  but  a  white  |>r©dpitate,  the  liquid  U 
left  to  itself,  and  on  cooling,  solidifies  to  a  mass  of  crystalline  laminiB,  which  when 
pressed  and  reerystallised  from  a  small  quantity  of  hot  water,  yieid  pure  dilituric  neid. 
The  mother-liquor  retains  alloxan^  together  with  a  small  quantity  of  dilituric  tund, 
which  may  be  obtaiufd  by  precipitation  witli  ammonia  or  ferrous  sulphate.  The 
reaction  takes  place  in  two  stages,  viol  uric  acid  being  formed  in  the  first  instunee,  »nd 
aft^erwards  converted  into  dilituric  acid: 

Hfdur ilk  arid.  VlaJurkarid,  AUoi^au. 

C^fl»N*0*   +    ITNO»  =-   Cm*N'0»   +   HNO*. 

Vitilnfic  «ciil.  riililuric  Arid. 

Schlieper  obtain^^d  dilituric  acid  by  Ijoiling  allo3tantin  with  hydrochloric  neid  and 
treating  the  resulting  cr)'«l;ils  with  nitric  acid  (p.  331).  It  was  probably  formed  in 
this  case  by  the  uctiou  of  the  nitric  acid  on  hydiirilate  of  nminonium  resulting  from  the 
actioa  of  the  hydrochloric  acid  on  dialuric  acid  (p,  316),  contained  in  the  alloxantin. 
(See  Htdurilic  acuj*) 

Dilituric  acid  crj'stallises  in  colourless  qnadratio  prisms  and  lamintt,  coDtaintnff 
6  at  water  (C*H*N»0*.6H*0).  The  crystals  eflloresGe  when  ejtposod  to  the  air,  and 
dissolve  eostlj  in  bot^  more  slowly  in  cold  water,  forming  a  deeu  yellow  solution.  It 
is  less  soluble  in  alcohol,  iasoiublo  in  ether.  When  heated  it  decomposes,  with 
erolntioD  of  mtrons  vapours,  and  leaves  a  brown  r*od  1 
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DUituric  ACtd  is  easily  recognised  hy  the  deepjeUov  colour  with  ^h\r. 
in  water,  and  more  cRpecially  in  dilute  potA«h:  Also  by  formiDg  a  mI 
ammortium'SnfU,  a  white  ppecipilato  composed  of  needle'shap^d  er 
tvJphnt€,  and  n  lemon -yellow  predpitale  with  acftatt  of  ^iltxr, 

Diliruric  aeid  exhibit**  the  cbaractem   of  a  nitro- compound  :    wh<»n 
kifyachioriU  of  cafctum,  it   yields  coD«ider%blo   qujmtities  of    eh! 
»ome  vfit^  satts  explode  riolently  when  heated;  and  itj  amoont  of 
doli?rfnitied  by  i^ition  witb  soda-lime, — ^Wheo  bromine  ii   addt^i    ._- 
Busp4'nd<'d  in  cold  wnter,  a  very  loosely  combined  compoiand  is  formed,  which  s 
ie|nirftted  fmm  the  J^q^t^ous  Bojutlon  by  ether,  and  ts  bo  unstable,  that  a  few  dtt 
benxetie  aeparate  the  whole  of  the  dilitaric  acid  from  the  ethereal    ecluUon 
original  state,  bromobenieoe  being  probably    formed  at  the  aaine  tiioe,     Bal 
dilituric  aeid  ia  heated  to  lOO'^  C.  with  bromine  and  a  iniall  quantity  of  w«iri 
fenled  tnbe^  it  is  reeolred  into  nitric  aind  and  hromalloxaUi  the  oomponnt!  ^ 
being  probably  formed  in  the  flntt  instances  and  aflarwarda  conrefted  into  i  ^ 
cai"N*0*    -h    Br*     »     C«H*N*Br«0«    +    NO^r    +    HBr. 

Dilituric  Mid.  6roro«Iioxan. 

ffydriifdie  acid  rednces  dilituric  acid  to  tiramil: 

C*H*N'0*  +  QUI  ^  C*H»N^O»  +  2H«0    +   SH. 
This  reaction   and  the  pr^M^editig  are  anal^jguus  to  thoso  exhibited  under  si 
circumstances  by  violuric  acid  (y.  t'.).     In  fiwl,  these  two  acidjs  difF»*r  only  by 
oxygen,  and  the  foiiuation  of  dilituric  acid  from  violuric  acid  (p.  965)  la  liiBjpl 
conversion  of  a  nitroeo-componnd  into  a  nilro-compoiunl: 

C*H«(NO)N*0"  +   0     •     C<H"fN0»)N'O« 

V  io  I  uHc  ncid.  Dihtu  Ii  c  acid. 

Dili  tunc  and  riolnric  acids  mixed  in  hot  concentrated  solution  unite 
Tiolantin,  C'H'N*©*,  a  very  unstable  compound,  which  is  partly  rttKilTcd  inl 
componi^nt  acids  when  pecrystaUiaed  from  water. 

D  i  U  t  a  r  a  t  e  a  — Dilitnric  acid  is  tribasic,  but  it  is  e«peeially  indined  to  ibna 
containing  only  one  atom  of  metal.     Of  these  acid  salts  the  sodturu-salt  is  tlie 
soluble,  the  otbcrs  being  sparingly  soluble  or  insoluble.     The  dilitur&t«e  have  a  i 
or  yellow  colour,  and  are  remarkably  stabk,  the  add  not  being  aeparated  i 
mineral  adds. 

Dihtuniit  of  Ammonium,  C*H'(NH*)N»0*,  is  formed  aa  a  white  c«yati 
eipitiiifl   on  mixing  dilituric  acid   with  ammonia  or  an  amtnouium^ 
dilnfc*  Koliuiuna  it  sefiiirates   in   concentrically  grouped   prisms.     It 
Holublo  in   cold»   Eomewhat  more  in  hul  wutar,   and  crj'stalli-^'"    *'    — ^fponT' 
crystals  and  shining  laminBB*    It  is  not  uUerud  by  ammonia  or  toid;  iail 

snlphurie  acid  it  diKsolves  without  dccom p^jsition,  and  is  pr.    -  i    thrrefed 

water  Dilute  potju^h  dissolves  it,  with  f  vuJution  of  ammonia,  lumiing  a  dwy  n 
liquid  containing  dipot4i»&ic  diiUuruto;  strong  potash-solution  colotirs  it  ycU<»w  m^ 
dissolving  it.     When  heated  it  burns  awaj  witb  deflagration.  ^^ 

Diittkiratc  of  Barium  separates  on  mixing  diUtnric  acid  with  aeetaie  of  1 
slender  nf'edlcs,  which  are  decomposed  hy  soluble  sulphates,  but  nr^T   ^  -  '^ 
acid    Chloride  of  barium  converts  this  salt  into  a  double  salt,  C^IPl 
which  may  also  be  obtained  in  beautiful  hea^y  ervstals  resembii!i„    ;  ,  . 
g^sum,  on  mixing  a  hot  solution  of  dilituric  acid  with  chloride  of  bariuixL 
give  off  their  water  at  140^  C, 

DUituratr  of  Cnhium,  C*H*CaN'0^,  oljtalned  by  ppeeipitating  ncetjiloof  < 
diltturic  acid,  forma  slender  white  needlt^  containing  4  at,  wtUer,  half  of 
give  off  nt  IJ0°C. 

IHlitiiratf  of  Orpper,  C*H*CuN  WgH-O,  is  obtained  bymixing  liilitupic  -, 
Bohible  copper-f«alt,  as  a  white  precipitate  composed  uf  slender  net^dles  witli 
iridpijcence.     It  gives  off  its  water  at  100°  C,  and  explode?  at  a  higher  t^-uic 

Ditituraira  of  (ton.  Th^  ferric  salt,  C'«n«(Fe')"'K»0'\  or  C^HyrN*0»,  t«  pi 
on  o/lding  dilituric  acid  to  a  solution  of  ferric  chloride,  in  small,  light  yrUnt 
nearly  insoluble  in  cold,  sparingly  (soluble  in  hot  water.  Between  110**  nod  ] 
gives  off  its  water  and  assumes  a  brick-red  colour,  and  at  a  strooper  brat  it 

The  ferrous  salt,  C'II^FcyO*,8H»0,  is  formed  on  mixing  dilituric  acid  i 
tlllphate,   as  a  white  precipilatc  consisting  of  slender  necdloi^  and    hafan 
streak  of  green.     It  is  very  sparingly  Bolublo  in  water,  and  is  not  dr*<*onar 
sulphuric  acid.    At  12r>o  C.  it  gives  off  6  at  water,  becoming  dark  brom 
higher  temperature  it  deflagrates.     It  also  gradually  loses  it»  water  when  ledtl 
phnric  acid»  bat  quickly  recovers  it  on  exposure  to  moist  air. 

P§ii( urate  i^  Lead  is  a  yellowish  white  precipitate.         

DiiiiuraUt  of  Pviasjfi urn. ^The  monopot4X9fw  mft,   C'lPKN^O*,  {« 


Lt«e  have  a  i 
ted&on^ 

>  ts  'w^p^l 

'  "^  from  BH 


ERTTHROMANNITE^ ETHYL:  PROTO SULPHIDE.  967 

whk*  CETBtalline  wocipitate  on  adding  hvdiwbloric  acid  to  a.  solulioii  of  dilituric  irid 
in  potash.  It  i«  also  farmed  on  mixing  dilituric  acid  witli  the  Bolutjon  of  any  pofiiBsium- 
naXu  ■eparating  especially  from  dilute  Bolntioiifi  in  large  cii1m»s,  whkh  however  do  not 
appear  to  belong  to  the  regular  srystem.  It  is  nearlj  insoluble  in  cold  water,  sisariuglj 
soluble  in  hot  water,  and  contains  no  vatar  of  ctyBtollisatjoi}. 

The  dipotassic  mlt^  C^HK^N'O*,  which  wilb  eimmincd  hj  SchliepcPt  neparates  in 
ephericiil  groups  of  beautiful  yellow  needles  on  adding  alcohol  to  the  hotlemon-yi^Uow 
Btilution  of  dilituric  acid  or  of  the  ammoDium*6ait  in  potash-ley.  It  is  inMiluhlt'  in 
alcohol  and  in  i^trong  potafih-l^^y ;  water  decomposes  it  partially,  abatracting  potnsh  and 
converting  it  into  tbe  monopotassie-siilt.  When  hentetl  to  a  certain  temp<'nituri»,  it 
decompoeee,  as  obierved  by  Scblicper,  with  slight  detonation,  and  ia  re»olvt*d  into 
cyonate  of  potaasium»  carbonic  anhydride,  and  probably  cyanic  acid: 
C'HK'N^O*    «     2CNK0   ^   CNHO   +   CO** 

It  likewisf*  explodes  when  moistened  with  strong  snlphuric  add.  The  aolntion  of  thia 
ealt  precipitates  ferp:>ua  and  cupric  sulphates,  out  the  precipitates  consist,  no!  of  di- 
metaUic  saltB,  but  of  mixturra  of  the  acid  potaaaitUB-aftlt  with  an  Uicid  diliturate  of  iron 
orooppsr. 

J>miuritifa  of  St7wr.— Th«  mtmoargmtuf  salt,  C*H*AgN'0*  2H*0,  i«  obtained  by 
adding  dilituric  acid  to  nitrate  of  ailirer,  and  separates  from  somewhat  dilute  aolutiona 
in  well -develop*^  prisms. — When  dilituric  acid  is  added  to  a  worm  solution  of  acctJite 
oi  silver,  a  yfilow  pn^cipitate  of  triargentic  salt  is  first  formed :  Imt  thia  disnioIveB  in 
excess  of  dilituric  acid,  and  as  the  solution  coola„  the  acid  ealt  cryatallisea  in  colourless 
needles.  It  is  epnriugly  soluble  in  cold^  moderately  aoluble  in  hut  water.  When 
heated  it  turns  yellow  wud  decomposes  with  ejtplosion. 

The  triart]tntic  salt,  C'Ag'NK)*,  ia  produced  on  mixing  dilituric  acid  with  excess  of 
&  hot  aolution  of  acetate  of  silver,  as  a  lemon-ycUow  precipitate  comptoKcd  of  needles^ 
anhydrous  and  sparingly  soluble  in  water.  It  explodes  somewhuL  i-iolcntly  when 
heated^  but  not  by  percussion.  • 

Biliiurate  of  Sodium,  C*H'NaN'0*,  is  most  easily  prepared  by  mixing  the  hot  con- 
centrated solutions  of  dilitnric  acid  and  acetate  of  sodium ^  and  crv-stulln^es  on  cooling 
in  long,  colourless,  silky  needles,  forming  an  interlaced  mass  when  dry.  It  may  also  be 
obtained  by  decomposing  the  barium-salt  with  sulphate  of  sodium.  It  dissolves  easily 
in  water,  and  offloreecea  when  left  oTer  oil  of  vitriol  It  appears  to  contain  4  at  water 
of  erfatallisation. 

gBt¥ TH»OM A WN ITPg  (p,  604). — The  following  method  of  preparing  this  inib- 
stance  is  gittn  by  V.  dc  Luyncs  (Compt  pend.  h-i.  803),  Erj'thrjc  acid  (p,  $02) 
washed  and  drained  isJ  mixed  with  a  quanti^  of  milk  of  lime  somewhat  lt»**8  tlian  sufh* 
dent  to  decompose  it  completely,  and  heated  for  about  two  hoars  to  150^  C.  in  a  closed 
iron  vessel;  the  exclu^sion  of  the  air  during  the  reaction  prevents  the  fmrmatlonof  a 
large  quantity  of  resinous  matter.  The  liqnid,  fJlteri'd  to  separate  carbonate  of  calcium, 
nnd  evaporated  at  a  gentle  heat^  dcpoHita  orcin  in  fine  crystals ;  and  the  mothor*liquor» 
yield  by  further  evaporation  a  crj'Stalline  mass  of  orcin  and  er)'Lhrom«unite^  from 
which  th«  former  may  be  dissolved  out  by  ether. 

Errthromaimite  exhibits  in  a  high  degree  the  phenomenon  of  uttr/union,  that  is  io 
sav,  it  remaina  liquid  when  cooled  a  considerable  number  of  degreen  brlow  its  melting 
point.     Heated  with  potash  to  240**  C.  it  is  resolved  into  oxalic  acid  and  hydrogen : 

C*H'«0*  +   4H"0     -     aCH^O*   +   7H». 
The  aqueous  solution   of  erythromannite  in   contact  with   phitinnm-ltlack,   absorbs 
oxygen  so  rapidly  that  the  mass  becomea  incandescent;  with  a  dilute  sohition,  the  action 
ia  1668  violent  and  yield«  an  acid. 

The  iodide  of  letryl  formed  by  the  action  of  hydnodic  acid  on  PTylhromannite 
(p.  595)  acts  strongly  on  acetate  of  silver,  yielding  tetrylene  and  scetate  of  tetrjl.  The 
latter  when  decomposed  by  potash  yields  tetrylic  alcohol  idt^ntical  with  that  obtained 
from  tetrylene,  not  with  that  produced  by  fermentation  (De  Luynes).   (See  Tbtbtuo 

AlCOHOL.) 

STBY^  I0IIII>B  OX*  (p.  533). — Hessrs.  Rieth  andBeilstein  (Ann.  C\l 
Phann.  cxxri*  2o«)  prepare  this  compound  by  introducing  into  a  flask  10  pts,  of  amor- 
phous phosphorus  60  pts.  alcohol  of  W  per  cent,  and  100  pts.  iodine,  leaving  the 
mixture  to  itself  for  24  hours,  and  then  distilUng,  The  distillate  thus  obtained  is  but 
slightly  cruitaminated  with  free  iodinci  and  yields  very  nearly  the  theoretical  quantity 
of  iodide  of  cthyL 

£TSTXi  F»aTOStnPHIl>B  OF  (p.  545). — This  compound,  heated  with 
fuming  nitric  acid,  db^olv  ?),  with  evolution  of  red  vapours,  but  without  forming  a  trace 
of  sulphuric  acid ;  and  the  aoktion  evaporated  nearly  to  a  syrup,  solidified  on  cooling 
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to  ft  eryBtftlliiie  mMM,  oonsifttijig  of  diethjlsalphone  OH**30*  (ftaalo_     

pholtetieide  C'^'^0^.  Tbia  compound  crysUdltsfis  ea^ilj  from  water  or  ftlfbhf 
thin,  colourless,  tabular  cijfitolj  flcterul  inches  loug;  melts  at  70^  C. ;  boilit  at  249^ ;  ( 
great  reiiisUDco  to  the  action  of  oxidising  suhstancea.  It  may  be  distilled  nnall 
from  fuming  nitric  acid*     Naacent  hydrogen  r^uces  it  to  protosulphide  of  etbjL 

With  nitric  acid  of  specific  ^a^ity  1'2  a  different  action  takea  place,  tke  sol] 
dissolving  easily  at  ordinary  t«mpc>mtures,  without  much  eTohition  of  gaa,  azui  u 
its  peDetrating  odour.  The  product  formed  appears  to  bo  analogous  in  oompositii 
tdtrsts  of  tellurethyL,  Tho  aolution  gf^ntly  heated  with /erricyaniii^  lyfpotasmvm 
free  alkali^  yields  on  cooling  crystals  which  appear  to  consist  of  diethjlsulphofML— 
Mime  solution  reduces  chromaif  of  potasaium,  the  Uauid  on  ooolizig  di^posltiiig  rlia 
tables,  th<^  compositioa  of  which  lia«  not  yet  been  atstersnhied^'^T'fTric  chkrHde  « 
to  the  nitric  acid  solution  produces  an  abundant  separation  of  oilv  drop*  i 
solidify  in  the  crystaUinf^  form  on  cooline,  and  probably  cooaist  of  dichlorid 
sulphethyl  (C-'H»)*SC1*,  analogous  to  diiJioride  of  selencthyL  (A.  t.  Oefelet. 
Ch.  Phiirni.  cxiTii.  3 TO/) 

STST&BirSp  XOnoCKXOSras  or,     C^H^UII  —This  compound,  d«9crib 

p.  570,  as  obtained  by  the  action  of  chloride  of  iodine  on  iodide  of  ethylene,  is  Hki 
produced  by  the  action  of  chloride  of  iodine  on  cthylene-gft4,  nftUMly  br  pojoii^ 
gas  through  an  aqueous  solution  of  chlorida  of  iodiiir,  wiishing  thd  red  oil  vrhich  fai 
the  bottom  with  caustic  potash»  and  distilling.  That  which  pasaes  over  above  14^ 
ifl  iodochloride  of  ethylene. 

This  compound  has  u  density  of  2  151,  Heated  with  alcoholic  potash,  it  y 
irtd ide  of  potasaium,  and  giTc?s  off  a  gna  burning  with  a  green-edged  flame,  mt 
chhwthyleno.  CHKJL 

Tritylene  obtained  from  glrcmn  yields  in  like  manner  iodochloride  of  trity 
(Mux  w (^11  SimpsoDi  Proe,  Roy.  Soc  xii.  278  ;  R^p.  Chim.  pnn\  1863»  p.  600.) 

SUCISTXC  iLCID.  C"H"0*.  (Scheuch,. Ann.  Ch-  Pharm,  cxxr,  14^ 
add  obtained  by  the  action  of  carbonic  anhydride  on  eugenate  of  sodium : 

C'*H"NaO«     +     C0>         -=  C*^H*»NaO*. 

Eugt^nnte  of  EufcUte  of 

toditim.  todium. 

Sodium  is  dissolved  in  eu^uic  acid  contained  in  a  retort  throu^li  whic^li  a  t 
carbonic  anhydride  is  passing,  the  aetion  being  assisted  towards  the  end  ' 
heat  The  cooW  mass  dissolved  in  warm  water  and  heated  with  hyd 
yields  an  oil  which  ib  a  mixture  of  eugenic  and  eiigetic  acids.  It  is  a^tated  Mi 
timcB  with  ej»Iution  of  carbonate  of  ammonium,  and  evaporated  with  addition  of  « 
nate  of  ammonium ;  hydrochloric  acid  is  then  tiddedf  the  liquid  shaken  up  with  ft 
the  i'therenl  solution  evaporatini,  and  the  crystaUino  lesiduo  recrystaUised  from  hoi 
Wttt-er.     The  product  is  not  vt*ry  abundant* 

Eugctic  acid  ciystidliJ^ca  from  its  hot  aqueous  solution  in  long  coIomieflB  Dn«8ia 
melts  at  124<*C.,  is  sparingly  sokble  in  cold  water,  verysolnble  in  alcohol  ^dK 
Its  solutions  have  an  add  reactiou.  The  aqueous  sohition  is  coloured  blue  by  ft 
chloride.    The  add  is  resolved  by  heat  into  eugenic  add  and  carbonic  anhv 
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Cyperus  esculentos        .        .        .        .  — 
Cyprin  (s.  Vesnvian). 

Qrpripedin 800 

Cystine — 

Qrstinold  tuberdes        ....  — 

Cytisine 801 

D. 

Dactylis 801 

Dadyl — 

Daedalia  qnercina — > 

Daggod  (s.  Birch-tar,  i.  689). 

Daguerreotype     (s.    Light,   Chemical 
action  of). 

Dahlia    ....               .        .  _ 

Dalanouite  (s.  Delanovite). 

Dalamite — 

Daleiochin  or  Thalldochin    .        .        .  — 

Damaluric  and  Damolic  adds       .        .  •— 

Damascus  Sted  (s.  Iron^. 

Dammara  resin,  Australian    .       .        .  — > 

East  Indian.        .        .  — 

Dammaric   add   (s.  Dammara    resin, 
Australian). 

Dammarin  (s.  Dammara  resin.  East  In- 
dian). 

Dammarol     )  (s.  Dammara  resin,  Aos- 

Dammarone  j     tralian). 

mSmll;'?'"'        l(»-  D»n.m.ra  re«n, 

Damourite 808 

Danalte — 

Danburite — 

Dannemorite — 

Daphnetin — 

Daphnin 804 

Dapicho 806 

Darwinite — 

Dassipis  (s.  Hyraceum). 

Dates — 

Datholite — 

Datisca  cannabina          ....  806 

Datiscetin — 

Datiscin — 

Datolite  (a.  Datholite). 

Datura 807 

Daucus  Carrota — 

Dauphinite  (s.  Anatauy 

Davidsonite    .,....— 

Davy  Lamp  (i.  1101). 

Davjne "" 

Davyte  («.  Stypterite), 

Dccantation ^"*' 

Dechenite ~" 

Decoction "" 


9T4 
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Decrepitation  •  .  •  .  . 
Dwoloriiuctfif  ,  »  »  .  ♦ 
I><N'ompoaitioo  («.   Chcmic*!    Affinity, 

Degerofte  or  D«ger5eite .        .        ,        . 

Dviiimba 

Deliit)«rrit« 

D«l«8»ite  .,.,,. 
D(!l^ui:^^cnce 
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iJelpliinic  acid — 

D«l|  hinJiie      ......  SiO 

DelpHinite  (a.  £pidote,p.  4B9). 

Delpkiiniium    .        -                .        .        .  ** 

iJelpblnone  (b,  Yaterooe). 

L>elvaiixil<e     .♦.,»,  ^ — ► 

I>emir|i>rTite     »        .         *        .         *        ,  ^ 

DendrachateA Bll 

Dendrittifl — 

Deoxidadon — 

DephlegmAtion ^ 

D«f>hlogbli  cation — 

Depiltttoriea -^ 

I)ermtttm — 

Deiiiyity  (».  Specific  GraWty), 

D"i!aclui«ite      ....        .        *  — 

Deamin  (a»  Stilbite). 

Deaoxalic  acid  (s.  RAcemo-carboiuc  acid). 

IX'touation — 

Deuto-componndfl 812 

Devonit«  (s.  Wavellito). 

D«wejlUte — 

Dextrin — 

Dextrin-BQgar 814 

Dextrin -syrup  (n.  Dextrin). 

Dextroracemic  or  Dvxtrotart&ric  acid    .  — 

Diabase «  — 

I)iat>etjc  angar        .        ,        .        .       .  — 

DiaclaAite ^ 

DiadmhJte ^ 

Diflgometer — 

Dingonite  (•.  Brewaterite,  L  663). 

Diifrvdium 

DlallAg^ 

Dittlia^ite,  DlaUogil«,orDialogite'        .  315 
Diallvl-urca  (a.  CSirbamide,  L  7M,  and 
Birtapoline). 

Dialuraraide — 

Dialurieacid — 

Dialvaia £116 

Diamagnetidm ai7 

Diamond — 

Dixinii ,  318 

Dianic  add — 

Diaoite  , gljj 

Diaplianito  (a.  Dipbanjte), 

DiapboHto      ♦        ,        .        ,        *        ,  — 

Dia«pore -^ 

Diaataae          .,.,.,  — 

IHastase,  animal    .        .        *        .       .  B2t^ 

Diastaajte — 

Diaterebic  aeld  (i.  Tercbic  add). 

DJAtbertfinnoos       *        *        *         *        *  — 
DiaKr>'C4>mpoaQda  ,.,..— 

DichroT^m       ...•».      

Dkhrolto        ,.[,,]  ^ 

Di-compound« S21 

DictamnuB  aibna 

Didrimite  or  Didymite           ,        .        ,  ,^ 

Dtd/miam 

Didymiura*  Cblorjde  of          »        .        .  — 

Diilymiom,  Detection  and  Estimation  of  — 

Didymiuni,  Ox i ties  of             ,        .        .  822 


Didrmiam,  Sulphide  of 

Diftluan 

Diffusion         t        •         t 

DiformeDo  or  Biformeno 

Digetitte 

Digisaier  or  Dig«stor 

Digestion        •        .         • 

Digeation. . 

Digrt'fftire  Salt 

DigBfttor  (a,  Dig«ater). 

Dij^talacnn   . 

Digitalein 

Dii^jtoletin 

Digitalic  add 

Di>;jta1icrin  (a.  Digitala 

Dif^itnlin 

liigiLalin-fat  (a.  DI^itAlacno  j. 

DiKit^lirelin 

Dif^itiilia 

Digi  tali  sale  add  (a,  DI^tAlia). 

Digitalchsmin  . 

Digit^ldc  add 

Dihydrite 

Dilatation  (a.  Heat>* 

Dilatonieter   . 

Dilituric  acid » 

Dillnite  . 

Dill,  Oil  of      . 

Dima^etite   .        , 

Dimetapho^pboric  acid  (a.  Pho^^ 

oxyg«n-acida  of^. 
Dimorphina    , 

Dimorpbinm  and  Trimorphi* 
Diuite     .        .        .         .         , 
Dinittanimonyl  and  Dibromonit 

t rile  (a.  Trinltracelomtrile). 
Dinitrocthylic  and  DinitroDaethyUc  I 

(ft.  NitrouB  ethers). 
Diopaido 
Dioptaae 

Diorite  *       .        ,         . 
DioKorea 
Diosnia  crenata 
Dioxylitii  (a.  Lanarkite). 
Diphanite 
Dipbenin 

Diplobaio  (a.  AUtooiie,  L  i4d) 
DipIoiCe  . 
Dippera  otL 
Dipyre    . 
Diaacrone 
Disacryl 

DiacratJta  (a.  AntfinoniaJ  SitT«r»  LtflTX 
Diaomoae  (a.  NickeU^l«nc«>. 
Disterrite  (a.  Clintonite,  i  1026). 
Distbene  (a.  Kyanite), 
Diainrect.inta . 

Diatillation     *        -        .         I 
Dlatillation,  Dry  or  D«stnictire     ,    ^^ 
Disiilnb-aaJfloHc,  -benjEolic,  -etliolii^  ^m^ 

tholjc,  and  -propolic    acids    (a.   Sal« 

phuroua  etben). 
Ditetryl .... 
Dithionic  add  (a,  Sulpliiir,OxTc«or 

oQ^ 
Diuret  (a.  Biuret,  i.  600). 
Divi-divi 
Dociniasy 
Doeglal  . 
Dotfglic  rtdd    . 
Do^gliug  Train  oil 
Dog-tooth  upar 
Dolerin  , 
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Dolerite .       •       .       •       , 

Dolomite 

Dome 

Domeykite 

Domite 

Donaria 

Dopplerite      ...  •       . 

Dracenine,  Dndne,  <Hr  Draoonine  (s.  Dra- 
gon*8  Blood). 

Draco  mitigatoi 

Dracol 

Draconic  add  (s.  Anisic  add). 

Ej;:^si^:}(-D»«»'.  Blood). 

Draconyl 

Draconvi  or  Dragonyl,  Chloride  of 

g^Si^jC^Bock-cyrtd). 

Dragonic  add  (s.  Aniaic  add). 

Dragon's  Blood 

Drawing-slate 

Dreelite 

Drupadn 

Druse 

Dryabalanops  Camphora 

Drvmis  Winteri 

Dscbut  (s.  Jate). 

Ducktownite 

Ductility 

Dufrenite 

Dufrenoysite 

Dulcamarin 

Dulcarin  (s.  Bittersweet,  L  600). 
Dulcin  (s.  Dnlcite). 
Duldnan  (s.  Dulcitan). 
Dulcitan        .... 
Dulcitanides  .... 

Benzo-,  Batyro-,  and  Stearo-dal 
dtan    .... 
Dulcitartaric  add  . 
Dulcjte  Jina  JHelampyrKe 

DuJcitales 

Hex-  and  Tetni*iUtiodaldto 

DulciJulphaHc  add. 
Dulcoie  (a.  Duldte),      , 
Dumaain         .... 
Dumasite        .... 
Dumerillia     .... 
Dyeing 

Action  of  Mordants 

Steam-coloors 

Pigment -printing  . 

Red  dves         .        • 

Blue  (lyes 

Yellow  djres    . 

Crimson,  Pink,  Chernr-cdoor, 
pie,  &C. :  AnUme-tfyn 

Green  dyes 

Browns,  Greys,  and  Blacks^ 
Dyhenyles      .... 
Dyotriyles      .... 
Dyoxylite  (s.  Lanarklte). 
Dysclazite  (s.  Okenite). 
DvRkolite  (s.  Saossorite). 

Dyslnite 

Dyslysin 

D.v8lyte  (s.  Eulyte,  p.  606). 

Dyslytite 

Dysnite  or  Dyssnite  (s.  Rhodonite). 

DvKKlyl 

Dysintribite 

Dystomite  (s.  Datholite). 


PAOB 

843 


844 


845 


846 


847 


Pur- 


848 


850 
851 


852 
854 
855 
856 

858 
859 

860 


£. 

Earths 860 

Earthy  Cobalt         K.  WMH^ 
Earthy  Manganese  J  ^*'  ^'^>- 

EaudeColoffne 861 

Eau  de  Javcdle 

Eau  de  Luce 

Eblanin  (s.  Pyroxanthln). 

Ebonite 

Ebony -. 

Ebulfioscope — . 

EbnUiUon  (s.  Heat). 

Eogonine 

Echinites _ 

Edogite 

Eddoes — 

Edelforsite  or  .£delfonite      .       .       .  _ 

Edelite  ....               .        .  862 

Edenite — 

Educt — 

Edulcoration -. 

Edwardsite  (s.  Hooasite). 

Effenrescence — . 

Efflorescence — 

Kg^tran  (s,  idocrase). 

Egg 868 

Eggs  of  Birds — 

Changes  of  the  egg  daring  incn- 

bation 864 

Eggs  of  Fishes        ....  865 

EggsofRepUles     ....  866 

Eggs  of  Arachnida  and  Insects  — 

Eggs  of  MoUosca    .       .       .       .  — 

Ehlite 867 

Ehrenbergite — 

Ekbergite — 

Elaeno    — 

Elaeolite — 

Elaeometer -. 

Elasoptene 868 

Elsosacchamm 

EUerin — 

Elaic  add  (s.  Oldc  add). 

Elaldicacid — 

ElaXdic  ethers 

Elaldin -. 

ElAin  (s  Olejn). 

Elain-pfaosqpbonc    and    Elaiit-flulpbuHa 
acidB  (ft.Oleo^  pboftphorle  and  oleo-itiU 
pburic  acidi), 
r^ii'  r,    ,,jd  (i.  Ridnoldc  add), 

Elaiometer 869 

L\Ai-i-i.yU — 

Einone  (&  Oleont). 

EIii4tQci«e — 

EUjtk  Ilitumin  (s.  Elaterite). 

Elitt-^tic  tissue — 

Elasticity        * — 

Elaatidty  of  Gases .       .       .       .870 

Liquids        ...  — 
Solids.                .        .872 

Elaterin 873 

Elaterite 874 

Elaterium — 

Elathin — 

EUtin  (a.  Klaterin), 
ELayl  (n  Kcb}'1eii^). 
Elecamp[Q  (l  InuSiii). 

Ek-elnrjly      ,,....  ^ 

Ext  ftement  bj  Friction  ...  — 

Conductora  and  Insulators    .        .  875 

Of  the  two  Electridties  .  876 
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^^^^^H 

Elfctridty:                                              pagk 

Electricity:                                                  PMm 

^^^^^^^^H 

Theory  of  Electricity      ...    877 
Electrical  MacbiDM        ...    378 

ElfctrolynM  : 

^^^^^^^^H 

Law  of  Definite  Electrolytic  action    m 

^^^^^^^^^^^H 

Lftwi  of  Electric  Attiaclion  and  Re- 

Helations  between  the  Qaantlty          ■ 
and  Intetidty  of  the   Ciurent         M 
and  ita  Decwra  posing  power      .    440 V 

^^^^^^^^H 

^^^^^^^^H 

pulmoii 381 

^^^^^^^^^H 

Diitribiiyaii  of  Electricity       .        .     81*2 

Magnetic    action    of    the  Electric 

^^^^^^^^H 

Qtwfltity  Md  Inieniity  of  Chafg«    8S3 

Cnrrenl:  FJertrn-mct^tiivm     .    442 

^^^^^^^^H 

DoTdopment  of  Electricity  by  In- 

Galvanoacopes and    Galvanooie- 

^^^^^^^^^^^H 

duction  or  Influence         .        .    SR4 

ler* M 

^^^^^^^^B 

Elcctrophoms       ....     385 

Action  of  the  Magnet  upon  the 

^^^^^^^^^^^H 

Conilenier    .        .         .        .         ,      — 

Current  .                                   ,      4^  M 

Mutual  action  of  Electric  Currenta    44^  ■ 

Ampire**  Theory  of  Maarnetifm    447   ■ 

^^^^^^^^H 

CoAteti  Plate  and  Levden  Jar     .    38^ 

^^^^^^^^H 

Unit-jar  .        .     "  .        ,        •    S8S 

^^^^^^^^^H 

Tbe  Electric  Discharge  .        ,         .      — 

Magnetisation    by   the    Electric 
Current    .....    448 

^^^^^^^^K 

Diacbargfl  through  Air  and  other 

^^^^^^^^H 

Gn»t^\  the  Efrrfrie  Light    .       — 

Electro  dynamic  lodaetion:   Ma^            M 

^^^^^^^^^H 

Spark,  Brash,  and  Glow  ,        .    389 

neto-^leetridiif  .                          .    451   ■ 

^^^^^^^^H 

Dark  diacharge                .        .090 

Induced  currents  of  higher  orders    4i3  ■ 

^^^^^^^^^H 

Discharge  in  Rarefied  iiir         .      — 

Theory  of  Electro^magnetic  lo-            H 

^^^^^^^^^B 

DiAcharf^e  in  different  Gases    ,    S91 

duction     ...                 .    454  ■ 

^^^^^^^^B 

Luminous  discharge  in  Liqolde 

MagnctO' electric  machtnes  .        .    4-^  H 

^^^^^^^^^^^B 

and  Solids     .        .        ,        .393 

Induction  coil  .                           .    4A8  ■ 

^^^^^^^^B 

Duration  of  the  Electric  Light       — 

Measurement  of  the  force  of  Elec*            ■ 

^^^^^^^^^H 

Velocity  of  the  Electric  discharge      — 

trie  Currents     .        .        .        .459 

^^^^^^^^H 

Mechanical  and  Tlierraic  effect* 

Ohm's  Form  aim           .        .        .      — 

^^^^^^^^V 

of  the  EWiric  di^iharge          .    395 

Tbe    Tangent    Galvanometer  or 

^^^^^^^^^B 

CbemiciU  effect*  of  the  Electric 

Tangent  CompaJis    .        .        ,460 

^^^^^^H^ 

discharge          ....    397 

The  Sine  Galvanometer  or  Sine 

^^^^^^^r 

Magnetic  effccU  of  tbe  Electric  . 
diachargo          ,        ,        »        .598 

C^>mpnii3 4ei 

^^^^^H 

Comparison    between    the  Mag* 

^^^^^^H 

Molecular  Theory  of  Electric  action    399 

netic  Galvanometer    and    l£* 

^^^^^H 

Tlieory  of  a  Single  Electric  fluid     .    404 

Voltameter       ....     — 

^^^^^H 

Development  of  Electricity  by  Me- 

Reduction   of   tbe    force   of  thn 

^^^^^^1 

chanical  actioo: 

Electric  Current   to   Absolute 

^^^^^^H 

L  By  Friction      ....    405 

Mechanical  Meaanre         .        .4^2 

^^^^^H 

Friction  of  Good  Condactora    406 

Electric  rfc«H  stance    of   CooductoTi    463 

^^^^^H 

2.  By  Prewwre    ....    409 

^^^^^H 

B.  By  Cleavage  and  Separation  of 

Surfitcea        .        ,        .        .      _ 

lator         .        .        .        .        .    4«4 

^^^^^^H 

Conducting  powers  of  met ais,  &e,    U& 

^^^^^^H 

4.  By  Vibration  ....    410 

—Heating    Effecta  of  the  Electric 

^^^^^H 

Development  of  Electricity  by  Heat : 

Current 4«7 

^^^^^^^B 

1.  In  Crystal !W     ryro'tlectri^ity  ,    411 

Light    produced    by    the    Electric 
Gornjnt         .         .                 .        .    4*1 

^^^^^H 

2,  In  Good  Conductors.    Thermo- 

^^^^^H 

electricity        ....     412 

Physiorogical  action  of  the  Elwtric 

^^^^^^B 

Development  of  Electricity  by  Che- 

Current:  Animal  KJtrtrinty    .    473 

^^^^^H 

mical  action  :  Galmnic  or  Fo/- 

Generai  Law  of  Nervoua  Exci* 

^^^^^^B 

t€iie  Electricity                   .         .414 

tatioti  bv  the  Current       .        .     — * 

^^^^^H 

1.  By  th(?  Chemical  action  of  Ll- 

The  Muscular  Current         ,        .    474 

^^^^^H 

miids  on  Solids  :    Voitaic 
Battrry       .          .          .          .       _ 

The  Nervous  current  .        .        .    476 

^^^^^^B 

Electric  Fishes    ....      — 

^^^^^H 

Simple  Voltaic  circuit  or  Vol- 

Development     of     Electricity    in 

^^^^^^^B 

taic  couple         .         ,        .    415 

Pbntfl.        .....    478 

^^^^^H 

Compound    Voltaic  Circuit ; 

Electricity,  Atmospheric        .        .       .      — 

^^^^^^B 

Voltaic  Pile  or  Battery     .    42f! 

Electrode* U\ 

^^^^^^B, 

Constant  Batteries        .        .    4^4 

Electro-dynamics —     M 

Electrolysis    .*..,.—■ 
Electro*  niognetism         ,         .         .        ,      —      " 

^^^^^B 

2.  By  the  Chemical  action  of  Solu - 

^^^^^^B 

tions  one  upon  the  other       .    427 
Beeoiiener»  UTyt/en-circmt      .     428 
8.  By  the  Mutual  action  of  Gaaea 

^^^^^H 

Electronic!  er — 

^^^^^^B 

Electro-ni(*tinp  Force     .        ,         ,        ,      ^ 

^^^^^H 

and  Liquids  ;  Pohirisation. 

Electromotor  ....         .        .      —    M 

^^^^^H 

Giinhutrries.            .        .    42D     F!<?ctro- negative,  and   KIectJx>*podtiv«      —    ■ 

^^^^^^^B 

Grove's  Gas-bftttory      .         .     430 

Rlectro-nitrogureta                                   .      —     ■ 

^^^^^H 

Passive  fttate  of  me'tals          .      — 

Electrophoma  (p.  385).                                           ■ 

^^^^^^^B 

4.  By  Combustion        .        .         .431 

Electro -plating      .        .        .         .         ,      —     B 

^^^^^B 

Chemical  Effects  of  ihe  Electric  Cur- 

Electroscope  _ 

^^^^^B 

rent :  E/txh^/ymt      .         ,         .     432 

Electrotrpo ^ 

^^^^^^B 

Pom  thro  and  Nof;ative  Elements 

Electrum — 

^^V 

or  Radiclc-'i        ,         .         .         ,      _ 
Keiation  bctweon  Conduction  and 

Elementarj'  Analyaia  (a.  AnalTais»  Or-             ■ 
ganic,  i.  i>25).    '       ^             -    '^                    ■ 

^^^^^^H' 

Dciompoifition ....    43/> 

Elements        ,         .        .        «                      fSS    H 

^^H 

Secondary  Products   of  Elcctro- 

Eleitii ^    ■ 

^^^^^^P 

It^*'«  ■        •        .        .        .        .      -^ 

Klemin lO^H 

L 

Electrolytic  reduction  of  metala  !    437 

Elephant's  Fat        .....    9^1 
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Elephant's  Urine   . 

Elbayarite     ...  .        . 

Eliquation 

Eliasite 

Ellagic  add 

Elutriatioa 

Kmbolite 

Embrithite 

Emerald 

Emerald  Nickel 

Emeraldine  (see  Dyeing,  p.  668). 

Emery 

Emcrylite 

Emetme 

Emmonite 

Emodin 

Emplectite 

Eropvreuma 

Emulsic  acid 

Emulsin 

Emulsion 

Emydin 

Enallochrome  (s.  Aescnlin,  L  60). 

Enamel 

Enars^te 

Enceladite 

Endellionite  (b,  Boomonite). 

Endive 

Endomaderm  (s.  Chitin). 

Endophacin 

Endosmose  (s.  Osmose). 
Engelbardite  (s.  Zircon). 

Enstatite 

Eddin 

Epheeite 

Epibromhydrin  (s.  Bromhydrins  i.  667\ 
Epichlorhydrin  (s.  Glorhydrins  L  894 ; 

also  ii.  898). 

Epichlorite 

Epicblorobromhydrin  (iL  899). 
Epidermis     of    Animals     (s.     Homy 

Tissue) 

Epidermis  of  Plants       .... 
Epidermose  Ts.  Horny  Tissue) 
Epidesmine  (s.  Epistilbite). 
Epidibrombydrin  (iL  899). 
Epidichlorfaydrin  (s.  Chlorhydrins,  L  894 ; 

also  ii.  899). 
Epidote  ...... 

Epiglaubite 

Epi-iodbydrin  (iL  898). 
Epsoroite  or  Epsom  salt 

Epistilbite 

Equations,  Chemical  (s.  Notation) 
'Equisetic  acid  (s.  Aconitic  add). 

Equisetum 

Equivalents 

Erbium 

Eremacausis 

Erdmannite 

Eremite 

Ergotine 

Erica  camea 

Erica  vulgaris  (s.  Callona,  1.  722). 

EricacesB 

Ericinol 

Ericinone 

Ericolin 

Erinite 

Eriophnmm  vaginatam  .... 

Eritaiinicadd 

Erlanite 

Ershyite 

Vol.  II. 
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484 


485 


486 


487 


488 


489 


491 


496 
497 
499 


600 
501 


PAGE 

Embesdte 501 

Erndcadd — 

Erucin — 

Ervum  Lens  (s.  Lentil).         ...  — 
Eiygludn  (s.  Exythromannite) 
Er)'picrin  (s.  Picroefythrin,  p.  503). 

Eiysimum  Alliaria         ....  — 

Erythrarain 502 

Erythretin — 

Erjthrelic  add — 

Erythric  add  or  Erythrin      ...  — 

Picroeiythrin 508 

Erythrine  (s.  Cobalt-bloom,  1 1057). 

Erythrite — 

Erythrobetic  add — 

Erythrodanom — 

Erythrogen — 

Erythrogenic  add — 

Erytbrogliid*8iilpharic   add    (s.   Ery- 

diromanni-snlphuric  acid,  p.  506). 
Erythroffladn  (s.  Erythromannite). 

Eiythroleic  add 504 

Erythrolein  or  Erythrolitmin         .        .  — 
Exythrolesic  acid  (8.  Erythretic  add). 

Erythrolic  acid — 

Erythromannite     .       .        .       504  and  967 

Nitro-erythromannite     .       .       .  505 

Erythromannitic  ethers ....  — 

Erythronium 506 

Erythropbyll — 

Erythroprotide — 

Erythroretin — 

En'throse — 

Eiythrosin — 

Erythroxyline ^ 

K^rthroxylon  Coca  (s.  Coca,  i.  1059). 

Erythroz^me — 

Erythrylin — 

Eschente — 

Eschboltzia  califomica           ...  — 

Escbwegite 507 

Escnlin  (s.  Aesculin),  L  60. 

Esenbeckine — 

Esmarkite — 

Esparsctte  (s.  Hedysamm). 

Esrar — 

Essences — 

Essenite — 

Ester — 

Ethal  (s.  Cetylic  Alcohol,  i.  841). 
Ethalic  add  (s.  Palmitic  add). 

Ethalol — 

Ethalene  (s.  Palmitene). 

Ethalyl — 

Ethamide,  Ethamine,  Ethammine .        .  — 
Ethamine-sulnhuric   acid   (s.   Solphe- 

tbamic  acid). 
Ethene  (s.  Ethylene). 

Ethenides — 

Ether ^ 

Etherene  (s.  Ethylene). 

Etherification — 

Etherin  and  Etherol       ....  — 

Etherinamone 608 

Etheriplatinic  add         .        .        .        .  ^ 
Etherol  (s.  Etherin). 

Etherono — " 

Ethers — 

Ethers  containing  Monatomic  Alco- 
hol-radicles:  ,^^ 

1.  Oxides WO 

2.  Sulphides,    Selenides,    Tellu- 
rides 511 


3  R 


97S 


INDEX  TO 


TAOK 

EUi«n— oooUining  Monatomic  Alcohol- 

ndidei: 
8.  OxTg«i-«alti: 

a.  ConUiniagMotiftlomicAcia- 

ndlcles       ....    612 
6.  ConUining  IHAtomk  Acid* 

radicles        .        .         *        ,    514 
e,  Contairdng  Tri&tomk  Acid- 
ndicl««        ,        .        .        .516 
4.  Hftloid    Salts   of    MoDatomic 
Alcohol-ndides      ,        .        , 
Eth«rsconUimng  Di  Atomic  Alcohol- 
rndklet;  Glyeol-£th€r»i 

L  Oxida 517 

2.  OxrgQo-salti  .        .        *        .518 
8.  Rai(M-ult»    ....    619 
Etlien  contftiniDg  Trifttomic  Ak(^ 

bol-Tsdicles .        .        .        -       .      — 
Ethcn  coataining  TetnLtoiBie  Alco- 

hoUradicles .        .        •        .        .    621 
Eiher*  conUining  HexAtomic  Ako- 

hol-radiclet — 

Poljethylenic,  Poljglycene  ethen, 

&c 5S3 

Ethers,  Acetic  .        .        <        .        .    52S 

£tbor«,  UromhydncorHrdrobroRiic     .      — 
Ellitde,  Boric  (am  Ethyl,  Boride  of.  iii526)« 
Ktb  ionic  acid  ......      — 

Ktliionic  AnhTdride        .        .        .        .      -^ 

Ethyl 524 

Ethyl-amyl 525 

Ethvi-tetryl    ,...,— 
£th%U  AntifDooidet  of  (a.  Antimony- 

rftdklea.  Orgiuiic*  L  839). 
Ethrl,  Anenidftt  of  (s.  Ajnsemc-rodkleB^ 

OTKanic,!.  397). 

Ethyl,  Boridc  of:  Bortthyl     .         .        .      — 

Ammooio-liorHhyl ....    526 

Oxide  of  Borethyl  ....    527 

DIoxethylo-bortfLbyl  Rod  Bioxhy^ 

rtro-borothvl         ....      — 

Ethvl  Bromfde  ©^ 528 

Ethyl.  Chloride  of _ 

Cklorinated  Derivatives  of  Chloride 

of  Ethyl 530 

Monochlonnated  Chloride  of  Ethyl    531 
Di",  Tri-,  Tetra^  and  Per-chlori- 

naled  Chloride  of  Ethyl   .        ,    552 

Heavy  Hytlrochloric  etlier  . 

Ethyl,  Chlonjplatinate  of       .        ,        .      — 

E  thy  It  Chloroiiulphftie  of       .        .        .      — 

EthyU  Cvaniile  of ,        .        .        ,        .      — 

Ethvl,  Fluoride  of 533 

EthVl^  Hydrate  of  (s.  AJcohol,  L  72). 

Eihvl  Hydride  of ^ 

Ethyl,  liH^ide  of     .        .        .        68a  and  d&7 
Ethvl,  NJiridea  of  (a.  Ethylamioes), 
Ethyl,  Oxide  of :  Ethyik  ether      .        .    58G 
Chlorioated  and  Sulphuretted  Dori- 
vativea  of  Ethytic  ether: 
Monochlorethyiic  ether       .        .    540 
Dirhtoretfaiyljc  ether     .        .        *      — 
Solphethvlk  ether        .        .        .541 
Chi oroflufphet hylic  ether      ,         .      — 
rtrchlort'thyljc  ether  .         .        ,      — 
Perch krobromet hylic  ether.         ,      — 
Double  Ethen  con tainiQij  Ethyl : 

Etbjkle  of  Amy  1  (I  205). 
EthylttaofCetyl  (L  842> 
Fthylntf'  of  Benzylene  (i.  578). 
KtLiylut--^  of  Ethylene  (ii.  579). 
Kthykty  of  Ale  Shy  I      .        ,        .    542 


Ethyl,  Oxide  of— Ethrlal«s 

Ethylate  of  Octyl 

Ethyltt«  of  PotasBiam 

Etbylate  of  Sodium 

EthyUteof  Tetryl 
EthyU  Pliotpliidea  of  (a.  Fhoepfaonia- 

EthyU  Pinnibidet  of  (a.  Plmnlwtbyk). 
Ethyl,  SeltinhvdxHte  of  .        .        .        . 

Ethvl,  Seleoide  of 

EthyU  Btaimidei  of  (t.  StamMllijrU). 
EthyU  ^olphidea  of: — 

Prot««itlphide.        .        .       545 
CompouQda  of  Ethvlic  Solphid* 
with  Metallic  Chlondea  :  JUSet 

Chlorinated  DfrivitiVM  of  Ethy 
lie  Sulphide : 

Di-  aad  Tri^chlorethyiic 
phides  .... 
Tetra-    and     Fe3MJilo*tthylic 
Solphidea      . 
Diralpbidoof  Etl^l 
Tri-  and  FeaU-auIphides 
Ethyl,  Salphydfate  of  . 

Salphethylatee,  or  Mercaptidea 
2^3e*i  Indiflerent  Solpharetted  Oa 
Ethvl,  Tellaride  of,  or  Tellur«thvl 
Salts  of  Tellorethyl         ,    '    , 
Ethylacetamlde      .        *         .        . 

'Etbyl-dlacetainido 
Ethytainines  and  EthylammoBtimia 
Ethytuain«     .... 
Salts  of  EthyUmino     . 
Subetitutioti-producU  of  Etbyla- 
mine; 
DichlorethjlAmine 
I)ibromethvlamin« 
Dt'  iodethy  lAiiiixui 
Diethylamintt  . 
Trjethylamioe 
Triethyl-carbotiiAiDJxie^  or  TriclliTl- 

cyaaodlamioe 
Dieihyl-ainyr 


.    54S 


1 


548 

517 

64i 
541 


Tetrethvlamniotiium        •        , 

TrietbylamyUmmomam 

Triaihy  1  *oxethy  l*acety  1  -  ammonhmi 

TTiethyl-oxacetyl-animooiutn 
EtbylaiDixkooiain  (i.'£thylamiiiea). 
Ethylamyl  (a.  Ethyl,  p.  52eX 
Ethylaraylcitric  acid      ♦        ♦        .        , 
Ethykinylic  ether  (i.  206). 
Ethylaniline  (a.  Pbenylaminea). 
Etbyt-bftsea    (a.    Ethjlamixies,    Ethyl* 

arsines,  -pbosphiuea,  &c 
Etbyl'ljenzylamine  (s.  Beocethyl amine, 

L676). 
Ethyl- brotnaniline  (i.  PhenyUminc^  De* 

rivatlves  of). 
Ethyl-butylic  ether  («-  £thyl.  Oxide  of, 


M 


m 


55t 

m 

m 
tm 


5^ 


"% 


».548). 
Ethyi-cacody]  (a.  Anendictbvl,  i 
Elhvl-carbamio  acid  (a.  Gaxtkunkaeii 

I  751). 

Kthyl-carbamidea  ,        .        ,        .        . 

Ethyl-chloraniline  {§.  FbeojluniiM^ 
Derivatives  of)- 

Ethyl-codeine  (s.  Codeine  I  1068), 

Ethyl-conine  (s.  Conine,  ii.  5). 

Ethyl -cyanamide  (8.Cv«n«thylAinide% 

Ethyl'cyananillne  (a,  f  henylimlnt^  De- 
rivatives of). 

£tbyl-diMeUiiiJde(p«  952). 
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Ethyl-dithionlc    acid    (s.    Sulpharous 
ethera). 

Ethylene 

Ethylene,  Acetates  of: 
Monoacetate    . 
Monethylenic  Diacetate  . 
Polyethylenic  Diacetates 
Ethylene,  Acetobutvrate  of    . 
Ethylene,  Aceto-valerate  of  . 
Ethylene,  Acetoxychloride  of 
Ethylene,  Acetozyiodide  of  . 
Ethylene,  Benzoate  of    . 
Ethylene,  Bromide  of    . 

Bromitiated  Derivatives  of  Bromide 
of  Ethylene 
Ethylene,  Butyrate  of    . 
Ethylene,  Butyrozychloride  of 
Ethylene,  Chloride  of     . 

Chlorinated  Derivatives  of  Chloride 
of  Ethvlene . 
Ethylene,  Chloriodide  of 
Ethylene,  Cyanide  of     . 
Ethylene,    Dibromide,  Dichloride,  and 
Di-io<lide  of  (a.  Ethylene,  Bromide, 
Chloride,  and  Iodide  m). 
Ethylene,  Ethvlates  of  . 
Ethylene,  Hydrates  of,  or  Ethylenic  Al- 
cohols ... 
Monoethylenic  Alcohol :  Glycol 

Ethylenates  of  Sodium 
Polyeihylenic  alcohols    . 
Elhylem-,  Hydroxybromide  of 
!■!  chyle  lie,  Hydroxychloride  of 
EthyltMio,  Hydrozyiodlde  of . 
Ethyli'Be,  loHide  of 
Ethyii^DOt  lodated  . 
Eihyltnef  Toiiuchlorideof 
Eihyltne,  Oxiile  of 
IMo methylene  . 
Compound    of    Ethylenio    Oxide 
with  Aldehyde     . 
Ethylene,  Oxybroraide  of 
Ethylene,  Oxysulphide  of 

'DioxyRulphide  of  Ethylene 
Ethylene,' Oxysu  I  phyd  rate  of 

Diethylenic  Oxysulphydrate 
Ethylene,  Stearate  of     . 
Ethylene,  Succinate  of  . 
Ethylene,  Sulphate  (add)  of. 
Ethylene,  Sulphides  of  . 
Ethylene,  Sulphites  of  . 
Ethylene,  Sulphobromide  of  . 
Ethylene,  Sulphochlorides  of . 
Ethylene,  Sulphydrates  of     . 
Ethylene-bases 
Diamines 
Ethylene-diamines  containing  mon- 
atomic   and   Diatomic  Alcohol- 
radicles        

Ethylene-triamines . 

Ethylated  Ethylene-triamines    . 
Ethylene-tetramines 

Ethylated  Tetrammoniums . 

Monatomic  Bases  produced  by  the 

action  of  Dibromide  of  Ethylene 

on  Ammonia  and  the  Monamines 

Oxethylenamines  or  Ethylene-hy- 

doramines 

Ethylene-carbamides      .... 
Ethylene-dichloride  of  Pktinum   . 
Ethylene-hydoramines     (s.    Ethylene- 
bases,  p.  694). 


665 

666 
667 

668 


669 


670 
67i 


678 
674 


676 
677 


678 


679 

679  and  968 

679 

680 


681 


682 
682 


683 


686 


687 
688 
690 
691 


693 


696 


Ethylene-phenylamuies  (s.  Phenyl- 
amine). 

Ethylena-phosphines  (s.  Phosphoma- 
bases). 

Ethylene-succinic  add  (p.  682). 

Ethylene-sulphnrie  add  (p.  682\ 

Ethylene-solphnroas    acids     (s.    Sul- 

Ehurous  athen)). 
yiena-tetrammes     and     -triamines 


(p.  688). 
Ethylene- ureas  (s.  Ethvlene-carbamides 

p.  695). 

Etiiylidene 698 

Bromide,  Chloride^  and  Oxjchloride 

ofEthylidene      ....    599 
ChlorethyUteofEthyUdene   .       .    600 
Ethyl-fonnamide  (s.  Formamide). 

Ethyl-ibrmyl — 

Ethyl-glyoocine  (a.  Glycodne,  p.  905). 
Ethyl-glvcollic  add  (s.  Glycollic  ethers, 

p.  916). 
£tbvl-hem]pinic    add    (s.    Hemipinic 

ethers). 
Ethylia  (s.  Ethrlamine). 
Etbylldas  or  Ethidea      .        .        .        .      — 
Ethyl-lactic  add  (s.  Lactic  ethers). 
Ethyl-malic  acid  (s.  Malic  ethers). 
Ethyl -meconic  acid  (s.  Meconic  ethers). 
Ethyl-mellic  acid  (s.  Mellic  ethers). 
Ethvl-mercaptan  (s.  Ethyl,  Sulphydrate 

EthyUmethylamines  (s.  Methylamines). 
Ethyl-methyl-coninium(s.Conioe,p.l09). 
Ethyl  methylic  ether  (s.  Ethyl,  Oxide 

o^p.  642). 
Ethyl-morphine  (s.  Morphine). 
Ethyl-mucic  add  ^s.  Mucic  ethers). 
Ethyl-nicotine  (s.  Nicotine). 
Ethyl-nitraniline  (s.  Nitraniline,  under 

Phenylamines). 
Ethyl-nitrophenidine  (s.  Phenic  ethers). 
Ethyl-octylic  ether  (s.  Ethyl,  Oxide  of, 

p.  642). 
Ethyl-oxacetic  add  (s.  Glrcollic  ethers, 

n.  916). 
Etnyl-oxalic  acid  (s.  Oxalic  ethers). 
Ethyl-oxamic  acid  (s.  Oxamic  ethers). 
Ethyl-oxamide  (s.  Oxamide). 
Ethyl.paratartaric  acid  (s.  raratartario 

acid). 
Ethyl-phenylamines  (s.  Phenylamines). 
Ethyl-phosphines  (s.  Phosphorus-bases). 
Ethyl- phosphoric      and     -phosphorous 

acids  (s.  Phosphoric  and  Phosphorous 

ethers^ 
Ethyl-picoline  (s.  Picoline). 
Ethyl-piperidine  (s.  Piperidine). 
Ethyl-pteritannic   add  (s.  Pteritannic 

add). 
Ethyl-pyridine  (s.  Pyridine). 
Ethyl -quinine  (s.  Quinine). 
Ethyl-selenhydric  add  (s.  Ethyl,  Selen- 

hydrate  of,  p.  643). 
Eth'yl-sinamine  (s,  Sinamine). 
Ethyl- stibines    (s.    Antimony- radldes, 

Organic,  i.  841). 
Ethyl-strychnine  (s.  Strychnine). 
Ethyl-sulphydric  add  (s.  Ethyl,  Sul- 

K hydrates  of,  p.  647). 
yl-sulphocarbonic  and  -sulphophos- 
phoric  acids  (s.  Sulphocarbonic  and 
Sulphophosphoric  ethers). 
3b2 


980 


INDEX   TO 


mi 


602 
603 


6D4 


605 


Ethyl-rolpbiiric  and  -aulpburous  «cid« 

(s.  Sulpnuric  aod  SulphurouB  ctbeni)* 
Ethyl -tannaapidic  acid  f  s.  Tannic  ftcids) 
Ethyl- tartaric  acid  (a.  Tartaric  ethers). 
Ethyl-thiosinamine  (a.  Thiosinamiiitj). 
Elhyl'toluidine  («-  Toluidine). 
Elbji-trilhionic  add  (a*  Melbyl-dlthl- 

onic  acid). 
Ethvl'orea  (a.  CarbMnide,  L  7M\  aIbo 

ii:6fi4). 
Kthyl-uruthane  (s.  Carbamic  add,  L  751). 
Eucmrite  (a,  Eukairite,  p.  605). 

Eticalyn 

Kucfllyptoa     .,..,. 
Encanipite  (iw  Eukaraptite,  p.  6€5). 
Kucbtima  epinoaam         .... 

Euchloriae 

Euchrofc  Oicid 

EurhroTtfl        ..,.♦. 

Euchrone 

Euchysidenie. 

Euclaae 

Eucl&jiite         ...... 

Eodialyto 

Eudjnmeter  (a.  Analysis  af  Guea^  i.  26S). 
Endiopbite  ,..,,. 
Eiti^cnalk'phanic    add    (s.    Allopbftfiic 

acid,  i.  134), 
En^ennni*ic  anhydride  .        .        4        . 
Eugi^ne-glance  (§.  Polybaaite). 
Eugtt'neflite     .        .     *  « 

Engenetbyl 

Eugenic  acid  ,        ,        ,        *        . 

Engenici 

Eugeno-benzoic  anhydride     * 

Etigeuol  (si.  Eugenic  acid). 

Eugetio-cumitiiu  anliydrid«  (p.  108). 

Kugeno-toltiylic  anhydride    .        .        .      *^ 

Eugetic  acid  (i.  Ad  dentin,  p,  96B). 

E  Helena  viridia      .        .         ,         ,         ,      — 

Eukairite — 

Eukamptitfii ^ 

Eiiklafl«  (a.  Eudose). 

Eukoiyte         ,        .         .        .  .      .^ 

EukolytQ-titauite 606 

Eu'ysm — 

Euiyaite — 

Eulyte  and  Dyalytc  .  .  .  .  ^ — 
Eulytin  .  .  '  .  .  .  .  .  ^ 
Eumanita        .....,—' 

Euodyl — 

Euonymin ,      ■ — 

EtionyiTiite — 

EupAtoriiim — 

Etijdiorbia       ......      — 

Exi[vhurbln  (s.  tupborbmtn). 

Etiphorbium    .         .         .         ,         .        .607 

Eupbotid®  (a.  Gabbro). 

Euphnuia &)B 

EuphyJlite — 

Eupionc ,         ,      — 

EMpyrchroTtc — 

Eiirite     -...,,.  ^ 

Eaeynchite 6(J9 

Etitomite 

Eaxanthic  Acid 

Brotneaxanthic  acid        .  .  6J0 

ChlorouKaotbic  acid        .        ,        .  — 

Nitroeuxantbic  acid        ...  — 

Cijccinonic  acid        ,        .        .        ,  — 

HftmatbJonic  add   ....  — 


EnxjuiUionA   . 

Euxenite 

EuzeoHt«  (b.  Stilbitel 

F>ap«>r«tion  (a*  Heat). 

Evcmia  .        .        * 

EveruJC  acid    . 

Everninic  acid 

Eve  mi  tic  ^d 

Exantbaloaa  . 

Excreineota   . 

Excrotin 

Excretolic  add 

Exopbadn 

ExoemoM  (a.  Oainoi*), 

ExpanflioQ  (a.  Heal). 

Exjiccator 

Extract  . 

Eye 


F«tces  (a.  Excrem^iii). 

Fagin     ,        .        ,        . 

Fa^ua  (*  Beech). 

FabUcra  (a.  Tutrahedrite). 

Fnbluuiie 

Faaaaite  ... 

Fata        ... 

FanjaaSte 

Fayidite  .... 

Ffty onto ,        .        ,         , 

FeAtbcr-alum. 

Feaiher-ore    . 

Fcathera 

Feldspar  (g.  Felspar). 

Felsite    .        .        .         . 

FelAobanyitfl  (a.  Gibbaile). 

Fthpor  ..... 

Orthoclaao 

Albite      .... 

Green  Felspar  of  Bodetimaii 
FclipAthic  rocks      .        .         . 
Fwiuel,  Oil  of .        .        . 
Fergiaaonitd     .... 
Fermentation  and  l^trefactian 

CircumaUncc*    which    j)re\*viit 
interrapt  thcj«  proce«sc4 

Theories  of  form  en  t«tioa  .! 

Fermentation,  Acetoua   .         ,         ,  ' 
FermentJitiQnf  Alcoholic  or  Vinoms 
Fermentation^  But\T&tta 
Fermentation,  Gulfoua  or  ToAaoua 
Fermentation,  Lactoiu  • 
Fermentation,  Mucoua    . 
FermeRtaiion,  Fectous   • 
FBriDentaiioa,  Sacduroiu 
Fermentation,  Sinapous. 
Fermentation,  Tannoaa    (jl   Femii 

tion.  Gallon^  p.  Cdl). 
Fermentation,  t^rinoiu   . 
Fermentation,  Vinoua  fp.  C27). 
Fermentation,  Viacatu  (».  Fen 

Mucoui,  p.  6S2> 
Ferment  Oila  . 
F'eTTat^ , 
Ferric  acid 
Ferric  oxiJo   . 
Ferric  aalts     » 
Ferri-  or  Ferrid-cyiinidM  r«,  Crii 

oflroo^p.  243).  "^ 

Ferriles  * 


sfmS^I 
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PAOB 

Ferrocobaltine 688 

Ferrocjanidea  )  (s.  Cyanides  of  Iron, 
Ferropnuaiates  j       p.  222). 

Fibrin — 

Preparation — 

Formation  from  Albumin        .        .  639 

Properties  and  Composition    .        .  — 

Decompositions        ....  640 

Sources  and  Physiological  relations  642 

Fibrip,  Vegetable 643 

Fibroferrite 644 

Fibroin — 

Fibrolite 646 

Fichtelito — 

Ficaria — 

Ficarin — 

Ficinite  (a.  Yivianite). 

Ftous — 

Fieldite 646 

FifTure-stone  (s.  Agalmatolite,  i  60). 

Filicic  acid — 

FilJnipliaiG  add 647 

FilitntlEHi-fiulpburic  acid        ...  — 

Filjpel<5!iic  ftciil — 

Chbfc301ipelo3i<:  add       ...  — 

Filix       . — 

Filixolinic  and  Filosmjlic  adds     .       .  — 

Filtration — 

?iorite 651 

Firel)lende — 

?ire-clay — 

Fire-damp 654 

Fire-opal  (s.  Opal). 
Fireworks  (s.  Pyrotechnv). 
Firewood  (a.  Wood). 

Fiscberite — 

Fish-oil  (a.  Oils) — 

Fixed  air — 

Fixity — 

Flake-white — 

Flame — 

Flavin 656 

Fla\indin — 

Flavine 656 

Flax — 

Composition  of  the  Ash  of  the  Stem 

and  Seed 657 

Composition  of  Flax-soils       .        .  658 

Steep-waters 659 

Hot-water  steeping         .        .        .  6(50 

Flesh 661 

Flesh -juice 605 

Broth— Licbig's  broth  for  invalids  607 

Flexible  Sandstone         ....  — 
Flexible  Silver  ore  (s.  Stembergite). 

Flint — 

Flintv  Slate  (s.  Slate). 

floatstone 608 

los  ferri — 

Flour      .                 — 

Flowers,  Colours  of        .        .        .        .  — 

Fluavil 609 

Flucerine — 

Fluellito — 

Fluoboric  add  (a.  Boron,  Fluoride  of,  i. 
633). 

Fluocerine — 

Fluocerite — 

Fluochlore — 

Fluolite — 

Fluor  (s.  Fluor  apar). 

Fluorhvdric  or  Hydrofluoric  add  .  — 

Fluoride  of  Alnminium  (i.  167). 


PAGE 

Fluoride  of  Ammonium  .       .        •    670 

Fluoride  of  Antimony  (i.  822). 
Fluoride  of  Arsenic  (i.  817). 
Fluoride  of  Benzoyl       .        .        .        .671 
Fluoride  of  Barium  (i.  604). 
Fluoride  of  Boron  (i.  682). 
Fluorides  of  Cadmium,  Calcium,  Cerium. 
Cobalt,  Copper,  &c  (see  the  several 
metals). 
Fluoride  of  Ethvl  (ii.  633). 
Fluoride  of  HvJrogen  (ii.  669). 
Fluoride  of  Plioaphorua  (a.  Phoaphoms 

FlmirJde  of). 
Fluorido  Qn^jiicon  (a.  Silicon,  Fluoride 

of). 
Fluorides,  Metallic         ....      — 
Fluorides,  Organic  ....    672 

Fluorine — 

Fluorioi?,  Detection  and  Estimation  of: 

L  l^Mc^tiitTm    .....     673 
2.  Quantitative  estimation      .        .      — 
Estimation  in  Solutions      .        .    674 
— e in      insoluble    com- 
pounds .        .    675 
-               of  Itlh!  HTdrc'flu<H-ic 
i^id  in  ^r^eme  of 
Fluorides  — 
8.  Separation  of  Fluoritic  fro  mother 

Elements         .        .        .        .      — 
4.  Atomic  wdght  of  Fluorine         .    676 

Fluor  spar 677 

Fluosilicanilide 679 

Fluosilicates  ")  (s.  Fluorides,  p.  671 ; 
Fluotantalates  >also  Silicon,  Tantalum, 
Fluotitanates   J  Titanium). 

Flux — 

FIv-powder 680 

Fodder — 

Foliated  Tellurium  (s.  Nagyagite). 
Foo<l  (s.  Nutrition). 

i.^rin,.i.,,.u.  .        .        .        .681 

Xjipbihyi'furmamidc      ...      — 
l-lK-mi-formamidc  .....     682 

Fonnanitiilo — 

Poniit^tiaitiiiie  .        .        .        .      — 

KiirnmniKS  Trmitrnted  (s.  Nitroform). 

Formic  add ~~ 

Occurrence — 

Formation 683 

Preparation 685 

Properties 687 

DK'om  positions        .        .        .        .      — 

Pormates 688 

Formic  Ethers 693 

Foittionieihylal  (*.  Mcthvlal). 
Formonaphtli^Jjiip    (s.  Kaphthylforma- 
inide.  i>.  G81). 

Formonatin 695 

Formulae,  Kational  ....      — 

Formyl 705 

Fomiyllft,  Formylamiiiu         .        .        .      — 
Foniivlido  .....       ^ 

Ji^rniVl'dipbonjl-diaraine  (s.  Phenyla- 
mincs). 

Forsterite — - 

Fosresinic  acid — 

Foumetite — 

Fowlerite — 

Foyaite — 

Fracture  of  Minerals      ....    ^-- 

Fragaria 706 

Fraidronite — 

Francollte -" 
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Franffolin 

Nitrofrangalic  add 
Frankincense 
Fmnklinite     . 
Fraxetin 
Fraxin    . 
Fraxinine 
Fraxinite 
Fraxinus 
Freibergite     . 
Freislebenite  . 
French  Berries 
French  Polish 
FritillariA  imperialis 
Fritt 
Froit 

FucQs  (s.^  Sea-weed). 
Fncusamide   . 
Fucttsine 
Fucasol  . 
Fuel 

Composition  of  Coal 

Lignite 
Wood 
Peat,  Turf 

Relative  calorific  powers  of  ^ 
kinds  of  Fuel       4 

Thermal  eflTect  of  Fuel 
Fuller's  Earth 
Fulminates     .        .        • 

Fulminate  of  Copper 

Fulminate  of  Hydrogen  , 

Fulminate  of  Mercury 

Futmbatgs  of  Silver 

Fulminnlefl  of  Zinc 
Fulminit:  add  {p^  7Bt}* 
FnJminuric  acid 

Fulmmurates  . 
FTilminnrir:  R£hc.r    •  . 

Fnmaramide  . 
Fumaricacid  . 

Fumarates 
Fumaric  anhydride 
Fumaric  Ether 
Fumarimide   . 
Fumarine 
Fumaroles  (s.  Volcanic  Emanations). 
FumarvU  Chloride  of 
Fumigation    . 
Fuming  Liquor  of  Boyle 
Cadet 
Libavius 
Fun^^ic  acid    . 
Funkite 
Furfuramide  . 
Furfurine 

Fnrfurine-salts 

Ethyl -furfurine 

Amy!  furf'urine 
Furfiirol 

'Ihiofurfdl 
^ktiiufurfol    . 
FiiicHfe  (a.  ^a polite),  ' 
Fu»el  oil 

Dpfuwlatjon  of  Alcohol  , 
Fuftible  metiil  , 

Fusion  (s.  Heat). 
Fustic     .... 
Fustin     .... 
Fosyl      .... 

Disulphide  of  Fusyl 
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717 

718 
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724 
730 

782 
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788 
789 
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746 
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748 
760 


752 
753 
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765 


Gabbro 

Gabbronite  (s.  Scapollte> 

Gadinicadd 

Gadolinite 

Gaduin 

Gagates 

Gahnite 

GalacUn 

Galactite 

Galam-butter         .... 

Galanga 

GalapecUte  (s.  Halloymte). 
Galbanmn      .        • 

Galena 

Galipot 

Galitannic  add  .    •         .         . 

Galium 

Gall  (s.  Bfle). 

Gallamic  add 

i,  r .  ■  .    ,  ..iiic  add 

<  1  iiili  ii-  '■  aoiil        .... 

Gallic  add 

Gallates 

Gallicenite  (s.  Ratile). 

Gall-nuts 

GiLllE^tannic  add      .... 

GuOotnnnatea  .  •  .  . 

Galli  (s.  Gall-nuts)* 
Galbtonea       .         *  .  .         . 

Gallulmic  acid  ^t.  O^illic  add) 
GftVvfinbm  (*.  Llectriclty). 

l^h'. "ter  -         .  .         . 

*,  '..'....'.■    \Mty         ,         .         .       ■  . 
Galvanoecope  .... 

Gambir  (a.  Catechu). 

Gamboge 

Gamsigradite  .... 

Gangue 

Ganomatite 

Garanceux     ..... 

Garancin 

Garbenstilbite  (s.  Stilbite). 

Garcinia 

Gardenia 

Garnet 

Gas 

Gas  Burners  and  Furnaces     . 

Bunsen's  Burner 

Griffin's  Gas-furnaces  for  ETap< 
ration,  and  for  Fusion  of  Silica 
&c 

Gnffia'a  Blast  Gas-tumacQ 

Gary's  Qas-fumace 
Gases,  Absorption  of: 
I.  By  Liquids 

II.  Bv  Solids 
Gases,  Collection  and  Preservation  0 

Colli  L^ion  in  <>xhiiuittedTe8Jj«els 

Collection  by  dtAplaceziietit  of  aif 

Collection  ia  UqtiJds : 

Water  and   meixurj    Uexig 
■DMper^s  mercurial  reomvev 
< ift?i-lii:>l"li"r!^  and  tlajvcrneten 
Bunsen's  Mercurial  Gasomet 

Preservation   of  Gases    in    seal 

tubes 

Gases,  Combination  of,  by  Yolnme 
Gases,  Diffusion  of . 
Separation  of  Gases  by  Difiusion:  Atm 
lysis     ..... 

Theory  of  Diffusion 
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Gases,  Effnsioii  of 818 

Gases,  Liquefaction  and  Solidification  of 
(s.  Heat). 

Gases,  Osmose  of — 

Gases,  Relations  of,  to  Pressure  and  Tem- 
perature        819 

Gases,  Specific  GraTlty  of  (s.  Specific 

Gravity). 
Gases,  Specific  Heat  of  (s.  Heat). 

Gases,  Transpiration  of  .        .       .        .  820 

Gasterase 821 

Gastric  Juice — 

Gaaltheria 825 

Gaulthericacid  (s.  Methyl-salicylic  add). 

Gaultberilene 826 

Gay-Lussite — 

Gedrite — 

Gehlenite — 

Geic  acid  (s.  Ulmic  add). 

Gelatin — 

Gelatin,  Yegetable  (i.  Glaten). 

Gelidium        .        .        .        .        .        .  — 

Gelose — 

Crems 829 

Gentian — 

Gentianic  acid 880 

Gentianin — 

Geocerain — 

Geoceric  add — 

Geocerinone 881 

Geocronite — 

Geode — 

Gt'ologj,  Chcmiatiy  of  »        .         ,        .  — 

GcriiuTi/viion  of  PlonU    ....  886 

QamioTi^lQ  (s.  XickBl-gUnce)^      .        .  838 

Gf'yseriie  (a»  Opal),        .        .        .        .  — 

f^i-  ii-ii  '  .       .       .       .       .       .       .  — 

Gieseckite — 

Gigantolite — 

Gilbertite — 

Gilding  (s.  Gold). 
Gillingite  (s.  Hisingerite). 

Gin — 

Ginger — 

Ginseng — 

Giobertite  (s.  Magnedte). 

Girasol — 

Gismondin  (s.  Abrazite). 
Gitliagin  (s.  Saponin). 
Glaiadin  (s.  Gluten). 
Glairin  (s.  Baregin,  i  500). 

Glance — 

Glaserite         ......— 

Glass — 

Composition  of  various  kinds  of 
glass: 
Bottle  and  Window-glass    .        .  840 
Plate  glasa.     Bohemian  glass      .  841 
Crystal  gl^BA,     Flint  glass  .        .  — 
If  ^ntz  Flax  or  Pierre  de  Stra^  .  — 
AveDturin  glass.    Eaby -glass     .  842 
Enamd                                  .        .  843 
Deeomfiijdticn  of  class        .        .  — 
Devi trified gloss.  Keaumnr's Por- 
celain          844 

Glaubapatite 845 

Glauber  salt  (s.  Sulphates). 

Glauberite — 

Glaucene — 

Glaudc  acid — 

Glaucine — 
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Glaudum 845 

Glaucodote     ......  846 

Cflancolite'  (s.  ScapoUle). 

Glnticomelanic  acid        ....—. 

(iljiaeonite       ^        .....  ... 

GlaiiiCi>pUcifie  (a.  Wichtyn). 

(ilflueDpLeriDe -» 

GlnuctdderitQ  (a.  Yivianite). 

Glechoma — 

Glladin,  s.  Gluten 

Glinkite 847 

Globularia — 

Globulin — 

Glockerite — 

Glonoin  (^  Nitroglycerin). 

Glossecolite — 

Glottalite 848 

Glndcacid — 

Gludnum 849 

CompQunitf;  of  Gludnum  .  .  — 
Glucinum,  Alloys  of       .        .        .        .851 

Gludnum,  Bromide  of    .        .        .        .  — 

Gludnum,  Chloride  of    .        .        .        .  — • 
Glucinum,  Detection  and  Estimation  of: 

1.  Reactions -> 

2.  Quantitative  Estimation  and  Se- 

paration    — 

3.  Atomic  Wdght  .  .  .  .  — 
Glucinum,  Fluoride  of  ...  .  852 
Glucinum,  Iodide  of  .  .  .  .  — 
Gludnum,  Oxide  of:  Glucina  .  .  — 
Glucinum,  Oxygen-salts  of  .  .  .  853 
Glncinnm,  Phosphide  of  .  .  .  — 
Glucinum,  Selenide  of  .  .  .  854 
Glucinum,  Sulphide  of  .  .  .  ._ 
Glucosan — 

Acetyl 'glucosan      ....—- 
Benxo'giucosan        ....<— 

Botrro-glticosaji     ....  — 
Ethyl -gtncQaan       .        .        .        .855 

Glocose                           .        .        .        .  — 

DextroglactM^         .        .        .        .  ^ 

Occurrence  ....  — 

Formation ^ 

Preparation          ....  857 

Properties 858 

Decompoaitions    ....  859 

Combinations : 

With  Water     ....  862 

With  Metallic  oxides       .        .  — 

With  i3romide  and  Chloride  of  — 

Sodium  .        .        .868 

LmvoglnroBc  and  Inverted  Sugar  .  — 

I^voIu»an 864 

Otucose,  Detection  and  Estimation  of    .  — 

Glacoftc  Fenrtent 865 

Gliat'osidea               — 

Glucosocitric  acid 872 

(jlucososucdnieacid       .        .        .        .  — 

Olucosostilpharic  add    ....  — 

Gliicosotartaric  acid       .        .        ,        .  — 

Glue 878 

Gluten — 

Glyceramine 875 

Diglyceryl-dihydorbromamine        .  — 

Diglyceryl-dihydorchloramine        .  87G 

Glyceric  acid — 

Glycerates — 

Glycerides 877 

Constitution — 

Occurrence  and  Fonnation      .        .  879 

Properties — 

Decompositions       ....  — 
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Glvcerides : 

Glycerides   conUiniDg   Monatomk 
Alcohol-radicles 
Ethylin 
Ethyl-chlorhydrin 

Diethyl     • 

Diethyl-chlorhydrin    . 

Etbyl-chlorobromhydrin 

Triethylin    . 

Amylin 

Amylchlor-y  -brom-,  and  -iodhy< 

drin  .... 
Diamylin     . 
Ethvlam^lizi 
Polyglycendes 
Glycerin         .... 
Formation  and  Preparation 
Properties 

Uses        .... 
Imparities  and  Adulterations 
Decompositions 
Nitroglycerin  . 
Glycerocitric  acid   . 
Glycero-oxalic  acid 
Glycerophosphoric  acid  . 
Glycerosolpharic  acid    . 
Glycerotartaric  acid 

Glyceryl 

Glyceryl,  Bromhydrates  and  Bromide  of 

(s.  Bromhydrins,  L  667). 
Glyceryl,  Chlorhydrates  and  Chloride  of 

(s.  Cblorhydrins,  i  893). 
Glyceryl,  Hydrates  of    . 

Diglycerin  or  Pyroglvcerin     . 
Ohlorhydro-diethyl-pyroglycerin 
Triethyl-pyroglycerin . 

Triglycerin 

Tetrethyl-triglycerin  • 
Diglycide,  Pyroglycide,  or  Meta- 

glycerin 

Glyceryl,  lodhydrates  and  Iodide  of  (s. 
lodhydrins). 

Glyceryl,  Oxide  of 

Glyceryl,  Oxygen-salts  of  (s.  Acetins, 

Benzoins,  Bntyrins,  &c.). 
Olyoeryl,  Snlphydrates  of     .        .       . 

Glydde 

Glycidic  ethers 


882 


884 


887 

888 

889 
890 
891 


892 
898 


894 
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Amylglydde 
Ethyl-gly 


897 


or    Epi- 
or    Epi- 


Ethyl -glycide . 
Monobromhydroglydde 

bromhydrin . 
Monochlorhydroglydde 

chlorhydrin  ....    ww 

Mono-iodhydro^ydde  or  Epi-iod- 

hydrin — 

Dibromhydroglydde  or  Epidibrom- 

hvdrin 899 

Dicnlorbydroglycide  or  Epidichlor- 

hydrin — 

Chlorobromhydroglydde    or    Epi- 

chlorobromhydrin        .        .        .      — 

Glycidvl — 

Glycocholic  acid — 

Glycocholates 901 

Paraglyeocholicadd        ...      — 
Glycocine  or  Glycocol     ....    902 
Metallic  compoands  of  Gljrcocine   .    908 
Compounds  of  Glycocine  with  Acids 

and  Salts  .  *  .  .  .  .904 
Ethyl-glvcocine  .  «  .  .  905 
Dimethvl.glycocine  ...  — 
Di-  and  Tri-glyoollamic  adds       .      — 


Glycocyamidine     .... 
Glycoeyamine        .... 

Glycogen 

Glycohyocholic  add  (s.  Hyo-^ljooc 

add) 
Glycol,  Amylenlc  (s.  Amylene,  Hyd: 
of;  i208).-.Glyc(^  Eth|rl«!iuc  (a.  E 
lene.  Hydrates  of,  p.  574). 
Glycolaldyl    .... 
Glyoolic  ethers 
Glycollamide  . 
GlycoUic  add 

Glycollates      . 

DeiriyatiTas  of  Glyeollic  add : 
AcetoglyooUic  acid  (p.  917 
Benxogfycollic  acid  (i,  548 
Bromogfyoollic  acid 
Digl3rcolIic  acid 
Diglycolethjlenic  acid 
Glyeollic  ethers 

Methyl-fflyoollic  acid 

Ethyl -glyeollic  acid 

GlycoUate  of  Eth jl 

Amyl-glycollic  acid 

Phenyl- fflycollic  add 

Cresyl-glycoUic  add 
Glyoollide      .... 
GlycoU 

Glycosine  .... 
Glycyrretin  .... 
Gly<7rriiizin  .... 
Glyoxal  .  . 
Glyoxaline  .... 
Glyoxylic  add 

Gmelinite       .... 
Gnaphalium   •        .        .         . 

Grneiss 

Gokumite  (s.  Idocrase). 
Gold 

Occurrence 

Extraction 

Properties 

Compounds     . 
Gold,  Alloys  of 
Gold,  Bromide  of   . 
Gold,  Chlorides  of . 

Chloroanrates 
Gold,  Detection  and  Batimation  of: 

1.  Reactions    .        . 

2.  Qnantitatiye  Estimatioa  and 

paration   .        .        . 

8.  Atomic  Wdght  . 
Gold,  Iodides  of     .        .         . 
Gold,  Mannheim    . 
Gold,  Metallurgy  of  (p.  925). 
Gold,  Mosaic  .... 
Gold,  Oxides  of: 

Aurous  Oxide 

Auric  oxide :  Auratet      . 
Gold,  Oxygen-salts  of    . 

Sodio-aurous  and  -auri-aulphitei 

Baryto-aurous  Hyposulphite 
Gold,  Phosphide  of 
Gold,  Sulphides  of 
Gold,  Telluride  of 
Gold-amalgam  (p.  927). 
Gold-assay     .... 
Gold-beater*8  skin  . 
Gold*  beating 

Gold-purple:  PwpkofCeusiuM 
Golden  Marcasite   . 
Golden  Sulphnret  of  Antimonj- 
Gong-goDg    •       •        •        • 


THE  SECOND  VOLUME. 


985 


PAOB 

Gongylite       .        .       .        .        .        .989 

Goniometer — 

Gorgonia — 

Gosnenite — 

Goslarite — 

Goman 940 

Gossypinm — 

Gothite — 

Gotthardite — 

Gdulard'e  extnct — 

Goulr  concr«lUiai — 

Gradmitioii      • — 

Gtiiiner                   — 

Qrainji  of  ParaidiBo — 

Grain  Tin — 

Grammatite — 

Granatin — 

Granite — 

Grannlation — 

Granulite 941 

Granulose — 

Grape  (g.  Vine). 

(trape-sagar  (s.  Glacoae). 

Graphic  Gold;   Graphic  Ore;  Graphic 

Tellurium — 

Graphite — 

Graphitic  acid — 

Gruphon 942 

GraMCS — 

Grass-oil,  East  Indian    ....  — 

Gratiola — 

Graulite  (s.  Tectizite). 

Grauwacke — 

Gravity.  Specific  (s.  Specific  gravity). 

Greek  Fire — 

Green  earth — 

Green  Iron  ore 944 

Green  Lead  ore — 

Green  Pigments — 

Green  Vitriol — 

Greenlandite — 

Greenockite — 

Greenovite 945 

Greenland — 

Greenstone — 

Grenadin — 

Grenatite — 

Grengesite — 

Grey  Antimony — 

Grey  Copper  (s.  Tetrahedrite). 
Grey  Dyes  (s.  Dyeing,  p.  868). 
Greywacke  (s.  Grauwacke). 

Groppite — 

Groroilite — 

Grossular — 

Grtlnanite       ......  — 

Grttnerite — 

Guacin — 
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Guaiac  (s.  Goaiacum). 

Gnaiacene 945 

Guaiadc  acid  (s.  Guaiaretic  add). 

Gnaiacol 946 

Guaiaconic  acid 947 

Guaiacum       ......— 

Pyroguaiacin  .        .        ,        .        .  948 
Guaiurftic  acid        ••,..— 

Guanidine 949 

Guanine 950 

NitroguanJne 952 

Oxyguanine — 

Guanite  (a.  Stravite). 

Guano — 

Guarinite 958 

Guayacanite  (a.  Enargpte). 

Guizotea — 

Gum — 

Gum  Arabic    ....  — 

Gum  Senegal 954 

Cherry-tree  gum     ....  — 

Gum  of  Baasora       ....  955 

Gum  Tragacanth     .        .        .        .  _ 
Gum  of  Seeda  and  Roots,  or  Mad- 

la^o — 

Artificial  gums : 

a.  British  Gum  or  Dextrin  .        .  — 

5.  Gum  from  Sugar     ...  — 

Gnmlac — 

Guromic  acid — 

Gum-resina 956 

Gun-cotton  (s.  Pyroxylin). 

Gunpowder — 

Gurhoffite  or  Gurhofian .        .        .        .960 
Gurolite  (a  Gyrolite). 

Gutta  Percba — 

Gnyaquilite 962 

Gymnite  (a.  Dewalite,  p.  512). 

Gypsum .......  ^ 

Gyrolite 963 

Gyrophoric  acid — 

Gyrotrope              — 

Gytge           - 


ADDENDA. 


Conine  (p.  I) . 

AizoconhydHne 

Conjleois 
Crotonvlene    . 
Dili  I  uric  acid  (p,  330) 
Erythramannite  (p.  504) 
EtfiyUl**"l>^'*o*'(P^88) 
Ethyl,  Protosultiljide  of  fp.  5J5) 
Rthvkne^  loJoelLloride  ot  (p.  a79) 
Eugetic  acid  .... 


964 


965 
967 


968 


END   OF  THE   SECOND  YOLUME. 


LOKOOlf 

rXIVTlD     BT    8P0TTI8WOODB     AWD     CO. 

9RW-BTBSKT    SQrARB 


ERRATA. 


Jh:  asterisk  in  the  third  column  indicates  that  the  line  is  to  he  counted  fr 

bottom. 


Vol.  I. 


Voun. 


PAGE 

UKB 

105 

U*.  15« 

607 
665 
736 

24« 

84 

28* 

108 
239 
601 
M4 

21«,28« 
IS 
38« 
26* 
11* 

651 

17 

655 

8 

673 

86 

ERROR  CORRECT 

with  8  pta.  ofl  of  vitriol  witliS  pts.  peroxi 

and  2  pts.  water ganeee,  3  pt^. 

riol,  and  2  ntd. 

C**IP»X"0«   C-H-re><»0« 

cmUc erude 

C"H" C"*ir* 

berries   pods 

ferrocyanide Terrocjanidn 

otelc    hydrochloric 

C«H»»Sea C*H»*SeCl« 

C*H>»8eI    C*H»*Sel* 

(C^>TH-;^    (C*0-)''H*   \*^ 

(CTIT)"    (C?Ti»)»r" 

hydrochloric hydroHaorio 


POPULAR  WORKS 

0!f 

SCIEIfCE,  If ATTJRAL  HISTORY,  AM  TEE  TJSEnH  ARTS. 

HYDEOCAEBON  OILS,  &c.  their  Characters  and  Manufacture, 
from  Petroleum,  Goal,  and  other  Bituminous  Minerals,  Peat,  &c.  and  their 
Applications  in  the  Arts.  By  B.  H.  Paul,  Ph.D.  Cionsulting  Chemist,  and 
lat«  Managing  Partner  in  the  Lews  Chemical  Works.    8\ro.  Jus(  ready. 

The  ELEMENTS  of  CHEMISTBT,  THEOEETICAL  and  PEAC- 
TICAL.  By  William  Allin  Miller,  M.D.  LL.D.  F.B.S.  F.G.S.  Professor  of 
Chemistry  in  King's  College,  London.    Beyised  Edition.    3  yols.  8to.  £2. 12«. 

Past     I.    CHEMICAL  PHYSICS,  Third  Edition.  12*. 
Pabt  n.    INOBGANIC  CHE MISTRr,  Second  Edition,  20#. 
PabtIII.    ORaANIC  CHEMISTRY,  Second  Edition,  20*. 

DB.  UEE'S  DICTIONAEY  of  AETS,  MANUFACTUEES,  and 
MINES.  TifiK  EdiiioH,  rewritten  and  enlarged.  Edited  by  Robert  Hun, 
F.R.S.  F.S.S.  Keeper  of  Mining  Records,  Sec.  assisted  by  eminent  Contributors. 
With  about  2,000  Wood  Engravings.    3  yols.  8yo.  price' £4. 

A  TEEATISE  on  the  STEAM-ENGINE,  in  its  various  Applications 
to  Mines,  Mills,  Steam  Navigation,  Railways,  and  Agriculture.  By  John 
Bourne,  C.E.  Fifth  Edition ;  with  37  Plates  and  616Woodcuts  (200  new  in 
this  Edition).    4to.  42#. 

By  the  same  Author. 

A  CATECHISM  of  the  STEAM-ENGINE,  comprising  Practical  Instructions  for 
the  Manufacture  and  Management  of  Engines  of  every  class.  New  Edition^  with 
80  Woodcuts.    Fcp.  8yo.  6«. 

The  APPLICATION  of  CAST  and  WEOUGHT  lEON  to  BUILD- 
ING PURPOSES.  By  William  Fairbairn,  C.E.  F.R.S.  Third  Edition, 
revised  and  enlarged ;  with  many  Illustrations.    Svo.  [In  the  press. 

By  the  same  Author, 
USEFUL  INFORMATION  for  ENGINEERS.    2  vols,  crown  Svo.  10*.  6rf.  each. 
TREATISE  on  MILLS  and  MILLWORK.    2  vols.  Svo.  32*. 

The  STOEY  of  the  GUNS.  By  Sir  James  Emerson  Tennent, 
K.C.S.  LL.D.  F.R.S.  Ac.     Post  Svo.  with  33  Wood  Engravings,  price  Is.  6d, 

MANUAL  of  the  METALLOIDS.  By  James  Apjohn,  M.D. 
F.R.S.  M.R.I.  A.  Professor  of  Chemistry  in  tlie  University  of  Dublin.  Edited 
by  the  Rev.  J.  A.  Galbbaith,  M.A.  and  the  Rev.  S.  Hauouton,  M.D. 
Fcp.  Svo.  with  38  Woodcuts,  price  7s.  ikl, 

A  TEEATISE  on  ELECTBICITY,  in  Theory  and  Practice.  By 
A.  De  la  Rite,  Professor  in  the  Academy  of  Geneva.  Translated  for  the  Author 
by  C.  V.  Walkeb,  F.R.S.    With  Illustrations.    3  vols.  Svo.  £3. 13*. 

The  COEEEL ATION  of  PHYSICAL  F0ECE3.  By  W.  E.  Grove, 
Q.C.  M.A.  V.P.R.S.  Corresponding  Member  of  the  Academies  of  Rome,  Turin, 
&c.     Fourth  Edition,    8vo.  7s,  6d, 

The  LAW  of  STOEMS  considered  in  connection  with  the  ordinary 
MovemenU  of  the  Atmosphere.  By  H.  W.  Dove,  F.R.S.  Second  Edition, 
translated,  with  the  Author's  sanction,  by  R.  H.  Scott,  M.A.  Trin.  Coll.  Dublin. 
With  Diagrams  and  Charts.    Svo.  lOt.  G^. 

The  WEATIIEU-BOOK:  a  Manual  of  Practical  Meteorology.  Bv 
Rear- Admiral  Robebt  Fitz  Rot,  R.N.  F.R.S.  Third  Edition,  revised,  with 
16  Illustrations  engraved  on  Wood.    Svo.  16#. 


FOFULAR  WOEES  OS  SdElSTGE,  &G.—<:onHnui 


A  GUIDE  to  GEOLOGY.  By  John  Phillips,  M.A. 
F.O.8.  Professor  6f  Qoology  in  the  Unirersity  of  Oxford,  Ac.  Fiftli 
thoroughlj  rensed ;  with  Four  Platet  and  &8  Woodcuts.    Fop.  8to.  pri 

A  GLOSSARY  of  BONERALOGY.  By  Henbt  WiLLiiLK  B 
F.a.S.  of  the  Geologiosl  Buirej  of  Groat  Britain.  With  486  Figures  c 
Crown  Sto.  12s, 

The   COMPARATIVE  ANATOMY  and   PHYSIOLOGY 
YERTBBRATE    ANIMALS.     By  Biobard  Owen,  F.B.8.  D.CAj, 
tendent  of  the  Natural  History  Departments,  British  Museum.    2  i 
with  ahore  1,200  Woodcuts.  [/«  tk 

A  DICTIONARY  of  SCIENCE,  LITERATURE,  and  ART 

prising  the  History,  Description,  and  Scientific  Principles  of  e^ery  B 
Human  Knowledge.     Edited  by  W.  T.  Bbavds,  F.B.3.L.  and    E. 
Edition,  rerised  and  corrected.    Sto.  [/»  ik 


By  Sir  John  F.  W.  Hef 
with  numerous  Platas  and   \\ 


OUTLINES  of  ASTRONOMY. 

Bart.   K.H.   M.A.     Sixth   Edition; 
8to.  18«. 

HOMES  WITHOUT  HANDS:  an  Account  of  the  Hab 
constructed  by  yarious  Animals,  arranged  according  to  their  Principle 
struction.  By  the  Rev.  J.  Q,  Wood,  M.A.  With  numerous  Illustn 
Wood  from  Original  Drawings.  Now  in  course  of  publication  in  20 
Parts,  price  One  Shilling  each. 

The  SEA  and  its  LIVING  WONDERS.    By  Dr.  Gkoeoe  Hj 

Second  Edition,  with  numerous  Wood  Engravings  and  Chromo-litl 
Illustrations.    8vo.  18#. 

By  ike  same  Author, 

The  TROPICAL  WORLD:  a  Popular  Scientific  Account 
Animal  and  Vegetable  Kingdoms  in  Equatorial  B^ons.  With  Sight 
xylographs  and  172  Woodcuts.     8vo.  2\s, 

MANUAL  of  PROTOZOA:  with  Introduction  on  the  Pr 
of  Scientific  Zoology.  By  J.  B.  Gbee.vr,  B.A.  Edited  by  Re 
Oalbraith,  M.A.  and  Rev.  S.  Haxjouton,  M.D.  New  Edition, 
Woodcuts.    Fcp.  8vo.  price  2s. 

By  the  same  Author  and  Editors, 

MANUAL   of   the    SUB-KINGDOM    CGELENTERATA. 
Edition,  with  89  Woodcuts.    Fcp.  8vo.  price  he, 

LECTURES  on  the  SCIENCE  of  LANGUAGE.  By  Max  M 
M.A.  Taylorian  Professor  in  the  University  of  Oxford,  Fellow  of  A 
College,  &c.    First  Sbribs.    Fourth  Edition,  revised.    8vo.  price  12j 

•«•  The  Second  Sbeibs,  comprisinic  Professor  M  llbe's  Coorse  of  Lectures  del 

1863,  is  in  the  press. 

PHYSIOLOGICAL    ANATOMY  and  PHYSIOLOGY   of 
By  Robert  Bsvtley  Todd,  M.D.  F.E.8.  and  Williak  Bowmax,  F 
King's  College.    With  numerous  original  nioatrations.    Vol.  II.  8vo.  p 
V  A  New  and  Revised  BditiOD  of  Vol.  I.  is  preparing  for  pablication. 

London:   LONGMAN,  GREEN,  and  CO.  Paternoster  B 


^ 


